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Sepsis is a severe complication in patients with malignant tumors, leading to high mortality and
increased need for intensive care. This study aimed to investigate the clinical characteristics and
prognostic factors influencing sepsis outcomes in patients with malignant tumors. We included 4,858
patients with cancer diagnosed with sepsis between September 2019 and February 2020 whose

data were collected from the Korean Sepsis Alliance, a nationwide multicenter cohort study. Cox
regression analysis was used to identify predictors of 30-day and in-hospital mortality. In total, 65%
of the patients survived, whereas 35% did not. Non-survivors were more likely to require intensive
care, including mechanical ventilation and continuous renal replacement therapy. Key predictors of
mortality included renal dysfunction, higher Sequential Organ Failure Assessment scores, and reliance
on life-sustaining treatments. Non-survivors exhibited lower adherence to the implementation of
sepsis care bundles, particularly to later-stage interventions. Gram-negative bacterial infections

and multidrug resistance were more prevalent in non-survivors, complicating treatment efficacy. In
conclusion, tailored treatment strategies that consider specific patient characteristics and disease
dynamics are needed in managing sepsis with malignancy. Early identification and treatment of organ
dysfunction, coupled with strict adherence to sepsis treatment protocols, are critical to improving
survival in this population.
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Sepsis is a life-threatening condition characterized by organ dysfunction resulting from a dysregulated immune
response to infection. When associated with severe circulatory, cellular, and metabolic abnormalities, it escalates
to septic shock, which carries a higher risk of mortality than sepsis alone'. Sepsis is associated with high mortality,
regardless of the underlying infection or comorbidities, and is a leading cause of death worldwide?. Patients
with malignant tumors are more likely to develop sepsis than the general population, and mortality rates for
patients with sepsis and malignant tumors are predicted to be higher than those for patients with sepsis without
malignant tumors®=. Severely ill patients with sepsis and malignant tumors tend to have longer intensive care
unit (ICU) and hospital stays than patients with sepsis without malignant tumors, requiring greater resource
utilization®. ICU mortality and length of stay for patients with malignant tumors and sepsis have improved and
evolved significantly over the past year but are still high compared to other patient populations’=.

Several factors influence the increased incidence of sepsis and mortality in patients with malignant tumors.
Neutropenia, caused by malignant infiltration suppressing the bone marrow or by the effects of chemotherapy
on blood cell production, is a major indicator of weakened immunity in patients with cancer. This condition
significantly increases their susceptibility to bacterial or fungal infections'®!!. Additionally, neutrophils from
patients with malignant tumors exhibit various functional defects in chemotaxis, phagocytosis, and bactericidal
capacity!>13.

Several studies have examined various clinical and biological factors that influence the prognosis of sepsis
in patients with malignant tumors. These factors include age, general physical condition, cancer activity,
and biomarkers such as B-type natriuretic peptide, troponin I, neutrophil-to-lymphocyte ratio, and plasma
interleukin-33 levels, which are predictive of sepsis outcomes®!*17. Effective management of sepsis in these
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patients may include early recognition of potential sepsis and organ failure, rigorous microbiologic monitoring,
regular testing to remove unnecessary invasive devices, and discussion of end-of-life care based on the patient’s
needs.

Owing to the multifactorial nature of sepsis and the challenge of predicting different prognostic factors, a
comprehensive analysis of various factors is essential. However, such analyses in Korean patients with sepsis are
lacking. Therefore, this study aimed to investigate and identify the clinical characteristics of sepsis in patients
with malignant tumors. We also aimed to explore prognostic factors that were significantly associated with
outcomes in this group. By addressing these gaps, we hope to increase the predictive accuracy of sepsis outcomes
and improve the strategic management of this vulnerable patient population.

Methods

Patients and data collection

A comprehensive analysis was performed using data from the Korean Sepsis Alliance, a nationwide prospective
multicenter cohort study designed to evaluate the clinical characteristics, treatment modalities, and prognoses
of patients with sepsis. Twenty tertiary or university-affiliated medical centers located in 10 of Koreas 17
metropolitan cities and provinces actively participated in this study. Eligibility criteria included consecutive
screening of all individuals who visited the emergency room or were admitted to hospital wards under the care
of the rapid response team between September 2019 and December 2021. Individuals aged 19 years and older,
diagnosed with cancer and clinically diagnosed with sepsis were included in the registry for further analysis.
Malignancy was defined as either hematologic malignancies-including leukemia, lymphoma, and multiple
myeloma-or solid tumors in organs or tissues such as breast, colorectal, lung, prostate, and skin. Eligibility was
limited to patients diagnosed with cancer within the past five years, excluding those in complete remission (CR).

