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Purpose: The C-reactive protein—albumin-lymphocyte (CALLY) index is a composite biomarker reflecting systemic inflammation,
nutritional status, and immune response. Its role in predicting mortality in spontaneous intracerebral hemorrhage (ICH) remains
unclear. This study aimed to evaluate the prognostic performance of the CALLY index for in-hospital mortality in patients with
spontaneous ICH and to compare it with hematoma volume.

Methods: This retrospective study included 74 patients diagnosed with spontaneous intracerebral hemorrhage. Demographic, clinical,
laboratory, and radiological data were analyzed. The CALLY index was calculated using admission serum albumin, C-reactive protein
(CRP), and lymphocyte count. The predictive performance of the CALLY index and hematoma volume for in-hospital mortality was
assessed using receiver operating characteristic (ROC) curve analysis. Optimal cutoff values were determined by the Youden index.
The discriminative abilities of the models were compared using the DeLong test. Incremental prognostic value was evaluated using
Net Reclassification Improvement (NRI) and Integrated Discrimination Improvement (IDI) analyses.

Results: In-hospital mortality occurred in 27% of the patients. CALLY index values were significantly lower in non-survivors
compared to survivors (p=0.015), while hematoma volume was significantly higher in non-survivors (p=0.017). The CALLY index
demonstrated moderate discriminative performance for predicting mortality (AUC: 0.668; p=0.015), with an optimal cutoff value of
0.36 (sensitivity 65%, specificity 69%). Hematoma volume also showed moderate predictive ability (AUC: 0.682; p=0.017), with an
optimal cutoff value of 21 cc (sensitivity 70%, specificity 67%). No statistically significant difference was observed between the two
models (AAUC=0.004; p=1.000). Reclassification analyses indicated minimal incremental prognostic contribution of the CALLY
index (NRI=0.006; IDI=—0.016).

Conclusion: Both the CALLY index and hematoma volume demonstrated moderate and comparable performance in predicting in-
hospital mortality in spontaneous ICH. However, the CALLY index did not provide significant additional prognostic value beyond
hematoma volume. Larger prospective studies are warranted to clarify the role of inflammation-based biomarkers in hemorrhagic
stroke prognosis.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is a severe form of stroke that accounts for approximately 10—15% of all
stroke cases and is associated with high early mortality and substantial long-term disability.! Despite advances in
neurocritical care, outcomes remain poor in a considerable proportion of patients. Early prognostic assessment is
therefore essential for risk stratification and clinical decision-making. Among established predictors, hematoma volume

has consistently been identified as one of the strongest determinants of short-term mortality.”
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Beyond the direct mechanical effects of the hematoma and increased intracranial pressure, secondary biological
mechanisms contribute significantly to neurological deterioration. Experimental and clinical studies have demonstrated
that inflammatory responses, including microglial activation, cytokine release, oxidative stress, and blood—brain barrier
disruption, play a central role in perihematomal injury.* Elevated inflammatory markers such as C-reactive protein (CRP)
have been linked to neurological worsening,” while low serum albumin levels have been associated with poor clinical
outcomes and increased mortality.® Albumin possesses antioxidant and anti-inflammatory properties and may exert
neuroprotective effects.” Furthermore, the interaction between inflammation and nutritional status during acute illness has
been well documented.® Inflammation-based indices, such as the neutrophil-to-lymphocyte ratio, have also been shown to
predict hemorrhagic complications in cerebrovascular disease.”

While hematoma volume is a well-established structural predictor, there remains a need for easily accessible, bedside
biomarkers that may reflect systemic physiological responses and complement imaging-based prognostic tools.

The C-reactive protein—albumin—lymphocyte (CALLY) index is a composite biomarker derived from routine laboratory
parameters that integrates inflammatory burden, immune status, and nutritional condition. Initially introduced as
a prognostic marker in oncological populations,' the CALLY index has subsequently been investigated in acute ischemic
stroke. Previous studies have reported associations between lower CALLY index values and hemorrhagic transformation as
well as unfavorable functional outcomes.'! In patients undergoing endovascular therapy, the CALLY index has also been
identified as an independent predictor of adverse clinical outcomes.'> Compared with single inflammatory markers such as
CRP or neutrophil-to-lymphocyte ratio, the CALLY index integrates inflammatory burden, nutritional status, and immune
response into a single composite parameter, potentially providing a more comprehensive reflection of systemic condition.

