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Background: Accurate prognostication for trauma patients in intensive care units (ICUs) remains challenging. This study investigated
whether incorporating the C-reactive protein-albumin-lymphocyte (CALLY) index into traditional ICU scoring systems could enhance
mortality prediction for trauma patients.

Methods: A retrospective cohort study was performed on 1242 trauma patients hospitalized to a Level I trauma center ICU from
January 1, 2016, to December 31, 2023. The CALLY index was computed using the formula = [albumin (g/dL) x lymphocyte count
(10°/L))/CRP (mg/L) and was incorporated with APACHE II, MPM II, MPM24 II, MPM48 11, and TRISS for predicting mortality
outcomes. The predictive performance was assessed utilizing the area under the receiver operating characteristic curve (AUC).
Results: Integration of the CALLY index with APACHE II resulted in a minimal AUC increase from 0.811 to 0.812. It did not alter
the AUC for MPM II, MPM24 11, or MPM48 II models (0.826, 0.845, and 0.832, respectively). For TRISS, adding the CALLY index
slightly decreased the AUC from 0.731 to 0.725. The calibration curves suggest that adding the CALLY index did not markedly
improve agreement between predicted and actual mortality.

Discussion: Unlike its proven efficacy in chronic conditions, the CALLY index did not significantly enhance mortality prediction in
trauma patients when combined with traditional scoring systems. The reason that CALLY index did not enhance predictive power may
be attributed to the acute, dynamic nature of trauma physiology, which differs from the steady-state conditions observed in chronic
diseases. Further research is required to develop or refine prognostic tools specifically tailored to the unique physiological responses of
trauma patients in ICU settings.

Conclusion: For ICU clinicians, these results imply that the CALLY index provides minimal improvement in mortality risk
assessment for trauma patients.

Keywords: the C-reactive protein-albumin-lymphocyte index, CALLY index, trauma, intensive care unit, ICU, prognostic scoring
systems, mortality

Introduction

The management of trauma patients in the intensive care unit (ICU) can be problematic due to the complicated interplay
of injuries, nutritional condition, and systemic immunoinflammatory reactions, making a clear prognosis to guide therapy
and resource allocation challenging. Conventional trauma outcome assessments, such as the Trauma Score and Injury
Severity Score (TRISS),' ™ and ICU scoring systems, such as the Acute Physiology and Chronic Health Evaluation
(APACHE)** and Mortality Probability Models (MPM),*®” are widely used to predict the outcomes of trauma critical ill
patients in ICU. APACHE 1I is a general critical illness severity score based on acute physiology and comorbidities. It
correlates with mortality risk in trauma ICU patients and offers robust prognostic accuracy.® However, APACHE II is not
trauma-specific and relies on extensive laboratory data, limiting its immediate utility during initial trauma resuscitation.®

MPM 1I is another ICU mortality model calculated at admission (with updates at 24—72 hours) that emphasizes simplicity
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and uses fewer variables.® In a Level I trauma center study, the 24-hour MPM II had the highest discrimination (AUC
0.92) for ICU trauma mortality, outperforming APACHE II and TRISS.* Still, like APACHE, MPM II was developed on
general ICU populations and may overlook trauma-specific factors.* TRISS is a trauma-focused score combining
anatomic injury severity (ISS), physiologic response (RTS), age, and injury mechanism to estimate survival. TRISS is
a longstanding benchmark in trauma outcome prediction, but it relies on limited variables and coefficients derived from
older datasets.” Its accuracy diminishes in patients with extreme injury severity (especially severe neurotrauma), leading
to misprediction of mortality in high-risk groups.” These challenges underscore that trauma prognostication remains
difficult — heterogeneous injury patterns and evolving clinical care can reduce the accuracy of APACHE II, MPM II, and
TRISS in a modern trauma ICU setting.” So far, these models may not effectively comprehend a patient’s nutritional
status and immunoinflammatory response, therefore incorporating such biomarkers (eg with additional clinical and
laboratory variables) into the prediction method may be advantageous.