Sepsis was defined according to The Third International Consensus Definitions for Sepsis and Septic
Shock!. Data collected included patient demographics, comorbidities, cancer treatment, initial vital signs, and
initial laboratory tests. Additionally, data on treatment specifics such as administration of vasopressors, use of
invasive mechanical ventilation, provision of renal replacement therapy, and use of extracorporeal membrane
oxygenation were collected. Implementation of the 1-h, 3-h, and 6-h sepsis bundles was also assessed, with the
1-h bundle based on the 2018 updatels, the 3-h bundle based on the 2015 revision, and the 6-h bundle based on
the 2013 revision®.

We collected information on the suspected site of infection causing sepsis, the identified pathogen, and the
appropriateness of initial empiric treatment in the first 24 h. For prognosis, we also included essential outcome
measures such as ICU admission, length of stay, discharge status, and mortality. In this study, we assessed
patients’ frailty using the Clinical Frailty Score (CFS) based on their pre-admission status®. The CFS is a tool
that categorizes patients according to their physical robustness and ability to perform daily activities, with scores
ranging from 1 (very fit) to 9 (terminally ill), with each level representing a gradation of dependency and health
status.

“Treatment status” was defined as being “on treatment” and included patients actively receiving chemotherapy
and/or radiotherapy. Patients were eligible if they had undergone chemotherapy, radiotherapy, or steroid therapy
with prednisolone at a dose of 0.3 mg/kg within the past six months. Additionally, those with immunosuppression
due to malnutrition, metastatic cancer, or hematologic malignancies were included. However, individuals with
human immunodeficiency virus infection were excluded from the study.

The study was approved by the institutional review boards of each hospital, including the Institutional
Review Board of Chungnam National University Hospital (2019-11-048). The Institutional Review Board of
Chungnam National University Hospital waived the requirement for informed consent as this was a standard
care observational study with minimal risk and no intervention. All methods used in this study complied with
relevant guidelines and regulations.

Statistical analyses

Patient characteristics and clinical outcomes were compared based on their survival status. Categorical variables
are presented as percentages and continuous variables are presented as means and standard deviations or
medians and interquartile ranges. Analyses were performed using the survival status of patients with cancer and
sepsis to examine differences between survivors and non-survivors using chi-squared t-tests and Welch’s t-test.
Univariate and multivariate logistic regression was conducted to investigate the associations between mortality
and variable factors on the survival of the patients. All covariates included in the multivariate analysis were
selected based on their clinical relevance and statistically significant association with mortality in the univariate
analyses. Statistical significance was set at p-values<0.1 for univariate analysis and<0.05 for multivariate
analysis. All analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

A total of 11,981 patients were diagnosed with sepsis, of which 4,858 (40.5%) were eligible for the study after
excluding 7,123 patients who did not have solid tumors or hematologic malignancies. Of these, 3,158 (65%)
survived and 1,700 (35.0%) did not (Fig. 1).

Table 1 presents the characteristics of the patients according to their survival status. The mean age of the
patients was 68.4+ 12.5 years, and 3,077 (63.3%) were male. The Clinical Frailty Scale was 5.0 +£2.2 points, with
4.7 £2.2 points for survivors and 5.6 £2.1 points for non-survivors (p<0.001). Eastern Cooperative Oncology
Group (ECOG) performance status scores (2.0 vs. 3.0) and Sequential Organ Failure Assessment (SOFA) scores
(5.7+2.7 vs. 7.5 £ 3.4) were also lower in the survivor group than in the non-survivor group (p <0.001). The most
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Fig. 1. Study population flowchart depicting the outcomes of patients with sepsis and malignancies.

Characteristics All patients | Survivor Non-survivor | P-value
Patients (n) 4858 3158 1700

Age, year 68.4+12.5 68.2+12.5 68.7+x12.4 0.172
Male 3077 (63.3) | 1967 (62.3) | 1110 (65.3) 0.038
Body mass index, kg/m? 21.9+39 21.9+3.8 21.8+4.1 0.430
Cancer treatment 728 (15.0) 375 (11.9) 353 (20.8) <0.001
Charlson comorbidity index 7.1£2.6 7.0£2.5 7.4£2.6 <0.001
Clinical frailty scale 5.0+2.2 47422 5.6+2.1 <0.001
ECOG 2.0 (1.0-3.0) | 2.0 (1.0-3.0) | 3.0 (1.0-3.0) <0.001
SOFA score 6.3+3.1 57+2.7 7.5+34 <0.001
Underlying disease

