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Background: Risk stratification in sepsis remains a major clinical challenge in hospital settings, where timely recognition of disease
progression can critically influence outcomes. Traditional scoring systems, such as SOFA and APACHE II, are frequently applied but
are limited by their complexity and inconsistent predictive accuracy. Integrating biological markers with clinical scores may enhance
the early identification of patients with an unfavorable prognosis.

Objective: The objective of this investigation was to determine the prognostic performance of two composite scoring systems, BIO-S
and BIO-SC, in predicting 28-day mortality among patients with sepsis or septic shock.

Methods: We conducted a retrospective single-center study including 125 adult surgical patients with sepsis or septic shock. BIO-S was
calculated using procalcitonin (PCT), neutrophil-to-lymphocyte ratio (NLR), INR, and SOFA score, whereas BIO-SC extended this model by
incorporating the Charlson Comorbidity Index (CCI). Both bioscores were calculated at admission and analyzed in relation to 28-day mortality
and discharge status.

Results: Among the 125 patients included, 28-day all-cause mortality was 36% (n=45). The BIO-SC score achieved the highest predictive
accuracy for 28-day mortality (AUC = 0.942), surpassing BIO-S (AUC = 0.930), SOFA (AUC = 0.928), and APACHE II (AUC = 0.918).
Both bioscores correlated strongly with discharge outcomes and were independent predictors of 28-day mortality (p < 0.001).
Conclusion: Integrating inflammatory biomarkers, organ dysfunction, and comorbidity burden into composite prognostic models
such as BIO-S and BIO-SC significantly improves early mortality risk assessment and outcome prediction in sepsis, although external
validation remains necessary.
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Introduction

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host response to infection, according to the Third
International Consensus Definitions (Sepsis-3)."* Globally, it is estimated that 48.9 million cases occur each year, resulting in
approximately 11 million deaths.® The Surviving Sepsis Campaign reports mortality rates of 30~50% for sepsis and 50-60% for
septic shock.* The often subtle onset of sepsis and its heterogeneous clinical presentations make early recognition of severe cases
and rapid initiation of therapy particularly challenging.” Identifying patients at high risk and with unfavorable prognosis remains

difficult, yet it is essential to improve survival through timely and appropriate therapeutic interventions.® Despite advances in
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pathophysiological understanding and critical care management, sepsis-related mortality remains high, underscoring the urgent
need for more accurate prognostic tools.”®

Clinical assessment of sepsis commonly depends on severity scores, particularly the Sequential Organ Failure Assessment
(SOFA) and the Acute Physiology and Chronic Health Evaluation II (APACHE II).° As a component of the Sepsis-3
framework, SOFA provides a quantitative measure of organ failure and is recognized as a reliable prognostic indicator of
mortality in patients with sepsis.' However, its routine use is limited by the large number of parameters included, which may
render it impractical in emergency departments,'' though it remains standard practice in the Intensive Care Unit (ICU).
Although SOFA is more reliable than other tools, such as APACHE II or the Simplified Acute Physiology Score (SAPS) 11, for
predicting outcomes in intensive care, it does not always provide optimal accuracy for mortality prediction, and several studies
have reported that its performance may be surpassed by biomarker-based scores or composite models.'> APACHE II, in use
for over three decades as a benchmark of severity, integrates multiple acute physiological and chronic factors; however, its
application at the bedside is relatively cumbersome and time-intensive.'® In addition, although APACHE II remains valid for
short-term mortality prediction, it is not specific for sepsis and may underestimate acute organ dysfunction associated with
severe infections.'* These shortcomings illustrate the limitations of conventional scores: some are complex or require
numerous data points (restricting their use in emergency situations), while others fail to fully capture mechanisms critical
for prognosis, such as immunosuppression or the impact of comorbidities."”

To address these challenges, research has increasingly focused on serum biomarkers with prognostic potential for outcome
prediction in sepsis. Various biomarkers have been examined individually as potential indicators of sepsis severity, including
procalcitonin (PCT) for bacterial infection, neutrophil-to-lymphocyte ratio (NLR) for systemic inflammation, and the
International Normalized Ratio (INR) for sepsis-related coagulopathy. However, none of these biomarkers alone has provided
sufficient predictive accuracy. Elevated PCT levels are linked with sepsis presence and infection severity, but their prognostic
value for mortality remains modest. A recent study demonstrated that both PCT and C-reactive protein (CRP), interpreted
separately, have limited utility in predicting 30-day mortality, showing no significant association with death in sepsis or septic
shock.'® Likewise, NLR has been investigated as a prognostic marker, with some meta-analyses reporting that elevated values
correlate with worse outcomes (hazard ratio ~1.6-1.7)."" Nevertheless, findings remain inconsistent, with other studies failing
to confirm its predictive value.'' Similarly, an elevated INR reflects coagulopathy and possible disseminated intravascular
coagulation, but by itself does not provide accurate prognostic information.!” The emerging consensus is that no single
biomarker achieves adequate sensitivity and specificity for routine clinical use in diagnosing or prognosticating sepsis.'® The
complexity and heterogeneity of the host response imply that multiple biological indicators are needed to reflect the full
spectrum of disease mechanisms.'”

In recent years, combining biomarkers with clinical scoring systems has been proposed as a strategy to enhance prognostic
accuracy and improve outcome prediction in sepsis.” Several studies have shown that adding laboratory markers to established
scores improves mortality prediction. For example, incorporating serum lactate, PCT, or CRP values alongside SOFA led to
a more accurate risk estimation than SOFA alone.?' Similarly, including parameters such as hypoalbuminemia or the inflam-
matory mediator heparin-binding protein (HBP) improved the predictive performance of SOFA-based models.** A multicenter
investigation further confirmed that merging clinical scores (SOFA with APACHE II) and biomarkers (eg, albumin) yields
superior mortality prediction compared to either parameter individually.>* Pre-existing comorbidities also play a significant role:
the Charlson Comorbidity Index (CCI), although less predictive on its own than severity scores,”* can complement them
effectively. In a prospective cohort, a model combining PCT, SOFA, and CCI demonstrated the strongest prediction of 28-day
mortality with an area under the curve (AUC) of 0.943, outperforming each factor individually.>> These findings suggest that
aggregating information on infection and inflammation (PCT, NLR), organ dysfunction (SOFA), coagulation status (INR), and
comorbidity burden (CCI) provides a more accurate representation of disease severity and prognosis in sepsis.

Based on these considerations, in the present study we developed two composite bioscores (BIO-S — BIOmarkers: PCT,
NLR, INR + SOFA, and BIO-SC — BlOmarkers: PCT, NLR, INR + SOFA + CCI), intended to address the shortcomings of
existing tools by offering greater accuracy in stratifying sepsis severity and predicting prognosis, with emphasis on short-term
mortality. The BIO-S bioscore integrates four key elements: PCT (marker of bacterial infection), NLR (indicator of immune
inflammatory response), INR (marker of coagulopathy), and the SOFA score (assessment of organ dysfunction). The BIO-SC
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bioscore extends BIO-S by adding the Charlson Comorbidity Index (CCI), thereby incorporating the impact of pre-existing
chronic conditions on the outcome of septic patients.

This research sought to analyze the prognostic performance of two recently developed composite bioscores compared
with conventional clinical tools in predicting 28-day mortality among surgical patients with sepsis or septic shock. By
integrating inflammatory biomarkers with severity scores and comorbidity measures, these bioscores aim to enhance risk

stratification and support more accurate prognostic assessment in sepsis management.