However, the prognostic role of the CALLY index in spontaneous intracerebral hemorrhage has not been clearly
established. Given the recognized contribution of inflammatory mechanisms to hemorrhagic brain injury, a composite
inflammation-based marker such as the CALLY index may provide additional prognostic insight. Nevertheless, its
clinical value must be evaluated in relation to established structural predictors, particularly hematoma volume.

Therefore, the present study aimed to assess the prognostic performance of the CALLY index for predicting in-hospital
mortality in patients with spontaneous intracerebral hemorrhage and to compare it directly with hematoma volume.

Methods

This retrospective observational cohort study was conducted at the Department of Neurology, Gaziantep City Hospital.
Medical records of patients admitted with a diagnosis of spontaneous intracerebral hemorrhage were systematically
reviewed. A total of 74 consecutive adult patients with radiologically confirmed spontaneous intraparenchymal hemor-
rhage were included in the analysis.

Patients were eligible if they were aged 18 years or older and had available admission laboratory parameters,
including serum C-reactive protein (CRP), serum albumin, and absolute lymphocyte count. All laboratory measurements,
including CRP, albumin, and lymphocyte count, were obtained within the first 24 hours of hospital admission. Patients
with traumatic intracranial hemorrhage, subarachnoid hemorrhage, epidural or subdural hematoma were excluded. In
addition, individuals with active infection, known malignancy, autoimmune or rheumatologic disease, chronic liver
failure, advanced renal failure, or incomplete clinical or laboratory data were not included in the study. Patients with
incomplete clinical or laboratory data were excluded from the analysis; therefore, no imputation method was applied.

Baseline demographic characteristics, comorbidities, admission vital signs, and neurological findings were recorded
from electronic medical records. Neurological severity at admission was assessed using the National Institutes of Health
Stroke Scale (NIHSS) and the Glasgow Coma Scale (GCS). Hematoma volume was calculated from the initial non-
contrast cranial computed tomography (CT) scans using the ABC/2 method and expressed in milliliters (mL). Hematoma
volume was calculated using the ABC/2 method by two independent neurologists blinded to clinical outcomes. In case of
discrepancy, a consensus was reached.

Laboratory measurements obtained at admission included serum albumin (g/L), CRP (mg/L), and absolute lympho-
cyte count (x10%/L). The C-reactive protein—albumin—lymphocyte (CALLY) index was computed using the following
formula:

CALLY = (serum albumin x lymphocyte count) / (CRP x 10)
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The primary endpoint of the study was in-hospital mortality. Patients were classified into survivor and non-survivor
groups according to their discharge status.

To determine the independent prognostic value of the CALLY index, a multivariable logistic regression analysis was
performed. Variables with p < 0.10 in univariate analysis and clinically relevant parameters (age, NIHSS, GCS, and
hematoma volume) were included in the model. Multicollinearity was assessed using variance inflation factor (VIF), and
variables with VIF > 5 were excluded from the final model.

The study was approved by the Gaziantep City Hospital Non-Interventional Clinical Research Ethics Committee
(Decision date: December 17, 2025; Meeting No: 2025/376).Due to the retrospective design and use of anonymized
patient data, the requirement for informed consent was waived by the ethics committee. All procedures were conducted
in accordance with the ethical standards of the Declaration of Helsinki. Patient confidentiality was strictly maintained
throughout the study.

This study was conducted and reported in accordance with the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics version 25. Continuous variables were described as
mean + standard deviation, whereas categorical variables were summarized as counts and percentages. Distributional
assumptions were assessed using skewness and kurtosis values.

Comparisons between survivors and non-survivors were performed using the independent samples #-test or Mann—
Whitney U-test, depending on data distribution. Categorical variables were analyzed using the chi-square test or Fisher’s
exact test when appropriate.