Diabetes mellitus 1484 (30.5) | 980 (31.0) 504 (29.6) 0.317
Chronic kidney disease 400 (8.2) 236 (7.5) 164 (9.6) 0.009
Liver disease 514 (10.6) 318 (10.1) 196 (11.5) 0.115
Heart failure 182 (3.7) 108 (3.4) 74 (4.4) 0.102
Chronic obstructive lung disease 274 (5.6) 164 (5.2) 110 (6.5) 0.066
Cerebrovascular disease 487 (10.0) 322(10.2) 165 (9.7) 0.587
Dementia 233 (4.8) 148 (4.7) 85 (5.0) 0.626
Connective tissue disease 75 (1.5) 41 (1.3) 34 (2.0) 0.058
Suspected infection site of sepsis

Pulmonary 1,750 (36.0) | 994 (31.5) 756 (44.5) <0.001
Abdominal 1765 (36.3) | 1242 (39.3) | 523 (30.8) <0.001
Urinary tract 643 (13.2) 485 (15.4) 158 (9.3) <0.001
Skin/soft tissue 110 (2.3) 81(2.6) 29 (1.7) 0.055
Catheter-related 60 (1.2) 36 (1.1) 24 (1.4) 0.413
Systemic infection without clear primary site of infection | 719 (14.8) 430 (13.6) 289 (17.0) 0.002
Neurologic 23 (0.5) 18 (0.6) 5(0.3) 0.182

Table 1. Patient’s characteristics according to survivor. Data are presented as mean + standard deviation or
number (%), unless otherwise indicated. ECOG Eastern Cooperative Oncology Group, SOFA sequential organ

failure assessment.

common comorbidity was diabetes mellitus, affecting 1,484 (30.5%) patients. Regarding the site of sepsis, lung
and abdominal infections were almost equally prevalent; however, abdominal infections were most prevalent
in the survivor group at 39.3% (p <0.001), and lung infections were most prevalent in the non-survivor group
at 44.5% (p <0.001). Infections of unknown primary sites were observed in 719 patients: 13.6% in the survivor

group and 17.0% in the non-survivor group (p=0.002).

Table 2 presents the patients’ vital signs and laboratory findings. Vital signs indicated lower mean blood
pressure, faster heart rate, respiratory rate, and lower body temperature in the non-survivor group compared with
the survivor group. Initial laboratory results revealed higher levels of white blood cells (WBC), total bilirubin,
creatinine, C-reactive protein (CRP), and lactate, and lower levels of hemoglobin, platelets, and albumin in the

non-survivor group compared with the survivor group.
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Characteristics All patients Survivor Non-survivor P-value
Patients (n) 4,858 3,158 1,700

Initial vital sign

Mean BP, mmHg 66.7 (57.7-76.7) | 66.7 (58.3-76.7) | 66.0 (56.3-77.1) 0.037
Heart rate, /min 111 (95-128) 110 (94-127) 113 (97-130) 0.016
Respiratory rate, /min 22 (20-26) 22 (20-25) 24 (22-28) <0.001
Body temperature, ‘C 37.4(36.5-38.3) | 37.6(36.7-38.5) | 37.0(36.4-38.0) <0.001
Initial laboratory data

White blood cell, x 103/uL | 9.74 (4.10-16.25) | 9.60 (4.27-15.37) | 10.00 (3.70-17.61) 0.001
Hemoglobin, g/dL 9.8 (8.4-11.6) 10.0 (8.5-11.8) 9.5 (8.1-11.1) <0.001
Platelet, x 10°/ul. 140 (67-232) 151 (79-240) 118 (49-218) <0.001
Total bilirubin, mg/dL 1.0 (0.6-2.1) 1.0 (0.6-1.9) 1.1 (0.6-2.6) <0.001
Albumin, g/dL 2.7(2.3-3.2) 2.8 (2.4-3.3) 2.5(2.1-2.9) <0.001
Creatinine, mg/dL 1.22(0.80-1.97) | 1.15(0.79-1.83) | 1.38(0.86-2.29) | <0.001
CRP, ng/mL 12.1 (5.8-20.3) 11.2 (5.1-19.2) 14.3 (7.3-22.5) <0.001
Lactate, mmol/L 2.9 (1.8-5.3) 2.6 (1.6-4.3) 4.0(2.2-7.2) <0.001

Table 2. Patient’s vital signs and laboratory findings according to survivor. Data are presented as median and
interquartile range, unless otherwise indicated. BP blood pressure, CRP C-reactive protein.