The C-reactive protein-albumin-lymphocyte (CALLY) index has garnered significant attention as an innovative
biomarker by incorporating three crucial parameters: serum albumin, lymphocyte count, and C-reactive protein (CRP),
thus offering a thorough evaluation of a patient’s nutritional and immunoinflammatory condition.'®'® The standard range
for the C-reactive protein-albumin-lymphocyte (CALLY) index is generally delineated by certain cutoff values that
signify various prognostic implications. A CALLY index below 0.65 correlates with adverse outcomes, including reduced
overall and disease-free survival in individuals with specific malignancies, such as oral cavity squamous cell carcinoma
and hepatocellular carcinoma.'” The CALLY index has been demonstrated to be a significant predictive marker in
patients receiving surgery for cholangiocarcinoma,'® colorectal cancer,'® epithelial ovarian cancer,'” as well as gastric

CancerlZ,ZO 10-16

and serves as a cost-effective and therapeutically pertinent instrument.

Unlike chronic disease processes, trauma triggers a unique acute pathophysiological response. Severe injury causes an
abrupt release of damage-associated molecular patterns and a systemic inflammatory response syndrome (SIRS),
followed closely by a compensatory anti-inflammatory response (CARS).?'? This acute, biphasic immune cascade is
a hallmark of trauma and contrasts with the sustained, low-grade inflammation seen in chronic conditions.”**** Patients
with chronic illnesses (eg advanced malignancy or organ failure) experience persistent immune activation and gradual
nutritional decline over time, which drive prognostic markers like C-reactive protein and lymphocyte count.** By
contrast, trauma’s pathophysiology is dominated by sudden inflammatory and stress responses, and these trauma patients
may undergo hypermetabolism and catabolism, which intensifies nutritional deficiencies and hinders immunological
function, hence complicating recovery.***>° Furthermore, the consequences of traumatic injury may result in problems
such as sepsis, systemic inflammatory response syndrome, and multiple organ dysfunction syndrome.””° It remains
uncertain whether prognostic indices derived from chronic disease cohorts have similar utility in the trauma setting.*>***
Therefore, the potential significance of the CALLY index in enhancing the information that is provided by conventional
ICU scoring methods is noteworthy. The study sought to determine whether the integration of the CALLY index into
current scoring systems like as APACHE II, MPM 11, and TRISS could enhance the predictive accuracy for in-hospital
mortality among trauma patients in the ICU. The research will involve a retrospective analysis of recorded trauma data

spanning eight years at a Level I trauma center.

Methods

Enrollment of Patients and Data Collection

This retrospective study examined medical records from the Trauma Registry System for the period of January 1, 2016, to
December 31, 2023, and it was carried out at a Level I trauma facility in southern Taiwan. The study was approved by the
Institutional Review Board with the number 202401468B0 before to starting. The data of each trauma patient was
prospectively input into the systems by two well-trained accredited nurses following the examination of the responsible
trauma surgeon. The study included all trauma patients who were hospitalized in the ICU. Those patients without CRP or
albumin data were removed from the study cohort. Exclusion criteria include persons without CALLY data, those with
hanging injuries, and individuals with incomplete demographic information. The research methodology involved system-
atically recording patients’ gender, age, comorbidities, Glasgow Coma Scale (GCS) scores, Injury Severity Scores (ISS), and
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in-hospital mortality. The CALLY index was determined by multiplying the albumin level by the lymphocyte count, then
dividing the result by the CRP level as follows: CALLY index = [albumin (g/dL) x lymphocyte count (10°/L)]/CRP (mg/L).30
To evaluate the CALLY index’s predictive power, the study utilized existing mortality prediction models from the trauma
registry database, including APACHE II,> MPM II (at ICU admission),**” MPM24 II (24 hours post-admission), MPM48 II
(48 hours post-admission), and TRISS,' ™ providing a comprehensive comparative analysis of prognostic tools in trauma care.