Materials and Methods
Study Design and Population

This retrospective, observational study included 125 adult patients admitted with sepsis or septic shock to the surgical
wards of the “Sf. Apostol Andrei” County Emergency Clinical Hospital (Galati, Romania) between January 2020 and
December 2021. As this was a retrospective cohort study, no a priori sample size calculation was performed. Instead, the
study included all consecutive adult surgical patients with sepsis or septic shock who met the eligibility criteria during the
study period, so the final sample size reflects the full eligible surgical case load of our center.

Diagnosis of sepsis and septic shock followed the Sepsis-3 criteria, with sepsis requiring an acute >2-point SOFA
increase and septic shock requiring vasopressors to maintain MAP >65 mmHg and lactate >2 mmol/L despite adequate
fluid resuscitation."

Clinical and laboratory data were retrospectively extracted from the hospital electronic medical records and the
Laboratory Information System (LIS), using anonymized identifiers and only after obtaining institutional ethics approval.

Inclusion criteria were: adult patients (>18 years) admitted to surgical wards with confirmed sepsis or septic shock of surgical
etiology (eg, postoperative peritonitis, intra-abdominal infection, or trauma-related sepsis) according to Sepsis-3 criteria at
admission, availability of complete clinical and paraclinical data within the first 24 hours, and a 28-day follow-up period.

Exclusion criteria were: non-surgical sepsis cases, medical (non-operative) admissions, death within 72 hours of
surgery, conservative (non-operative) management, prior antibiotic therapy exceeding 24 hours, ongoing chemotherapy,
chronic dialysis, or immunosuppressive treatment.

Importantly, the exclusion of patients receiving ongoing chemotherapy or chronic dialysis referred only to active
cytotoxic treatment and maintenance renal replacement therapy. Patients with a history of malignancy or chronic kidney
disease not yet requiring dialysis remained eligible and were included in the cohort, and their chronic conditions were
captured within the Charlson Comorbidity Index and comorbidity categories.

For each patient, clinical variables (SOFA score, APACHE II score, clinical status at admission), laboratory biomarkers
(PCT, NLR, and INR), and comorbidity indices (Charlson Comorbidity Index, CCI) were recorded. SOFA and APACHE II
scores were calculated at the time of surgical ward admission, prior to ICU transfer or initiation of vasopressor therapy. All
biomarkers used to construct the bioscores (PCT, NLR, INR) were obtained at the time of surgical ward admission in the first
6 hours of admission. The Charlson Comorbidity Index (CCI) was calculated at surgical ward admission, based on
documented pre-existing comorbidities. Comorbidities included cardiovascular disease (eg, hypertension, ischemic heart
disease, heart failure), cerebrovascular disease (eg, stroke or transient ischemic attack), psychiatric disease (eg, epilepsy,
dementia, bipolar disorder), metabolic disorders (eg, diabetes mellitus), chronic respiratory disease (eg, COPD), chronic
kidney disease, chronic liver disease, and oncologic disease (solid tumors or hematological malignancies).

In this study, we analyzed only those biomarkers that were systematically recorded in the LIS for all included patients
(procalcitonin, NLR, INR). Other biomarkers, such as lactate or presepsin, are not performed within the hospital’s
clinical laboratory and are not automatically transmitted to the LIS. These analyses are carried out exclusively in the ICU
at the bedside using point-of-care devices, without standardized integration into the clinical laboratory workflow.

The primary endpoint of the study was 28-day all-cause mortality among patients diagnosed with sepsis or septic
shock. Mortality and survival status were determined based on hospital records and follow-up data obtained from
outpatient visits or scheduled check-ups within 28 days after admission. Patients who survived beyond 28 days were
censored at that time point for survival analysis.
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All patients were screened for SARS-CoV-2 infection prior to surgical admission according to institutional protocols.
No patients included in the final cohort had active COVID-19 infection at admission, and therefore COVID-related
respiratory failure did not contribute to SOFA scores or outcomes.

The study was conducted and reported in accordance with the RECORD (REporting of studies Conducted using
Observational Routinely-collected health Data) statement, which extends the STROBE guidelines for observational
studies. The completed RECORD checklist is provided as Supplementary File 1.

Creation of the Bioscores
Starting from the premise that sepsis and septic shock involve quantifiable multisystemic dysfunctions, we developed two
combined bioscores (BIO-S and BIO-SC). The biomarkers included in the bioscores were selected based on their
biological relevance in sepsis pathophysiology and their routine availability in clinical laboratories. Therefore, this
study focused on integrating widely measurable parameters into practical composite bioscores.
The BIO-S score was constructed by summing the point values obtained from four parameters (PCT, NLR, INR, and SOFA).
To ensure clinical plausibility and reproducibility, candidate categorical intervals for PCT, NLR and INR were
initially defined based on pathophysiological severity patterns described in sepsis literature and on the empirical
distribution observed in our cohort, then refined through ROC analysis. For PCT, categories (<0.5; 0.5-1.99; 2-9.99;
10-49.9; >50 ng/mL) followed established severity cut-offs frequently used to discriminate bacterial infection and sepsis
severity.>*?” For NLR, categories (1-3.99; 4-5.99; 6-8.99; 9-17.99; >18) were chosen to reflect progressive systemic
inflammatory response, consistent with ranges reported in previous sepsis studies.”®*’ For INR, classes (<1.2; 1.2-1.49;
1.5-1.99; 2-4.99; >5) were designed to represent progressive stages of sepsis-associated coagulopathy, aligned with
definitions used in sepsis-related coagulation scoring systems.>’
Based on these intervals, BIO-S was formulated as follows:

1. PCT — scored from 0 to 4 points (PCT: <0.5=0; 0.5-1.99=1; 2-9.99=2; 10-49.9=3; >50=4);,

2. NLR - scored from 0 to 4 points (NLR: 1-3.99=0; 4-5.99=1; 6-8.99=2; 9—-17.99=3; >18=4);

3. INR - scored from 0 to 4 points (INR: <1.2=0; 1.2-1.49=1; 1.5-1.99=2; 2-4.99=3; >5=4);

4. SOFA score — full scoring adopted according to the original formula (values between 0 and 24 points).

Cut-off intervals were optimized using ROC curve analysis and the Youden index for 28-day mortality prediction. To
ensure robustness and minimize potential overfitting, internal bootstrap validation (1000 iterations) was applied, yielding
95% confidence intervals that closely matched the apparent cut-offs. These thresholds demonstrated strong biological
plausibility and consistency with prior evidence, supporting their stability within this cohort. The total BIO-S score
ranged from 0 to 36 points.

The BIO-SC score represents an extension of the BIO-S score by adding a fifth element: the CCI (Charlson
Comorbidity Index), quantified according to the original formula (values between 0 and 37), which integrates the
severity and number of chronic comorbidities. Thus, BIO-SC reflects not only the acute severity of the septic process
(through biomarkers and the SOFA score) but also the pre-existing comorbidity burden, resulting in values ranging from
0 to 73 points.

For clinical interpretability, BIO-S and BIO-SC risk categories (low, moderate, high) were defined using a combined
approach: (I) the ROC-derived optimal cut-off (Youden index) for 28-day mortality to identify the transition to the high-
risk stratum, and (II) Cox-derived hazard gradients, whereby each 1-point increase in BIO-S and BIO-SC increased the
28-day mortality hazard by approximately 28-29%. This procedure enabled clinically meaningful stratification of
continuous scores into risk bands without relying on post-hoc mortality distribution.