Characteristics All patients | Survivor Non-survivor | P-value
Patients (n) 4858 3158 1700

Bacteria 2,587 (53.3) | 1,686 (53.4) | 901 (53.0) 0.796
Gram positive bacteria 826 (17.0) 497 (15.7) 329 (19.4) 0.001
Gram negative bacteria 2,075 (42.7) | 1,395 (44.2) | 680 (40.0) 0.005
Atypical bacteria 21(0.4) 11 (0.3) 10 (0.6) 0.224
Virus 51 (1.0) 35 (1.1) 16 (0.9) 0.586
Fungus 154 (3.2) 89 (2.8) 65(3.8) 0.056
MDR pathogens 1,087 (22.4) | 690 (21.8) 399 (23.5) 0.196
Tuberculosis 12 (0.2) 8(0.3) 4(0.2) 0.904
Others 5(0.1) 5(0.2) 0(0) 0.101
Appropriateness of initial empirical therapy (within 24 h) | 4250 (87.5) | 2818(89.2) | 1432 (84.2) <0.001

Table 3. Pathogen type of the patient. Data are presented as mean + standard deviation or number (%), unless
otherwise indicated. MDR multidrug resistant.

Patient pathogen types

Among the pathogens (Table 3), bacteria were the most common (53.3% of the total), with gram-negative
bacteria (42.7%) being significantly more common than gram-positive bacteria (17.0%). Gram-positive bacteria
were more common in the non-survivor group than in the survivor group (19.4% vs. 15.7%, p=0.001), and
gram-negative bacteria were less common (40.0% vs. 44.2%, p =0.005). The proportion of multidrug-resistant
organisms was 22.4%, and the proportion receiving appropriate antibiotic therapy within 24 h was 89.2% in the
survivor group and 84.2% in the non-survivor group (p <0.001).

Patient prognoses and interventions

Table 4 presents the prognoses and interventions of the patients. Interventions and outcomes differed
significantly between these groups. Vasopressors were used in 29.3% of patients, with non-survivors being
significantly more likely to receive this treatment than survivors (37.8% vs. 24.7%; p <0.001). Additionally,
a higher percentage of non-survivors required ICU admission than survivors (40.7% vs. 28.7%; p<0.001).
Invasive mechanical ventilation was used in 55.5% of patients admitted to the ICU, with a predominant use in
non-survivors compared with survivors (72.5% vs. 42.6%; p <0.001). Continuous renal replacement therapy
(CRRT) was also more frequently required in non-survivors than in survivors (49.3% vs. 15.7%; p <0.001).
Significant differences in outcomes were also observed. The ICU mortality rate was 64.9% among non-survivors.
The median length of hospital stay was longer for survivors at 16.0 days compared to 11.0 days for non-survivors
(p<0.001). Additionally, 90.2% of non-survivors had issues related to life-sustaining treatment, significantly
higher than the 23.2% of survivors (p<0.001).

Cox regression analysis: 30-day mortality
Table 5 shows the factors associated with 30-day mortality. In the univariate Cox regression analysis, several
factors were significantly associated with 30-day mortality, including age, cancer treatment, Charlson
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Characteristics All patients Survivor Non-survivor | P-value
Use of vasopressors 1421 (29.3) 779 (24.7) 642 (37.8) <0.001
Admission to the ICU 1599 (32.9) 907 (28.7) 692 (40.7) <0.001
Interventions in the ICU

Invasive mechanical ventilation 888 (55.5) 386 (42.6) 502 (72.5) <0.001
NIV 58 (3.6) 38 (4.2) 20 (2.9) 0.169
HENC 552 (34.5) 313 (31.5) 239 (34.5) 0.991
Continuous renal replacement therapy | 483 (30.2) 142 (15.7) 341 (49.3) <0.001
ECMO 22(1.4) 10 (1.1) 12 (1.7) 0.283
Hemodialysis 66 (4.1) 32(3.5) 34 (4.9) 0.168
Clinical outcomes

ICU mortality 449 (28.1) 0(0) 449 (64.9) <0.001
ICU stay, days 4.0 (2.0-9.0) 4.0 (2.0-8.0) 4.0 (1.0-10.8) 0.085
30 day mortality 1187 (24.4) 0(0) 1,187 (69.8) <0.001
Hospital stay, days 14.0 (7.0-27.0) | 16.0 (9.0-29.0) | 11.0 (3.0-25.0) | <0.001
Life sustaining treatment issue 2267 (46.7) 734 (23.2) 1,533 (90.2) <0.001
Sepsis 1 h bundle 995 (20.5) 636 (20.1) 359 (21.1) 0.420
Sepsis 3 h bundle 3033 (62.4) 1974 (62.5) 1059 (62.3) 0.883
Sepsis 6 h bundle 3972 (81.8) 2595 (82.2) 1377 (81.0) 0.313

Table 4. Prognosis and interventions of the patients. Data are presented as median and interquartile range or
number (%), unless otherwise indicated. ICU intensive care unit, NIV non invasive ventilation, HFNC high
flow nasal cannula, ECMO extracorporeal membrane oxygenation.