Statistical Analysis

Statistical analyses were conducted using a combination of R version 4.1.3 and SPSS for Windows version 23.0
(IBM Inc., Chicago, IL, USA). For non-parametric data, the Mann—Whitney U-test was applied, while associations
between categorical variables were assessed using the Chi-square test. Continuous variables were expressed as
median with interquartile range (IQR) to account for potential skewness in the data distribution. The predictive
performance of the models was quantified using the area under the receiver operating characteristic curve (AUC-
ROC), calculated with the pROC package in R. Model calibration was assessed through calibration curves,
calibration intercept, and calibration slope with all parameters computed using the rms package in R. This method
allows for a comprehensive evaluation of each model’s predictive performance and discriminative ability across
various threshold settings. To ensure robust statistical inference, a significance level of a = 0.05 was adopted for
all analyses, with two-tailed p-values below this threshold considered statistically significant.

Results

Study Patient Cohort

Figure 1 illustrates that 3540 trauma patients in the ICU from 2016 to 2023 were selected from the Trauma Registry
System. A total of 1242 trauma patients admitted to the ICU were designated as the study cohort after excluding 7
patients with hanging injuries, 24 patients with incomplete demographic data, and 2267 patients with absent CALLY
data. Out of them, 1090 patients survived, whilst 152 people did not.

Patients and Injury Demographics
There was no difference regarding the sex predominance in the deceased or survival patients (Table 1). Non-survivors were
older (median age 67.50 vs 57.00 years, p<0.001) and had higher severity scores, including APACHE II (median 32.23 vs

Adult trauma patients in the ICU from 2016-2023
(n = 3540)

Excluded:
Patients with hanging injuries: n=7
Patients with unavailable demographic data: n = 24
Patients with absent CALLY data: n = 2267

Study patient cohort
(n=1242)

Death Survival
n=152 n=1090

Figure | Algorithm in the selection of study patient cohort.
Abbreviations: CALLY, the C-reactive protein-albumin-lymphocyte index; ICU, Intensive Care Unit.
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Table | Patients and Injury Demographic in the Deceased and Survival Patients

Variables Death Survival P
n =152 n = 1090
Sex 0.715
Male, n (%) 106 (69.7) 740 (67.9)
Female, n (%) 46 (30.3) 350 (32.1)
Age, years 67.50 [49.50, 79.25] 57.00 [40.00, 70.00] <0.001
APACHE I 32.23 [23.49, 49.68] 14.62 [7.62, 23.49] <0.001
TRISS 0.80 [0.40, 0.91] 0.94 [0.82, 0.97] <0.001
MPM I 33.40 [17.20, 57.02] 11.10 [6.53, 18.78] <0.001
MPM Il 24 24.36 [14.76, 47.88] 7.64 [4.26, 12.97] <0.001
MPM 11 48 26.70 [16.57, 49.99] 9.89 [5.42, 16.45] <0.001
CALLY 1.74 [0.39, 7.15] 1.67 [0.56, 6.94] 0.380
Albumin, g/dL 3.10 [2.60, 3.60] 3.50 [3.10, 3.90] <0.001
Lymphocyte count, 10°/L 1.23 [0.73, 2.45] 1.20 [0.70, 2.18] 0.639
CRP, mg/L 3.82 [0.87, 10.29] 3.90 [0.92, 9.07] 0.893
Comorbidities
CVA, n (%) 8 (5.3) 51 (4.7) 0.909
HTN, n (%) 69 (45.4) 349 (32.0) 0.001
CAD, n (%) 20 (13.2) 91 (8.3) 0.073
CHEF, n (%) 3 (2.0) 7 (0.6) 0.216
DM, n (%) 41 (27.0) 239 (21.9) 0.197
ESRD, n (%) 14 (9.2) 31 (2.8) <0.001
GCS 7.00 [4.00, 11.00] 11.00 [9.00, 15.00] <0.001
ISS 25.00 [17.75, 34.00] 20.00 [16.00, 25.00] <0.001
ICU stay, days 9.00 [4.00, 18.00] 6.00 [4.00, 13.00] 0.003

Note: The continuous data is presented as median [IQR].