Statistical Analysis

Statistical analyses were performed using SPSS software version 26.0 (IBM Corp., Armonk, NY, USA). Data distribution
was assessed with the Kolmogorov—Smirnov and Shapiro—Wilk tests. Continuous variables were expressed as mean + SD
for normally distributed data or as median (interquartile range, IQR) for non-parametric data. Between-group differences
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were evaluated using the Student’s f-test or Mann—Whitney U-test, as appropriate, while categorical variables were
compared using the y* or Fisher’s exact test. The prognostic performance of BIO-S and BIO-SC for predicting 28-day
mortality was evaluated by receiver operating characteristic (ROC) curve analysis, with calculation of the area under the
curve (AUC), sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). ROC-based
optimal thresholds were subsequently verified using the Youden index (J = sensitivity + specificity — 1) for 28-day
mortality. AUCs were compared between bioscores and conventional clinical scores (SOFA, APACHE II) using the
DeLong test. Internal validation was performed via bootstrap resampling (1000 iterations) to estimate optimism-corrected
AUCs and 95% ClIs. Pearson’s correlation coefficients were used to examine linear associations between bioscores and
discharge outcomes. Survival was analyzed using Kaplan—-Meier curves based on risk categories (low, moderate, and
high) defined by BIO-S and BIO-SC thresholds, with differences tested by the log-rank method. BIO-S and BIO-SC risk
category thresholds were defined using ROC-derived optimal cut-offs (Youden index) for 28-day mortality. Proportional
hazards Cox regression models were applied to assess the independent association of each score with 28-day mortality,
reporting hazard ratios (HRs) and 95% confidence intervals (Cls). The initial multivariable model included BIO-S, BIO-
SC, SOFA, APACHE II, septic shock status, age, sex, and the Charlson Comorbidity Index (CCI). Given that septic
shock status may be collinear with severity scores and with the proposed bioscores, as it represents a clinical marker of
acute severity, a backward stepwise elimination procedure was applied to reduce collinearity and informational overlap
between variables and to retain only predictors with independent prognostic contribution. CCI was evaluated both as an
independent covariate and as a component of the composite BIO-SC model. Model calibration was examined using the
Hosmer—Lemeshow goodness-of-fit test, Brier score, and visual inspection of calibration plots comparing predicted
versus observed 28-day mortality. All statistical tests were two-tailed, and p < 0.05 was considered statistically
significant.

Results

The cohort included 125 patients, diagnosed at admission with sepsis (n = 35; 28%) or septic shock (n = 90; 72%). Out of the
125 patients, 70 (56%) were discharged in improved condition and 55 (44%) died. Among the deceased, 15 (12% of the total
cohort; 42.9% of the sepsis group) were initially admitted with sepsis, and 40 (32% of the total cohort; 44.4% of the septic
shock group) with septic shock. At 28 days, overall mortality reached 36% (45 out of 125 patients). The 28-day mortality was
31.43% (11 out of 35) among patients with sepsis and 37.78% (34 out of 90) among those with septic shock. The annual
distribution of cases was 27 (21.6%) in 2020 and 98 (78.4%) in 2021, with the lower frequency in 2020 attributed to the onset
of the COVID-19 pandemic, during which a significant decrease in surgical admissions was recorded. Age ranged between 22
and 89 years; the mean age (£SD) was 65.14+14.75 years overall, 64.77+15.68 in the sepsis group, and 65.28+14.46 in the
septic shock group. Sex distribution indicated a male predominance (n=70; 56%) compared to female (n=55; 44%), while the
place of residence was balanced (urban n=62; 50.4% vs rural n=63; 49.6%). Baseline demographic and clinical characteristics
of the study population are summarized in Table 1.

Chronic comorbidities were highly prevalent in this surgical sepsis cohort. The most common category was
cardiovascular disease, present in 63 out of 125 patients (50.4%), followed by diabetes mellitus (30/125, 24.0%),
oncologic disease (20/125, 16.0%), cerebrovascular disease (16/125, 12.8%), chronic kidney disease (16/125, 12.8%),
chronic liver disease (16/125, 12.8%), psychiatric or neurologic disorders (13/125, 10.4%), and chronic respiratory
disease (6/125, 4.8%). Only 18 patients (14.4%) had no recorded chronic comorbidities. When stratified by outcome,
cardiovascular disease was present in 44.3% of survivors and 58.2% of non-survivors, while diabetes mellitus was
documented in 22.9% versus 25.5%, respectively. Cerebrovascular disease occurred in 7.1% of survivors and 20.0% of
non-survivors, and psychiatric/neurologic disorders in 7.1% versus 14.5%. Oncologic disease was identified in 11.4% of
survivors and 21.8% of non-survivors, whereas chronic liver disease was present in 10.0% vs 16.4%, and chronic kidney
disease in 12.9% vs 12.7%. Chronic respiratory disease was less frequent in both groups (2.9% vs 7.3%). Although
cerebrovascular and oncologic comorbidities tended to be more frequent among non-survivors, no individual comorbidity
category reached statistical significance in the survivors versus non-survivors comparison (all p > 0.05; Table 2).

The majority of patients were admitted to the Department of General Surgery (n = 81, 64.8%), followed by Urology
(n = 21, 16.8%), Thoracic Surgery (n = 9, 7.2%), Gynecology (n = 5, 4.0%), and smaller proportions from Vascular
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Table | Baseline Characteristics of the Study Population

Variable Total Sepsis Septic Shock
(n = 125) (n = 35, 28%) (n =90, 72%)

Sex, n (%)

Male 70 (56.0) 21 (60.0) 49 (54.4)

Female 55 (44.0) 14 (40.0) 41 (45.6)

Age, years (mean * SD) 65.14 + 14.75 64.77 £ 15.68 65.28 + 14.46

Residence, n (%)

Urban 62 (49.6) 17 (48.6) 45 (50.0)

Rural 63 (50.4) 18 (51.4) 45 (50.0)

Clinical status at admission, n (%)

Sepsis 35 (28.0) — —

Septic shock 90 (72.0) — —

Discharge outcome, n (%)

Survivors (discharged improved) 70 (56.0) 20 (57.1) 50 (55.6)

Non-survivors (in-hospital deaths) 55 (44.0) 15 (42.9) 40 (44.4)

28-day mortality, n (%) 45 (36.0) I (31.4) 34 (37.8)

Table 2 Distribution of Chronic Comorbidities in the Survivors and
Non-Survivors

Comorbidity Category | Survivors Non-Survivors | p-value
(n=70) n (%) | (n=55) n (%)
Cardiovascular disease 31 (44.3%) 32 (58.2%) 0.173
Diabetes mellitus 16 (22.9%) 14 (25.5%) 0.729
Cerebrovascular disease 5 (7.1%) 11 (20.0%) 0.052
Psychiatric/neurologic 5 (7.1%) 8 (14.5%) 0.187
Oncologic disease 8 (11.4%) 12 (21.8%) 0.115
Chronic kidney disease 9 (12.9%) 7 (12.7%) 0.992
Chronic liver disease 7 (10.0%) 9 (16.4%) 0.315
Chronic respiratory 2 (2.9%) 4 (7.3%) 0.404
No comorbidities I (15.7%) 7 (12.7%) 0.829

Surgery, Orthopedics, and Otorhinolaryngology (n = 3, 2.4% each). Regarding the anatomical site of infection, the most
frequent localization was abdominal (n = 67, 53.6%), followed by urinary tract (n = 20, 16.0%), soft tissue or cutanecous/
subcutaneous infections (n = 13, 10.4%), pulmonary (n = 11, 8.8%), anorectal (n = 6, 4.8%), pelvic/genital (n = 5, 4.0%),
and ear—nose—throat (n = 3, 2.4%) sites. A detailed distribution of infection sites among survivors and non-survivors is
presented in Table 3. This cohort consisted exclusively of surgical patients with sepsis or septic shock, which

characterizes the present dataset as a derivation cohort rather than a validation cohort.
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Table 3 Distribution of Infection Sites Among Survivors and Non-Survivors

Infection Site (Anatomical Localization) | Total n (%) | Survivors n (%) | Non-Survivors n (%)
Abdominal 67 (53.6) 38 (54.3) 29 (52.7)

Urinary tract (urosepsis) 20 (16.0) 13 (18.6) 7(12.7)

Soft tissue/cutaneous/subcutaneous 13 (10.4) 9 (12.9) 4 (7.3)

Pulmonary Il (88) 5(7.1) 6 (10.9)

Anorectal 6 (4.8) 3(43) 3 (5.5)

Pelvic/genital 5 (4.0) 2 (2.9) 3 (5.5)

ENT (Ear—nose—throat) 3(24) 2 (2.9) 1 (1.8)

Total 125 (100) 70 (56.0) 55 (44.0)

We analyzed the means and standard deviations of PCT, NLR, INR, and SOFA score at admission, in the total cohort and in
both groups, as shown in Table 4. As SOFA values were non-normally distributed, we additionally report the median and
interquartile range, which were 6 (IQR 3-9) for the overall cohort, 6 (IQR 2.5-9) in sepsis, and 6 (IQR 3-9) in septic shock.