Comorbidity Index, Clinical Frailty Scale, ECOG score, SOFA score, pulmonary infection, abdominal infection,
urinary tract infection, systemic infection without clear primary site of infection, WBC count, total bilirubin,
albumin, creatinine, CRP, lactate, use of mechanical ventilation, use of CRRT, completion of sepsis 1-h bundle,
and completion of sepsis 6-h bundle. In the multivariate analysis, the Charlson Comorbidity Index (odds ratio
[OR] 1.034, 95% confidence interval [CI], 1.006-1.064, p=0.018), clinical frailty scale (OR 1.114, 95% CI
1.071-1.159, p <0.001), SOFA score (OR 1.048, 95% CI 1.021-1.075, p <0.001), pulmonary infection (OR 1.833,
95% CI 1.535-2.189, p<0.001), systemic infection without clear primary site (OR 1.381, 95% CI 1.073-1.776,
p=0.012), low albumin levels (OR 0.791, 95% CI 0.693-0.904, p=0.001), high lactate levels (OR 1.088, 95%
CI 1.067-1.109, p<0.001), CRRT use(OR 1.900, 95% CI 1.597-2.259, p<0.001), completion of the 1-h sepsis
bundle (OR 0.735, 95% CI 0.594-0.908, p=0.004) and the 6-h bundle (OR 1.456, 95% CI 1.148-1.847, p=0.002)
were significantly associated with 30-day mortality.

Cox regression analysis: in-hospital mortality

Table 6 shows the factors associated with in-hospital mortality. In the univariate Cox regression analysis, age,
cancer treatment, Charlson Comorbidity Index, clinical frailty scale, ECOG, SOFA score, pulmonary infection,
abdominal infection, urinary tract infection, WBC count, hemoglobin, total bilirubin, albumin, creatinine, and
lactate levels, use of mechanical ventilation, use of CRRT, life-sustaining treatment issues, and completion of the
1-h sepsis bundle were associated with in-hospital mortality. In the multivariate analysis, age (OR 1.010, 95% CI
1.004-1.016, p=0.001), clinical frailty scale (OR 1.056, 95% CI 1.020-1.094, p=0.002), SOFA score (OR 1.044,
95% CI 1.020-1.069, p <0.001), abdominal infection (OR 0.793, 95% CI 0.655-0.960, p=0. 017), high lactate
levels (OR 1.071, 95% CI 1.051-1.092, p<0.001), use of CRRT (OR 1.332, 95% CI 1.141-1.555, p<0.001), and
life-sustaining treatment issues (OR 8.402, 95% CI 6.762-10.496, p <0.001) were significantly associated with
in-hospital mortality.

Discussion

This study comprehensively evaluated the clinical characteristics and prognostic factors associated with sepsis
in patients with malignancy and revealed significant differences between survivors and non-survivors. Non-
survivors were more likely to require aggressive interventions such as vasopressors, invasive mechanical
ventilation, and CRRT, which was associated with higher ICU admission rates and mortality. The presence
of comorbidities, as measured by the Charlson Comorbidity Index, Clinical Frailty Scale, and SOFA scores,
strongly predicted 30-day and in-hospital mortality, indicating that a higher initial clinical and physiological
burden significantly affects survival outcomes. Additionally, the type of infection, particularly pulmonary and
systemic infections without an apparent primary site, was associated with poorer prognosis, highlighting the
need for targeted and timely management strategies to improve patient survival.

In the baseline characteristics of the cohort, there were no differences in age or body mass index between
survivors and non-survivors, but non-survivors included a higher percentage of men, consistent with studies
indicating that men may have a disadvantage due to cell-mediated immune responses and reduced cardiovascular
function, which can increase sepsis susceptibility.?*%. Indicators of a patient’s systemic condition and mobility,
such as the Charlson Comorbidity Index, Clinical Frailty Scale, and ECOG status, were also higher in non-
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Univariate analysis Multivariate analysis

OR | 95% CI P-value | OR | 95% CI P-value
Age, year 1.012 | 1.007-1.017 | <0.001 | 1.005 | 0.997-1.013 0.183
Male 0.940 | 0.834-1.060 0.315
Cancer treatment 1.123 | 0.978-1.288 0.099 | 1.049 | 0.880-1.251 0.591
Charlson comorbidity index 1.095 | 1.074-1.117 | <0.001 | 1.034 | 1.006-1.064 0.018
Clinical frailty scale 1.215 | 1.182-1.249 | <0.001 |1.114 | 1.071-1.159 | <0.001
ECOG 1.353 | 1.293-1.416 | <0.001 | 1.058 | 0.915-1.223 0.446
SOFA score 1.110 | 1.091-1.129 | <0.001 | 1.048 | 1.021-1.075 | <0.001
Suspected infection site of sepsis
Pulmonary 1.597 | 1.424-1.791 | <0.001 | 1.833 | 1.535-2.189 | <0.001
Abdominal 0.713 | 0.630-0.806 | <0.001 |0.955 | 0.711-1.283 0.759
Urinary tract 0.810 | 0.674-0.974 0.025 | 0.971 | 0.743-1.269 0.830