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; CAD, coronary artery disease; CALLY,
the C-reactive protein-albumin-lymphocyte index; CHF, congestive heart failure; Cl, confidence interval; CVA,
cerebral vascular accident; CLR, C-Reactive Protein to Lymphocyte Ratio; DM, diabetes mellitus; ESRD, end-stage
renal disease; GCS, Glasgow Coma Scale; HTN, hypertension; IQR, interquartile range; ICU, Intensive Care Unit;
ISS, injury severity score; MPM, Mortality Probability Mo TRISS, Trauma Score and Injury Severity Score.

14.62, p<0.001), lower TRISS (median 0.80 vs 0.94, p<0.001), and higher MPM II scores (all p<0.001). Non-survivors also
exhibited lower albumin levels (median 3.10 vs 3.50 g/dL, p<0.001), lower GCS scores (median 7.00 vs 11.00, p<0.001), and
higher ISS (median 25.00 vs 20.00, p<0.001). Comorbidities such as hypertension (45.4% vs 32.0%, p = 0.001) and end-stage
renal disease (9.2% vs 2.8%, p<0.001) were more prevalent in non-survivors than those survivors. Notably, we observed no
significant differences in lymphocyte count, C-reactive protein levels, or CALLY scores between the deceased and survival

patients. Non-survivors had longer ICU stays (median 9.00 vs 6.00 days, p = 0.003).

Evaluation of Adding CALLY Index to Improve Mortality Prediction Models

As demonstrated in Figure 2, adding the CALLY index to the APACHE II model resulted in a very marginal increase,
with the AUC increasing slightly from 0.811 to 0.812 but not significantly. Furthermore, when assessing the MPM II,
MPM24 11, and MPM48 11 models, the CALLY index integration had no effect on the AUC values, which remained at
0.826, 0.845, and 0.832, respectively. Notably, the TRISS model, which had an initial AUC of 0.731, saw a modest fall to
0.725 after adding the CALLY index. Statistically, these AUC differences (ranging from +0.001 to —0.006) are negligible
and did not reach significance. This suggests that incorporating CALLY failed to enhance the prognostic models’ ability
to distinguish survivors from non-survivors in this trauma ICU cohort. In conclusion, the CALLY index does not
considerably improve the predicted performance of the APACHE II and MPM models, and it may even slightly reduce
the performance of the TRISS model. These results indicate that the CALLY index may not be a universally advanta-
geous addition to all mortality prediction models in trauma care.
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Figure 2 Evaluation of prediction performance by AUC with 95% confidence interval with the addition of the C-reactive protein-albumin-lymphocyte (CALLY) index in the
mortality prediction models.

Calibration Curve of Adding CALLY Index in the Mortality Prediction Models

Figure 3 illustrates calibration curves for five mortality prediction models incorporating the CALLY index. Calibration
reflects how well a model’s predicted mortality probabilities align with actual observed mortality rates. In an ideally
calibrated model, predictions match outcomes across all risk levels (points falling on the 45° line of identity). In these
plots, however, the observed-vs-predicted trends deviate from the ideal line, indicating areas of miscalibration. In these
plots, however, the observed-vs-predicted trends deviate from the ideal line, indicating areas of miscalibration. Notably,
the TRISS + CALLY model appears to under-predict mortality for high-risk trauma patients (its curve falls below ideal at
the high end), while still slightly over-predicting in low-risk groups — a pattern consistent with an overall calibration
slope >1 (indicating underestimation at high risk and overestimation at low risk). The APACHE II and MPM-based
models with CALLY show relatively closer alignment but still exhibit mild miscalibration in extreme risk strata,
suggesting that adding the CALLY index did not markedly improve agreement between predicted and actual mortality.