To assess the prognostic contribution of individual biomarkers, we also stratified patients by 28-day survival status. In
addition to ROC-based analyses, we compared admission biomarker values between survivors and non-survivors.
Median PCT levels at admission were similar in survivors and non-survivors (26.77 [IQR 8.78-42.48] vs 18.27 [IQR
9.09-32.77] ng/mL, p = 0.662), and the same held true for the neutrophil-to-lymphocyte ratio (11.21 [7.56-20.76] vs
12.15 [6.46-20.55], p = 0.750). By contrast, INR measured early in the postoperative or ICU stay was significantly
higher in non-survivors than in survivors (2.39 [1.56-3.08] vs 1.51 [1.30-1.78], p < 0.001), supporting the prognostic
relevance of sepsis-associated coagulopathy (Table 5). These findings are consistent with the ROC results, where PCT,
NLR and especially INR displayed significant but individually imperfect prognostic accuracy, and they further under-
score the rationale for integrating these markers into composite bioscores.

Table 4 Descriptive Statistics for the Biomarkers PCT, NLR, INR, and SOFA Score

Variable Total Patients Sepsis Septic Shock

(Mean t SD; Median (IQR))

(Mean t SD; Median (IQR))

(Mean t SD; Median (IQR))

PCT (ng/mL)

30.54 + 41.78; 23.45 (8.75-39.62)

5.98 *+ 2.2; 4.48 (2.95-5.09)

40.09 + 45.84; 25.48 (16.67—42.09)

NLR 16.28 + 10.86; 11.38 (7.15-20.93) | 16.82 + 10.78; 10.19 (6.92-20.54) | 16.07 + 10.95; 12.95 (6.42-21.83)
INR 2.04 + 1.0; 11.38 (7.15-20.93) 1.76 + 0.7; 1.55 (1.3-1.86) 2.15 + 1.08; 0.48 (1.77-3.59)
SOFA score | 6.24 + 3.62; 6 (3-9) 622 + 3.68; 6 (2.5-9) 625 + 3.62; 6 (3-9)

Table 5 Comparison of Individual Biomarkers Between Survivors and

Non-Survivors

Marker Survivors (n=70) Non-Survivors (n=55) p-value
Median (IQR) Median (IQR)

PCT 26.77 (8.78—42.48) 18.27 (9.09-32.77) 0.662

NLR 11.21 (7.56-20.76) 12.15 (6.46-20.55) 0.750

INR 1.51 (1.30-1.78) 2.39 (1.56-3.08) <0.001
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Based on the score assigned to each patient according to the values of PCT, NLR, INR, and SOFA score, we
calculated the final score, ie, the bioscore value per patient. We next determined the mean values of BIO-S and BIO-SC,
which were markedly higher in patients with septic shock than in those with sepsis. At admission, the mean BIO-S
reached 23.89 + 4.34 in the septic shock group, compared to 12.68 + 4.35 in the sepsis group (p < 0.001). Similarly, the
BIO-SC score was much higher in patients with shock (28.41 + 5.61 vs 16.2 £ 5.53 points in sepsis; p < 0.001). These
descriptive data indicate a considerably higher initial severity in septic shock, captured by the elevated BIO-S and BIO-
SC values, as shown in Table 6.

Table 7 and Figure 1 show the results of the ROC analysis evaluating the prognostic performance of the BIO-S score
for predicting 28-day mortality, where a cut-off of 22 was identified for the entire cohort (AUC = 0.930; sensitivity =
0.945; specificity = 0.743). When analyzed separately by clinical severity, mortality prediction remained consistent, with
optimal cut-offs of 12 for patients with sepsis (AUC = 0.943; sensitivity = 1.00; specificity = 0.850) and 24 for those with
septic shock (AUC = 0.932; sensitivity = 0.900; specificity = 0.880).

Table 8 and Figure 2 present the results of the ROC analysis assessing the prognostic performance of the BIO-SC
score for predicting 28-day mortality, where a cut-off of 28 was identified for the entire cohort (AUC = 0.942; sensitivity
= 0.836; specificity = 0.914). When analyzed separately by clinical severity, mortality prediction remained consistent,
with optimal cut-offs of 15 for patients with sepsis (AUC = 0.958; sensitivity = 0.867; specificity = 0.900) and 29 for
those with septic shock (AUC = 0.947; sensitivity = 0.875; specificity = 0.900).

The prognostic discrimination of the models was slightly attenuated in the aggregated cohort compared to analyses
stratified by clinical severity, for both BIO-SC and BIO-S. Thus, for BIO-SC we obtained an AUC = 0.942 in the entire
cohort, versus 0.958 in the sepsis group and 0.947 in the septic shock group; for BIO-S, AUC = 0.930 in the entire
cohort, compared with 0.943 in the sepsis group and 0.932 in the septic shock group. These differences can be explained
by case heterogeneity and cross-comparisons when pooling data (deaths from septic shock vs survivors from sepsis and
vice versa), which reduce overall score separation—a typical “spectrum effect”. These findings support reporting AUC
values and thresholds stratified by clinical severity (sepsis vs septic shock) and, optionally, estimating a stratum-
standardized AUC, which more accurately reflects intra-group prognostic discrimination. Cut-off values were derived
from ROC analysis, identifying the optimal balance between sensitivity and specificity. These thresholds were subse-
quently applied for Kaplan—Meier risk stratification and Cox regression to evaluate 28-day mortality prediction. Beyond
predictive accuracy, model calibration was evaluated to assess the agreement between predicted and observed mortality
probabilities.

Calibration analysis of the prognostic models (BIO-S and BIO-SC) confirmed good agreement between predicted and
observed 28-day mortality. For BIO-S, the Hosmer—Lemeshow goodness-of-fit test yielded ¥*=4.96 with 8 degrees of

Table 6 Descriptive Statistics for the BIO-S and BIO-SC Scores

Bioscore Total Patients Sepsis Septic Shock
(Mean £ SD) (Mean £ SD) (Mean % SD)

BIO-S 2236 £ 439 12.68 + 4.35 23.89 £ 434

BIO-SC 27.79 £ 5.66 16.20 + 5.53 2841 £ 561

Table 7 Prognostic ROC Analysis of BIO-S for 28-Day Mortality

Variable Cut-Off | AUC (95% CI) Sensitivity (95% Cl) | Specificity (95% CI) | PPV | NPV | p-value
Total patients | 22.0 0.930 (0.904-0.957) | 0.945 (0.844-0.986) | 0.743 (0.629-0.831) | 0.743 | 0.945 | < 0.000!
Sepsis 12,0 0.943 (0.904-0.983) | 1.000 (0.757-1.000) | 0.850 (0.629-0.954) | 0.833 | 1.000 | < 0.000!
Septic shock | 24.0 0.932 (0.893-0.972) | 0.900 (0.762-0.965) | 0.880 (0.757-0.947) | 0.857 | 0.917 | < 0.000!
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Figure | Prognostic ROC curves showing the AUC values of the BIO-S score for predicting 28-day mortality in all patients (A), in patients with sepsis (B), and in those with septic shock (C).
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Table 8 Prognostic ROC Analysis of BIO-SC for 28-Day Mortality