Systemic infection without clear primary site

. ) 1.167 | 1.000-1.360 0.049 | 1.381 | 1.073-1.776 0.012
of infection

Initial laboratory data

White blood cell, x 10>/uL 1.006 | 1.003-1.009 | <0.001 | 1.003 | 0.994-1.011 0.536
Hemoglobin, g/dL 0.981 | 0.956-1.005 0.125

Platelet, x 103/uL 1.000 | 0.999-1.000 0.078 | 1.000 | 0.999-1.000 0.186
Total bilirubin, mg/dL 1.031 | 1.020-1.042 | <0.001 | 1.011 | 0.992-1.029 0.266
Albumin, g/dL 0.627 | 0.570-0.690 | <0.001 |0.791 | 0.693-0.904 0.001
Creatinine, mg/dL 1.088 | 1.061-1.117 | <0.001 | 0.997 | 0.948-1.047 0.896
CRP, ng/mL 1.017 | 1.011-1.022 | <0.001 | 1.009 | 1.001-1.017 0.027
Lactate, mmol/L 1.116 | 1.101-1.131 | <0.001 | 1.088 | 1.067-1.109 | <0.001
Use of vasopressors 1.048 | 0.960-1.211 0.204

Use of mechanical ventilation 1.825 | 1.557-2.139 | <0.001 |1.105 | 0.919-1.329 0.289

Use of continuous renal replacement therapy | 2.546 | 2.177-2.977 | <0.001 | 1.900 | 1.597-2.259 | <0.001

Completion of sepsis 1 h bundle 0.879 | 0.763-1.013 0.074 | 0.735 | 0.594-0.908 0.004
Completion of sepsis 3 h bundle 1.023 | 0.910-1.150 | 0.705
Completion of sepsis 6 h bundle 1.144 | 0.987-1.326 0.073 | 1.456 | 1.148-1.847 0.002

Table 5. Univariate and multivariate Cox regression analysis addressing the factors for 30 day mortality. OR
odds ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, SOFA sequential organ failure
assessment, CRP C-reactive protein.

survivors, which have been reported to be highly relevant indicators in cancer and sepsis?**!. Conditions such as

chronic kidney disease (CKD), liver disease, and diabetes mellitus are more prevalent in patients with sepsis and
are associated with worse outcomes; however, in our study group, only CKD exhibited a significant difference®.
Respiratory, abdominal, and urinary tract infections are the most common causes of sepsis®. Several studies have
discussed their prognosis, but the results vary*”?8. In this study, pulmonary infections had a worse prognosis,
and infections of unknown cause were more common in non-survivors owing to the challenge of targeting the
appropriate antibiotics.

Patients’ vital signs and lab results showed significant differences between survivors and non-survivors of
sepsis. Specifically, non-survivors had significantly lower mean blood pressures, higher heart and respiratory
rates, and elevated body temperatures compared with survivors. These findings are consistent with previous
studies?®> that have reported differences in early vital signs as predictors of mortality in patients with sepsis.
Laboratory values such as WBC counts, hemoglobin, platelets, creatinine, inflammatory markers, such as CRP,
and lactate levels also exhibited significant differences between the two groups, with non-survivors having worse
profiles. This pattern is consistent with findings from other studies indicating that high levels of lactate’! and
CRP* are associated with an increased risk of death in patients with sepsis, underscoring the importance of these
biomarkers in assessing sepsis severity. Additionally, our findings regarding thrombocytopenia are consistent
with previous research®, indicating that while sepsis can trigger thrombocytopenia, thrombocytopenia can
also exacerbate sepsis and contribute to worse outcomes. These findings emphasize the importance of early
identification of these markers to guide timely, intensive management and improve survival.