Discussion

Although the CALLY index has shown significant prognostic value across various cancers
diseases.>? Our study reveals a significant divergence from previous findings, showing that incorporating the CALLY
index into traditional ICU scoring systems (APACHE II, MPM II, MPM24 II, MPM48 II, and TRISS) did not
significantly enhance predictive performance for mortality outcome in trauma patients in the ICU. This contrasts with
its effectiveness in chronic conditions like cancer and COVID-19, likely due to key differences between acute trauma and
chronic diseases. While chronic diseases progress over weeks to months, allowing CALLY components to reach a steady
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Figure 3 The calibration curves for five mortality prediction models incorporating the CALLY index.
Abbreviations: C, Concordance index; Dxy, Somers’ Dxy rank correlation; R?, Nagelkerke's R-squared; Brier, Brier score; APACHE, Acute Physiology and Chronic Health
Evaluation; CALLY, the C-reactive protein-albumin-lymphocyte index; MPM, Mortality Probability Mo TRISS, Trauma Score and Injury Severity Score.

3334 trauma patients experience rapid fluctuations due to immediate interventions.*® The inflammatory response in

state,
trauma is highly variable, depending on injury type and severity,’® and patients have diverse baseline health statuses
suddenly altered by injury. These factors may limit the CALLY index’s ability to capture the complex, dynamic
physiological changes in trauma patients, reducing its effectiveness in this context compared to chronic conditions.

The CALLY index’s prognostic power diverges between chronic illnesses and acute trauma may be attributed by
fundamental differences in pathophysiology. In chronic conditions such as advanced cancers, long-standing infections, or
end-stage organ failure, patients endure persistent systemic inflammation and immune dysregulation over weeks to
months, coupled with gradual nutritional decline.’”>° This results in chronically elevated CRP, hypoalbuminemia, and
lymphopenia, which reach a steady state and reflect disease severity. Therefore, a low CALLY index (high CRP, low
albumin/lymphocyte) strongly predicts worse outcomes in cancers and other chronic diseases, where it signifies ongoing
metabolic-inflammation and immunosuppression. By contrast, severe trauma elicits a swift, biphasic immune response:
an immediate surge of inflammatory mediators followed by a compensatory anti-inflammatory response.**~** This acute
immune whirlwind causes volatile CRP and lymphocyte levels rather than stable changes. Trauma also triggers
hypermetabolism and catabolism, acutely lowering albumin independent of prior nutrition.**** Additionally, life-
saving interventions in trauma such as fluid resuscitation, surgeries, or transfusions may rapidly alter inflammatory
and nutritional parameters. These dynamic immunometabolic shifts prevent the CALLY components from equilibrating,
diminishing its prognostic utility in trauma patients.

Several limitations must be acknowledged when interpreting the findings of this study. The retrospective form of our
study constrains our capacity to control all possible confounding variables and may result in selection bias. Moreover, as
a single-center study, the applicability of our findings to other contexts or populations may be constrained. The exclusion
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of patients without CALLY data, who constituted a significant fraction of the patient group, may introduce selection bias
and undermine the representativeness of our sample. Furthermore, owing to data constraints, CALLY was assessed solely
at admission rather than through time-dependent analysis, precluding examination of dynamic trajectories or temporal
variations (eg, early versus late-phase patterns). Serial assessments of the CALLY index may yield valuable prognostic
insights regarding its evolving predictive utility throughout ICU stay, though such approaches require further validation.
Based on these findings, subsequent research might focus on monitoring variations in the CALLY index during the ICU
admission to enhance comprehension of its predictive significance. Investigating its efficacy within particular trauma
subgroups may uncover domains where it provides substantial benefit. Further investigation and studies of certain
subgroups (such as severe trauma, infection, and comorbidities) may also be beneficial in order to comprehend the
function of the CALLY index in these individuals with severe trauma. Future studies should focus on time-dependent
inflammatory biomarkers and machine-learning—based models with a prospective multicenter validation to enhance
mortality prediction accuracy in trauma ICU populations.

Conclusion

This study demonstrates that the CALLY index, despite its prognostic value in chronic conditions, does not significantly
improve mortality prediction when integrated with traditional ICU scoring systems for trauma patients. The acute and
dynamic nature of trauma physiology may limit the CALLY index’s effectiveness in this context. These findings
underscore the need for continued research to develop or refine prognostic tools specifically tailored to trauma patients’
unique physiological responses in ICU settings, potentially exploring other biomarkers or combinations of existing tools.
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