Variable Cut-Off | AUC (95% CI) Sensitivity (95% CI) | Specificity (95% ClI) | PPV | NPV | p-value
Total patients | 28.0 0.942 (0.913-0.971) | 0.836 (0.714-0.913) | 0.914 (0.821-0.963) | 0.885 | 0.877 | < 0.000!
Sepsis 15.0 0.958 (0.958-0.958) | 0.867 (0.606-0.973) | 0.900 (0.684-0.982) | 0.867 | 0.900 | < 0.000!
Septic shock | 29.0 0.947 (0.917-0.977) | 0.875 (0.733-0.949) | 0.900 (0.781-0.960) | 0.875 | 0.900 | < 0.000!

freedom (p=0.76) and a Brier score of 0.127. For BIO-SC, the Hosmer—Lemeshow statistic was x°=6.66 (df=8, p=0.57)
with a Brier score of 0.119, indicating adequate overall calibration for both models.

The prognostic performance analysis showed that both bioscores effectively predicted 28-day mortality, with higher
AUC values reflecting increased mortality risk in patients with more severe disease. The obtained AUCs demonstrate
high accuracy in differentiating mortality risk across severity levels, indicating that BIO-S and BIO-SC consistently
stratify patients according to short-term outcomes. These findings emphasize the potential of both bioscores as practical
tools for prognostic assessment and mortality prediction in sepsis.

We compared AUCs between the BIO-SC score and the other clinical scores using the DelLong statistical test
(approximated by paired #-test), which showed significant differences between BIO-SC and the other scores used in
practice. BIO-SC demonstrated a significantly higher AUC compared to BIO-S (p = 0.00026), SOFA (p = 1.37x10°%),
and APACHE 1I (p = 1.80x10™"), confirming its superior performance in risk stratification and mortality prediction in
patients with sepsis and septic shock (Table 9).

Regarding prognostic value, strong correlations were observed between the BIO-S/BIO-SC scores and patient
outcomes. Both BIO-S and BIO-SC were significantly associated with discharge status, with higher scores being linked
to a greater likelihood of death. The Pearson correlation coefficient between BIO-S and survival was r = 0.739 (p <
0.001), and for BIO-SC r = 0.767 (p < 0.001), indicating a strong (and significant) positive correlation with mortality. In
other words, patients who died had higher initial bioscore values, particularly BIO-SC, which showed the strongest
correlation with discharge status. In addition, BIO-S and BIO-SC were found to correlate strongly with the existing
SOFA and APACHE II scores, reflecting that they measure similar aspects of severity. For example, BIO-S showed the
strongest correlation with the SOFA score (r = 0.94), which is expected given that both primarily reflect acute organ
dysfunction. BIO-SC demonstrated a somewhat weaker correlation with SOFA (r = 0.83), consistent with the addition of
the Charlson Comorbidity Index (CCI), which introduces chronic disease burden into the score and reduces direct
collinearity with acute severity measures.

In the ROC analysis for predicting 28-day mortality, the composite bioscores BIO-SC and BIO-S demonstrated the
highest predictive accuracies, with AUCs of 0.942 (95% CI: 0.913-0.971) and 0.930 (95% CI: 0.904—0.957), respec-
tively. Both scores slightly outperformed the prognostic capacity of SOFA (AUC = 0.928; 95% CI: 0.895-0.961) and, to
a greater extent, that of APACHE II (AUC = 0.918; 95% CI: 0.876-0.959). The differences between the AUCs of BIO-S,
BIO-SC, SOFA, and APACHE II are illustrated in Figure 3. Individual ROC analyses for the main biomarkers included
in the composite models showed that procalcitonin (PCT) had the highest individual prognostic accuracy (AUC = 0.872;
95% CI: 0.819-0.925), followed by NLR (AUC = 0.801; 95% CI: 0.742-0.859), and INR (AUC = 0.776; 95% CI:
0.711-0.841). Both composite bioscores and all individual biomarkers and conventional scores reached statistical
significance (p < 0.05), with the composite models demonstrating the highest overall predictive accuracy through the
integration of inflammatory, coagulation, and organ dysfunction parameters.

Multivariate Cox regression analysis identified BIO-S and BIO-SC as strong independent predictors of 28-day
mortality (Table 10 and Figure 4). Each 1-point increase in BIO-S was associated with a 28% higher hazard of death
(HR =1.28, 95% CI: 1.11-1.48, p = 0.0006), while each additional point in BIO-SC increased mortality risk by 29% (HR
=1.29, 95% CI: 1.17-1.57, p = 0.0003). Among conventional clinical scores, only SOFA retained statistical significance
(HR = 1.18, 95% CI: 1.02-1.36, p = 0.023), whereas APACHE 11, age, sex, septic shock status, and CCI did not retain
independent associations with mortality after inclusion of the composite bioscores and SOFA and were removed during
the stepwise elimination process (all p > 0.05 for these variables in the initial model). This finding is consistent with the
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Figure 2 Prognostic ROC curves showing the AUC values of the BIO-SC score for pre-dicting 28-day mortality in all patients (A), in patients with sepsis (B), and in those with septic shock (C).
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Table 9 Comparison of AUC Between the BIO-SC and BIO-S, SOFA, and
APACHE Il Using the DelLong Test

Comparison t (Statistic) | p-value Interpretation

BIO-SC vs BIO-S 3.76 0.00026 Significant difference
BIO-SC vs SOFA 5.08 1.37x10°® | Significant difference
BIO-SC vs APACHE Il | 9.11 1.80x10°'® | Highly significant difference

expected clinical collinearity between septic shock status, global severity scores, and the composite bioscores. These
results demonstrate that BIO-S and BIO-SC provide superior prognostic value compared with traditional clinical scores.

Risk stratification thresholds for BIO-S and BIO-SC were defined using ROC-derived optimal cut-offs (Youden
index) for 28-day mortality, and the resulting low, moderate, and high-risk categories exhibited clear mortality gradients
within the cohort (Tables 11 and 12).

The 28-day survival analysis in the entire cohort, performed with Kaplan—-Meier curves (Figures 5 and 6) based on
risk groups defined by BIO-S and BIO-SC values, showed significant differences between risk categories (log-rank p <
0.001). Survival decreased progressively from low-risk to high-risk groups, confirming the value of risk stratification
based on the bioscores. For example, patients classified as high-risk by BIO-S (score > 24) had significantly reduced
survival, with observed mortality ranging from 57—100%, compared with nearly 0% in the no-risk group (score 0-2).
A similar pattern was seen with BIO-SC, where high-risk patients (score > 29) had mortality between 59-100%, while
those in the low-risk category (score 0—2) showed almost no deaths. These data clearly illustrate the ability of BIO-S and
BIO-SC to stratify patients according to prognosis and to identify those at higher risk of adverse outcomes.