Previous epidemiologic data on sepsis have revealed that Gram-negative bacteria are the predominant
causative agents; however, the prevalence of Gram-positive bacteria has increased over time. Currently, the
proportions of these two groups of bacteria are approximately equal or marginally different*». This study of
patients with malignancy revealed a significantly higher proportion of Gram-negative bacteria, highlighting
a distinct microbial pattern in this subgroup. Additionally, multidrug resistance was very high at 22.4%, with
specific resistance observed in strains such as Pseudomonas aeruginosa®® and various enterobacteria®”. These
resistance patterns can lead to suboptimal outcomes when standard antibiotic therapy is administered after the
initial diagnosis of sepsis. Furthermore, patients with malignancy have different strain dynamics and higher
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Univariate analysis Multivariate analysis

OR 95% CI P-value | OR | 95% CI P-value
Age, year 1.010 | 1.006-1.014 | <0.001 | 1.010 | 1.004-1.016 0.001
Male 0.970 | 0.872-1.080 0.580
Cancer treatment 1.133 | 1.004-1.277 0.042 | 1.019 | 0.871-1.192 0.815
Charlson comorbidity index 1.092 | 1.073-1.111 <0.001 |0.998 | 0.969-1.028 0.885
Clinical frailty scale 1.192 | 1.163-1.221 | <0.001 | 1.056 | 1.020-1.094 0.002
ECOG 1.326 | 1.273-1.381 <0.001 |0.975 | 0.853-1.114 0.708
SOFA score 1.098 | 1.081-1.115 | <0.001 | 1.044 | 1.020-1.069 | <0.001
Suspected infection site of sepsis
Pulmonary 1.552 | 1.400-1.720 <0.001 | 1.174 | 0.980-1.408 0.082
Abdominal 0.758 | 0.680-0.845 | <0.001 |0.793 | 0.655-0.960 0.017
Urinary tract 0.770 | 0.650-0.914 0.003 | 0.809 | 0.630-1.039 0.097

Systemic infection without clear primary site

. ) 1.064 | 0.927-1.222 0.375
of infection

Initial laboratory data

White blood cell, x 10%/uL 1.007 | 1.004-1.009 | <0.001 |0.998 | 0.991-1.005 0.562
Hemoglobin, g/dL 0.977 | 0.955-1.000 0.050 | 1.032 | 0.999-1.066 0.057
Platelet, x 10°/uL 1.000 | 0.999-1.000 0.178

Total bilirubin, mg/dL 1.028 | 1.018-1.038 | <0.001 |0.990 | 0.974-1.006 0.209
Albumin, g/dL 0.646 | 0.593-0.704 | <0.001 |0.962 | 0.848-1.092 0.551
Creatinine, mg/dL 1.088 | 1.062-1.115 | <0.001 | 1.040 | 0.992-1.090 0.103
CRP, ng/mL 1.015 | 1.010-1.020 | <0.001 | 1.007 | 1.000-1.014 0.058
Lactate, mmol/L 1.103 | 1.089-1.117 <0.001 | 1.071 | 1.051-1.092 <0.001
Use of vasopressors 1.031 | 0.930-1.144 0.559

Use of mechanical ventilation 1.575 | 1.371-1.809 | <0.001 |1.063 | 0.900-1.254 0.472
Use of continuous renal replacement therapy | 2.224 | 1.938-2.553 | <0.001 | 1.332 | 1.141-1.555 | <0.001
Life sustaining treatment issue 12.832 | 10.775-15.282 | <0.001 | 8.402 | 6.726-10.496 | <0.001
Completion of sepsis 1 h bundle 0.886 | 0.782-1.003 0.056 | 0.934 | 0.781-1.118 0.458
Completion of sepsis 3 h bundle 1.020 | 0.918-1.132 0.715

Completion of sepsis 6 h bundle 1.084 | 0.953-1.232 0.219

Table 6. Univariate and multivariate Cox regression analysis addressing the factors for In-hospital mortality.
OR odds ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, SOFA sequential organ
failure assessment, CRP C-reactive protein.

rates of drug resistance compared with the general sepsis population®®. These findings suggest that antimicrobial
coverage in patients with malignancy and sepsis should be carefully considered to identify specific resistance
patterns prevalent in this population and to ensure timely and targeted antimicrobial use. These findings
emphasize the need for precise antimicrobial coverage to address resistance and optimize outcomes in this
population, highlighting the importance of monitoring and adjusting treatments based on prevalent microbial
trends.

Intervention strategies in the study population reflected disease severity and organ dysfunction, with
significant differences in treatment approaches between groups. Non-survivors required more aggressive
treatments such as mechanical ventilation, use of vasopressors, and CRRT, indicative of disease severity and
organ failure. This finding aligns with other studies revealing that these intensive treatment measures are
more often required in patients with poor prognostic indicators**°. Additionally, issues with life-sustaining
treatments were significantly more common among non-survivors, suggesting a complex interaction between
patient prognosis and end-of-life decisions, a phenomenon observed in other studies. Although there is growing
interest in LST and do-not-resuscitate orders in Korea, many patients continue to receive invasive treatments
toward the end of life. In Korean society, the timing of LST decisions is often late, often at the terminal stage,
as many families feel that pursuing all possible treatments honors cultural values such as familial devotion and
respect for older population®!*2. This societal tendency may delay end-of-life discussions, sometimes leading to
potentially unnecessary invasive interventions. In addition, adherence to the sepsis bundle was variable, with
no significant difference observed between survivors and non-survivors for the 1-h and 3-h bundles. However,
adherence to the 6-h sepsis bundle differed, suggesting a potential gap in the ongoing management of sepsis over
time. These differences highlight the need for aggressive application of sepsis treatment protocols to improve
outcomes, as supported by other papers**~*°, indicating that strict adherence to the recommended sepsis bundle
improves survival in various healthcare settings.