The newly developed BIO-S and BIO-SC scores have proven to be valuable tools in the prognostic assessment of
patients with sepsis and septic shock. They demonstrate superior performance compared with classical scores such as
SOFA and APACHE II in predicting 28-day mortality. BIO-SC, which integrates chronic comorbidities (CCI) alongside
inflammatory biomarkers and organ dysfunctions, showed the best overall prognostic accuracy. Nevertheless, BIO-S,
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Figure 3 Comparison of AUC for all scores evaluated in the study.
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Table 10 Coefficients and Standard Errors (SE) for the BIO-S and BIO-SC Scores

Covariate Hazard Ratio (HR) | 95% CI of HR | Standard Errors (SE) | p-value
BIO-S 1.28 I.11-1.48 0.07 0.0006
BIO-SC 1.29 1.17-1.57 0.05 0.0003
SOFA 1.18 1.02-1.36 0.07 0.0231
APACHE I 1.03 0.98-1.08 0.03 0.2606
Septic shock status | 1.10 0.85-1.43 0.10 0.460
Age 1.0l 0.99-1.03 0.0l 0.120
Sex (male) 1.07 0.82-1.39 0.12 0.640
Ccl 1.05 1.01-1.10 0.02 0.021

based on inflammatory biomarkers and SOFA, also demonstrated strong predictive ability, emphasizing the advantage of
combining biological markers with severity scores. Overall, incorporating these bioscores into the evaluation of septic
patients may enhance risk stratification and support clinical decision-making, highlighting their added prognostic value

compared with traditional tools.

Discussion

Our investigation introduced and assessed two novel bioscores, BIO-S and BIO-SC, aimed at stratifying sepsis and septic
shock patients. They demonstrated consistent prognostic value and outperformed conventional clinical scoring systems in
predicting 28-day mortality and overall outcome accuracy. For example, BIO-SC achieved the highest area under the
ROC curve (AUC = 0.942) for predicting 28-day mortality, closely followed by BIO-S (AUC = 0.930) and the SOFA
score (0.928); in contrast, the APACHE II score had the weakest performance (AUC = 0.918). The superiority of the
BIO-SC score over traditional clinical scores was further supported by the direct statistical analysis of differences
between AUCs. The DeLong test highlighted significant differences in favor of BIO-SC, both compared to classical
scores (SOFA, APACHE II) and compared to BIO-S (its version without CCI). Although the AUC differences between
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Figure 4 Forest plot diagram of Cox regression including the multivariable models BIO-S, BIO-SC, SOFA, and APACHE II.
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Table Il Score and Risk Rate for the BIO-S Score

BIO-S Score

28-day Mortality Risk for the BIO-S Score

0-2

0% (no risk)

3-11

1,0-28,0% (low risk)

12-23

29,0-56,0% (moderate risk)

24 - 36

57,0-100% (high risk)

Table 12 Score and Risk Rate for the BIO-SC Score

BIO-SC Score

28-day Mortality Risk for the BIO-SC Score

0-2

0% (no risk)

3-14

1,0-29,0% (low risk)

15 -28

30,0-58,0% (moderate risk)

29-73

59,0-100% (high risk)

the proposed bioscores and SOFA were relatively small, the consistent trend was in favor of BIO-SC, suggesting that it

captures additional prognostic factors beyond traditional scores. It is noteworthy that the differences with APACHE 11

were the most pronounced, indicating that composite scores based on biomarkers, organ dysfunction, and comorbidities

may replace or even surpass older, more general models. This finding is consistent with recent literature showing that

combining multiple biomarkers into a composite score can outperform classical scoring systems in predicting mortality in

septic patients.?>>>-!
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Figure 5 Kaplan—Meier survival curves for 28-day mortality according to BIO-S risk stratification in patients with sepsis and septic shock.
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Kaplan-Meier Survival Curve at 28 Days (BIO-SC)
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Figure 6 Kaplan-Meier survival curves at 28 days according to BIO-SC risk stratifica-tion in patients with sepsis and septic shock.

The selection of biomarkers for the BIO-S and BIO-SC models was guided by their complementary pathophysiolo-
gical roles and practical clinical availability. Procalcitonin (PCT) was included because it remains the most validated
indicator of systemic bacterial infection and sepsis severity, reflecting cytokine-mediated activation of the CALC-1 gene
during infection. The neutrophil-to-lymphocyte ratio (NLR) captures the dynamic balance between innate immune
activation and adaptive immune suppression, serving as an integrative marker of immune dysregulation and cellular
stress. INR reflects sepsis-induced coagulopathy, a frequent consequence of systemic inflammation and endothelial
injury. Compared with fibrinogen or D-dimers, INR offers greater standardization, is routinely available in all hospital
laboratories, and correlates directly with the degree of hepatic and endothelial dysfunction.

In addition to pathophysiological relevance, the selection of biomarkers also considered their standardized analytical
availability within the laboratory workflow. In our center, these parameters (PCT, NLR, and INR) are processed in the
clinical laboratory, automatically integrated into the LIS, and subjected to internal quality control procedures. By
contrast, other biomarkers potentially useful in sepsis, such as lactate or presepsin, are measured selectively using point-
of-care devices in the ICU, without LIS integration and without continuous quality control programs, which limits their
use in retrospective models. In this regard, the absence of lactate or presepsin does not reflect a conceptual exclusion but
rather the realities of local analytical infrastructure. For future research, other bioscore models may incorporate
biomarkers such as lactate or presepsin, either alongside the current parameters or replacing some of them when the
analytical infrastructure allows, although their inclusion should prioritize parameters processed in clinical laboratories
with quality control systems in order to preserve the prognostic validity of the models.

From a practical perspective, CRP (although widely accessible) was excluded because of its limited specificity in
bacterial infections and elevation in non-infectious inflammatory states, while novel biomarkers such as presepsin (PSP),
although promising, are not yet available in our laboratory. Together, these markers address three major biological axes
of the septic response: infection and inflammation (PCT), immune dysregulation (NLR), and coagulation—organ failure
interaction (INR). Their integration within the BIO-S model, and subsequent expansion through comorbidity burden in
BIO-SC, was designed to provide a multidimensional reflection of sepsis severity and mortality risk, rather than reliance
on a single biomarker.
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Indeed, the concept of combining multiple biomarkers to improve predictive accuracy is supported by numerous studies.
For example, Liu et al reported that a simple bioscore combining procalcitonin (PCT), B-type natriuretic peptide (BNP), and
lymphocyte percentage significantly increased the prognostic accuracy for postoperative sepsis (AUC = 0.914), surpassing
each biomarker individually.? Similarly, Gibot et al developed a bioscore based on three biomarkers (neutrophil CD64 index,
PCT, and sTREM-1), which demonstrated high prognostic performance for sepsis outcomes, superior to any single marker,
and validated these results in an external patient cohort.>* Sakyi et al proposed a bioscore composed of presepsin, PCT, and hs-
CRP, evaluated in a case—control study on pediatric patients, where the AUCs were 0.787 (PCT), 0.784 (hs-CRP), and 0.748
(presepsin). Combined biomarkers modestly improved prognostic discrimination, with the pair PCT + hs-CRP showing the
best predictive value (AUC = 0.801), while the triplet PCT + sCD14-ST + hs-CRP yielded a slightly lower AUC (0.770).**
Rondovi¢ et al monitored serum biomarkers at three time points (days 1, 3, and 5) and compared both individual biomarkers
and clinical scores (SOFA, SAPS II, APACHE II) in an adult cohort with secondary sepsis. Presepsin predicted outcomes
from day 1 (AUC =0.670), and on day 3, presepsin, MPV, and lactate had AUCs 0of 0.716, 0.667, and 0.642, respectively. The
composite bioscore (presepsin + MPV + lactate) on day 3 achieved an AUC of 0.820, outperforming both individual
biomarkers and established clinical scores.*

By comparison, our bioscores showed high prognostic accuracy for 28-day mortality, comparable or superior to
previous bioscore models, which often focused on early sepsis diagnosis rather than mortality prediction. Zhang et al
proposed a composite model conceptually similar to BIO-SC, integrating CCI, SOFA, and PCT, which, in a cohort of 118
ICU patients with sepsis, proved superior to classical scoring systems and individual inflammatory markers. The
individual AUCs were 0.712 (CCI), 0.801 (SOFA), and 0.889 (PCT), while the combined model (CCI + SOFA +
PCT) reached an AUC of 0.943 (sensitivity 91.7% and specificity 83.0%) for 28-day mortality prediction.”® These results
are remarkably close to our findings for BIO-SC (AUC = 0.942), providing convergent validation that integrating
comorbidities (CCI) with severity scores and biomarkers (eg, PCT) increases the prognostic power for mortality.

Beyond their prognostic value, BIO-S and BIO-SC also correlated strongly with disease severity and organ dysfunc-
tion at admission. As expected, patients who presented with septic shock had significantly higher scores than those with
non-shock sepsis, reflecting the close association between these bioscores and the extent of organ failure. In clinical
application, BIO-S and BIO-SC reliably identified patients at higher risk of poor outcomes, serving as indicators of
increased mortality risk. This ability to capture the severity of the underlying pathophysiological process highlights their
usefulness as early indicators of increased mortality risk, supporting timely clinical prioritization. Notably, other multi-
marker approaches have also demonstrated prognostic relevance in relation to sepsis severity. For instance, a recent study
combining pro-inflammatory cytokines (IL-6, IL-8) and heparin-binding protein (HBP), with or without albumin, showed
improved prognostic accuracy compared with the SOFA score for predicting outcomes in sepsis and septic shock,>®
further supporting the benefit of integrating multiple biological parameters to refine mortality risk prediction.

In our cohort, the individual biomarkers included in the bioscores showed heterogeneous associations with 28-day
mortality when assessed separately. Admission procalcitonin (PCT) and neutrophil-to-lymphocyte ratio (NLR) did not differ
significantly between survivors and non-survivors, reflecting substantial overlap in distribution between outcome groups,
consistent with previous evidence that both markers demonstrate prognostic value at population level but limited stand-alone
discrimination at the bedside.”''° By contrast, INR values measured within the first hours after admission were markedly
higher in non-survivors, highlighting the prognostic relevance of early sepsis-associated coagulopathy.'”*' Taken together,
these findings reinforce the concept that no single biomarker provides sufficient prognostic discrimination, whereas integrat-
ing complementary biological dimensions of sepsis (infection, immune dysregulation, coagulation and comorbidity burden)
into composite bioscores yields markedly improved risk stratification, in line with prior studies evaluating multimarker
approaches.>' 3%

Interestingly, SOFA values at admission were similar between sepsis and septic shock patients in our cohort. This
finding likely reflects the physiological profile of surgical sepsis, where non-cardiovascular organ dysfunction (renal,
hepatic or respiratory) may already be present in severe sepsis without vasopressor requirement, whereas some shock
patients may be admitted earlier with predominant cardiovascular compromise but limited multi-organ involvement. As
SOFA is a composite score that integrates six organ systems, the cardiovascular component alone does not necessarily
increase the total score in shock to a degree that separates it from severe sepsis.
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Comparative analysis also indicated close relationships between our bioscores and existing clinical scores. BIO-S, in
particular, correlated very strongly with the SOFA score (r = 0.94), which was expected since both reflect acute organ
dysfunctions. BIO-SC showed a somewhat weaker correlation with SOFA (r = 0.83), but it surpassed BIO-S in
correlation with patient outcome (discharge status, ie, survival/death). We observed that BIO-SC had a higher Pearson
correlation coefficient with survival compared to BIO-S (r = 0.767 vs r = 0.739), meaning that including the Charlson
Comorbidity Index (CCI) in the calculation of BIO-SC enhanced its prognostic relevance. Compared to BIO-S, the
weaker correlation of BIO-SC with SOFA reflects the fact that SOFA captures only acute organ dysfunction, whereas
BIO-SC incorporates baseline physiological vulnerability through comorbidities. This additional dimension explains why
BIO-SC correlates more strongly with 28-day mortality despite a looser association with SOFA, as confirmed by the
modest increase in AUC (from 0.930 to 0.942) and the higher Pearson correlation with outcome.

Although no single chronic disease category showed a statistically significant association with 28-day mortality, the
cumulative burden of chronic illness contributed to overall prognosis. This effect is captured at the global level by
comorbidity indices such as CCI and incorporated into composite models such as BIO-SC, providing prognostic
information that is independent of acute organ dysfunction. While SOFA reflects short-term physiological failure, CCI
captures chronic baseline vulnerability such as cardiovascular disease, diabetes, malignancy or renal impairment, all of
which modulate a patient’s physiological reserve and ability to recover from sepsis. This is particularly relevant in elderly
surgical patients, in whom mortality frequently reflects the combined impact of sepsis and pre-existing comorbidities
rather than acute organ failure alone. By incorporating CCI, BIO-SC better discriminates patients with limited baseline
reserve, thereby enhancing prognostic accuracy in cohorts where chronic disease burden is a major determinant of
outcome. A recent study showed that in a significant proportion of fatal sepsis cases, pre-existing comorbidities
contributed substantially to mortality, with death solely attributable to sepsis (in the absence of major comorbidities)
being a rare event.’” Therefore, integrating CCI into BIO-SC aligns the score with the clinical reality of elderly patients
with multiple diseases, enhancing the accuracy of mortality risk estimation. BIO-SC succeeds in more faithfully
capturing vital risk, particularly in patients with comorbidities, compared to its version without CCI (BIO-S).
Furthermore, other authors have also sought to improve prognostic prediction by including chronic factors alongside
acute ones; for example, Shukeri et al derived a bioscore combining age, SOFA subscores for the central nervous system
and liver, plus IL-6 at admission, achieving very good performance (AUC = 0.814) for predicting 30-day mortality,*®
which highlights that enriching scores with comorbidity or immune response data can increase their prognostic capacity.

Another important finding is that both bioscores proved to be independent predictors of 28-day survival. In the
multivariate Cox regression model (which included the bioscores simultaneously and accounted for clinical status, sepsis
vs septic shock), only BIO-S and BIO-SC remained significant; each 1-point increase in these scores was associated with
an approximate 28-29% increase in the hazard of death at 28 days. This aspect is particularly relevant: even after
accounting for the presence of septic shock (a well-known major risk factor), the value of the BIO-S/BIO-SC scores
added additional prognostic information. In other words, the bioscores can distinguish patients with more severe
prognosis even within the same clinical category, for example identifying patients with septic shock at extremely high
risk versus those with septic shock at moderate risk, or analogously within the sepsis group. This fine stratification
capacity underscores the practical utility of the scores: they not only reflect severity (like SOFA) but also anticipate
mortality risk more accurately than simply labeling a patient as “septic shock™ or not. In the literature, increasing
emphasis is placed on such stratification tools: Shukeri et al, for example, showed that their new bioscore (included in
multivariate analysis) significantly improved the ability to predict mortality compared to usual scores, indicating that
such a composite index captures risk beyond standard clinical factors.*®

Early prognostic stratification provided by BIO-S and BIO-SC offers a structured overview of disease severity and
expected outcomes, facilitating more consistent clinical decision-making without requiring additional diagnostic
resources. In particular, the clinical implications are especially relevant for BIO-SC. Given its high specificity (0.914)
at the optimal threshold (>28), BIO-SC can function as an effective rule-in tool for identifying patients with substantially
elevated mortality risk who may benefit from early ICU referral, intensified monitoring, or expedited source control.
Conversely, patients classified in the low-risk BIO-SC category exhibited negligible 28-day mortality in our cohort,
suggesting that BIO-SC may also inform de-escalation strategies by identifying low-risk surgical sepsis patients in whom
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aggressive or resource-intensive interventions can be safely avoided. This dual applicability, combining targeted escala-
tion for high-risk patients and potential de-escalation in low-risk strata, underscores the added clinical value of BIO-SC
beyond its discriminatory performance.