This study used a Cox regression analysis to identify predictors associated with 30-day mortality and in-
hospital mortality in patients with cancer and sepsis. Consistent with previous studies of sepsis in patients with
cancer, particularly those with hematologic malignancies or poor performance status as measured by ECOG
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scores, this study highlights the importance of underlying disease status in patient prognosis'®6. We could not
distinguish between hematologic and solid tumors owing to data limitations. Furthermore, the retrospective
nature of the study and constraints in data collection prevented us from accounting for key variables such as the
type of cancer treatment, time since the last treatment, specific type of solid tumor, and stage of disease. Despite
these limitations, the mortality analysis identified key factors such as the Charlson Comorbidity Index and clinical
frailty scale as valuable predictors of outcomes*”*3. Organ dysfunction, particularly renal dysfunction, was also a
significant factor in mortality, aligning with recent studies emphasizing renal dysfunction as a prognostic factor
for sepsis-related mortality**->!. However, liver dysfunction and poor cardiac function, as indicated by total
bilirubin levels and clinical symptoms, respectively, did not significantly affect mortality in our cohort, consistent
with findings from other studies'®*2. These findings contrast with some reports in which such dysfunctions were
associated with higher mortality in patients with sepsis. This variability may be due to differences in patient
characteristics or definitions of organ dysfunction between studies. Thus, context is crucial in interpreting the
prognostic value of organ dysfunction in sepsis. Additionally, the SOFA score was significantly associated with
patient outcomes, supporting previous studies that have identified it as a reliable predictor of sepsis severity and
mortality in various patient populations, including those with cancer®*%. Age is often considered an important
determinant of sepsis prognosis®*; however, in this study, it had a significant effect on in-hospital mortality but
not on 30-day mortality. This discrepancy may be because certain systemic diseases associated with cancer alter
the effect of age on sepsis outcomes. Furthermore, the strong correlation between the issues of life-sustaining
treatment and in-hospital mortality, which is common in similar studies®®*’, underscores the need for timely
medical intervention, rapid response, and appropriate management strategies to improve survival in vulnerable
populations.

However, this study has several limitations. First, the retrospective design inherently introduces potential
biases and missing data that could affect the results and their interpretation. Although data collection was
performed by experienced investigators and supplemented by the coordinating center, some data may not
have been fully verified because it relied on institutional management practices. Second, the study population
consisted exclusively of patients with solid tumors or hematologic malignancies. While this focused approach
provides valuable insights into a specific subgroup, it limits the generalizability of the findings to a broader
sepsis population. Third, the reliance on existing medical records introduced variability in data quality and
completeness across participating centers. This heterogeneity may have affected the robustness and consistency
of the analysis. Despite efforts by experienced investigators to standardize data collection and ensure accuracy,
these limitations remain inherent in the study design. Fourth, although the Cox regression analysis identified
important predictors of mortality, the study could not account for all relevant variables or potential confounders.
Critical cancer-related variables-such as cancer type, disease stage, specific treatment regimens, and time since
last treatment-were not collected at enrollment. These factors®® are important confounders that could have
influenced the study results and limited the scope of the analysis. Finally, the observational design of the study
prevents causality from being established between the identified factors and mortality, and caution should
be exercised in drawing definitive conclusions regarding cause-and-effect relationships. Further prospective
studies with detailed cancer-related variables and a broader sepsis population are warranted to validate these
associations and explore underlying causal mechanisms.

Conclusions

Our study identified key survival determinants in patients with malignancy and sepsis, including the higher
prevalence of pulmonary infections, the dominance of Gram-negative bacteria, and the critical role of frailty and
SOFA scores. These findings highlight the need for early detection and tailored treatment strategies to improve
outcomes in this vulnerable population. The presence of multidrug-resistant infections further necessitates the
development of personalized sepsis management protocols tailored to the specific physiological and therapeutic
needs of patients with cancer. Implementing evidence-based interventions that focus on early detection and
individualized care can significantly improve survival and quality of life for these patients.

Data availability
All data generated or analyzed during this study are included in this published article.
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