The advantage of BIO-S and BIO-SC is that they condense into a single value diverse patient information (clinical
parameters, laboratory values, and comorbidity history), facilitating rapid communication between specialists and
providing an overview of risk. Moreover, these scores could be integrated into hospital electronic systems as decision-
support tools for sepsis management. Given their demonstrated accuracy, BIO-S and BIO-SC are well-suited to be
included as key variables in advanced predictive algorithms for sepsis prognosis and outcome monitoring.
Implementability is high: the scores rely only on standard tests and instruments, can be manually calculated or integrated
into electronic health records (EHR), without advanced infrastructure or opaque algorithms. For instance, an automated
alert system could be implemented to use bioscore values (together with other real-time parameters) to generate alarms of
sepsis worsening before clinical decline becomes evident. Unlike opaque “black-box” prediction models, our scores have
the advantage of clinical interpretability: physicians can easily understand which elements compose the score and how
they contribute to risk, which could increase trust in computer-assisted decisions. In parallel, artificial intelligence and
machine learning—based approaches may incorporate these bioscores or their component variables to enhance prognostic
modeling and individualized risk stratification in sepsis, although such integration remains exploratory pending external
validation.**** In essence, BIO-S and BIO-SC may represent a bridge between clinical score—based medicine and
modern algorithmic approaches, combining high accuracy with ease of use in practice.

This study specifically focused on surgical sepsis, representing patients amenable to source control, a population often
underrepresented in sepsis research but with high clinical relevance for perioperative decision-making. The analysis was
intentionally centered on early evaluation, using parameters available at admission or within the first hours, to enhance the
timeliness of prognostic assessment and therapeutic triage. The proposed bioscores (BIO-S and BIO-SC) integrate routinely
available laboratory markers and clinical scores (PCT, NLR, INR, SOFA, CCI), thus capturing multidimensional aspects of
inflammation, coagulopathy, organ dysfunction, and comorbidity burden. Their prognostic framework allows accurate
estimation of 28-day mortality and risk stratification according to disease severity. The conclusions are reinforced by multiple
complementary analyses (AUROC with confidence intervals, risk-category stratification, Kaplan—Meier survival curves, and
Cox regression models), all supporting the same prognostic consistency and clinical relevance.

Given that the bioscores were developed in a homogeneous surgical sepsis population, the present dataset should be regarded
as a model development (derivation) cohort. Consequently, broader validation in independent cohorts will be required to
determine whether the prognostic thresholds identified in this study remain stable across different sepsis phenotypes.

The existence of actionable thresholds and easily interpretable risk categories (eg, BIO-S > 24; BIO-SC > 29) facilitates
escalation of therapy and intensification of monitoring in appropriate patients. The results are consistent with the literature, which
shows that composite models combining comorbidity, organ dysfunction, and inflammation outperform individual markers, while
the single-center design with homogeneous protocols and Sepsis-3 definitions reduces inter-laboratory variability. Moreover, the
low cost and reproducibility make them relevant even in resource-limited settings, supporting rapid bedside decisions.

The BIO-S and BIO-SC scores have proven to be valuable tools for prognostic risk stratification in surgical sepsis,
demonstrating superior predictive power compared with conventional clinical scores. The inclusion of comorbidities in
the BIO-SC model provided additional prognostic value for mortality prediction, emphasizing the major influence of pre-
existing health status on sepsis outcomes. These findings have important clinical implications, paving the way for
improved management of septic patients, either through the direct use of BIO-S and BIO-SC at the bedside or through
the development of hybrid predictive models that integrate these bioscores with advanced clinical data analytics to more
effectively anticipate and address this critical condition.

To assess the internal robustness of the proposed bioscores, a bootstrap validation procedure was performed with
1000 random resamples of the original dataset. The average optimism-adjusted AUC values for both BIO-S and BIO-SC
differed by less than 0.02 from the apparent AUCs, confirming model stability and suggesting minimal overfitting. This

internal validation supports the reproducibility of the findings within the present cohort.
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Limitations and Future Directions

This study has several limitations that should be acknowledged. First, this is a single-center study restricted to surgical
sepsis patients; therefore, the present cohort should be regarded as a model development dataset rather than a validation
dataset. External multicenter validation, including medical ICU populations, will be required to confirm the reproduci-
bility and stability of the proposed bioscore thresholds across different sepsis settings. A further limitation is that the
optimal prognostic thresholds identified for BIO-S and BIO-SC were derived within the present cohort and may vary
across external populations; therefore, threshold recalibration may be required during future validation. The predomi-
nance of abdominal sepsis and the frequent need for emergency surgical intervention may influence biomarker profiles
differently than in non-surgical sepsis. Similar findings were reported by Liu et al, who analyzed postoperative sepsis and
demonstrated the value of a biomarker-based bioscore in that specific context,’® whereas Yang et al observed distinct
biomarker dynamics in mixed ICU cohorts.*' Second, the study period overlapped with the COVID-19 pandemic, when
limited hospital access and delayed presentation often resulted in more severe disease at admission. This particular
epidemiological context may have affected both patient characteristics and sepsis management, although the associations
between bioscores and prognosis likely remain valid. Third, the cohort contained a relatively high proportion of patients
with septic shock and a modest sample size, which may have attenuated the expected mortality gradient between sepsis
and septic shock. Finally, the bioscore cut-off intervals were derived from both literature data and the distribution
observed within this cohort, without external validation. While internal bootstrap validation supported the model’s
robustness, external multicenter validation remains essential to confirm reproducibility and generalizability across diverse
settings. It is worth noting that Gibot et al conducted external validation for their biomarker-based bioscore, confirming
its robustness in an independent cohort.*

Despite these limitations, the study provides valuable preliminary evidence supporting the prognostic value of the
BIO-S and BIO-SC scores in sepsis and septic shock. To establish their generalizability and clinical applicability, future
prospective multicenter studies should include both surgical and medical ICUs and explore the potential need for
recalibration in different patient populations (eg, varying comorbidity burdens or age profiles). Furthermore, expanding
and refining the bioscore components through integration of novel molecular or genetic biomarkers, as well as analyzing
dynamic trends over time rather than single admission values, could enhance predictive accuracy. In addition, integration
with advanced computational approaches, such as Al-driven predictive algorithms, represents a promising direction for
future validation and clinical implementation.

Conclusion

Individually, the biomarkers evaluated in this study, PCT, NLR and INR, as well as conventional severity scores such as
SOFA and APACHE I, provided only limited and partially overlapping prognostic information, with sepsis-associated
coagulopathy (reflected by INR) showing the clearest separation between survivors and non-survivors. However, when
these parameters were integrated into composite bioscores, their prognostic performance improved substantially. The
BIO-S score, which combines inflammatory biomarkers and organ dysfunction, and particularly the BIO-SC score, which
additionally incorporates comorbidity burden through the Charlson Comorbidity Index, achieved high discriminatory
power for short-term mortality and enabled clinically meaningful prognostic stratification in surgical sepsis.

These findings indicate that composite bioscores that aggregate infection, inflammation, coagulopathy, organ dys-
function and chronic vulnerability offer a more comprehensive depiction of sepsis severity than single biomarkers or
traditional scores alone. In this context, BIO-S and especially BIO-SC can be regarded as practical decision-support tools
for early prognostic assessment in surgical patients with sepsis or septic shock, helping to identify high-risk individuals
who may benefit from early ICU referral and low-risk patients in whom resource-intensive interventions may be avoided.
External multicenter validation will be required to confirm the generalizability of these bioscores and to refine their
thresholds across different sepsis populations.
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