The ability of the CALLY index and hematoma volume to predict in-hospital mortality was evaluated using receiver
operating characteristic (ROC) curve analysis. The area under the ROC curve (AUC) was calculated with 95%
confidence intervals. Optimal threshold values were determined based on the maximum Youden index. Sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for each model.

Differences between AUCs were examined using the DeLong method. To explore whether the addition of the CALLY
index improved predictive performance beyond hematoma volume, reclassification analyses were conducted using Net
Reclassification Improvement (NRI) and Integrated Discrimination Improvement (IDI). Correlations between continuous
variables were assessed using Pearson or Spearman correlation coefficients as appropriate. A two-tailed p value < 0.05
was considered statistically significant.

Results
A total of 74 patients with spontaneous intracerebral hemorrhage were included in the study. Of these, 41 (55.4%) were
male and 33 (44.6%) were female. In-hospital mortality occurred in 20 patients (27.0%). The mean CALLY index was 2.70.
The overall mean age of the cohort was 60.51 + 18.04 years. At admission, the mean NIHSS score was 10.35 = 7.08 and the
mean Glasgow Coma Scale (GCS) score was 10.67 £ 4.21. The mean length of hospital stay was 15.08 = 14.71 days. The
average hematoma volume was 31.86 £ 39.02 cc. The mean systolic blood pressure was 177.64 = 36.06 mmHg and the
mean diastolic blood pressure was 97.67 £ 16.99 mmHg. Hypertension was the most common comorbidity, present in 53
patients (71.6%), followed by diabetes mellitus in 31 (41.9%), hyperlipidemia in 35 (47.3%), coronary artery disease in 30
(40.5%), and previous stroke in 23 (31.1%). Nineteen patients (25.7%) were active smokers (Table 1).

When patients with in-hospital mortality were compared to survivors, no significant difference was observed in age
(p = 0.883). However, neurological status at admission was significantly worse in non-survivors. The mean NIHSS
score was higher in the non-survivor group (15.00 £ 5.61 vs 8.62 + 6.83; p < 0.001), and the mean GCS score was
significantly lower (5.95 + 3.45 vs 12.42 £ 2.94; p < 0.001). Regarding hemodynamic parameters, systolic blood
pressure did not differ significantly between groups (p = 0.228), whereas diastolic blood pressure was significantly
higher in non-survivors (106.35 + 17.30 vs 94.46 = 15.85 mmHg; p = 0.007). CALLY index values were significantly
lower in non-survivors compared to survivors (2.45 + 7.30 vs 2.80 = 5.15; p = 0.015). Hematoma volume was
significantly greater in the non-survivor group (53.00 + 54.20 cc vs 24.03 £ 28.51 cc; p = 0.017) (Table 2).
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Table | Baseline Demographic and Clinical
Characteristics

Variable Mean £ SD / n (%)
Age (years) 60.51 + 18.04
NIHSS score 10.35 £ 7.08
GCS score 10.67 + 4.21
Length of stay (days) 15.08 £+ [4.71
Hematoma volume 31.86 + 39.02
Systolic BP (mmHg) 177.64 * 36.06
Diastolic BP (mmHg) 97.67 + 16.99
CALLY index 2.70 £ 5.76
Male sex 41 (55.4%)
Female sex 33 (44.6%)
Smoking 19 (25.7%)
Hypertension 53 (71.6%)
Diabetes mellitus 31 (41.9%)
Hyperlipidemia 35 (47.3%)
Coronary artery disease | 30 (40.5%)
Previous stroke 23 (31.1%)

Table 2 Comparison of Clinical Parameters Between Non-Survivors and Survivors

Variable Non-Survivors (n=20) | Survivors (n=54) | p value
Age (years) 60.00 + 19.33 60.70 + 17.79 0.883
NIHSS score 15.00 + 5.61 8.62 + 6.83 <0.001
GCS score 5.95 % 345 1242 + 2.94 <0.001
Systolic BP (mmHg) 186.00 + 33.94 174.55 + 36.62 0.228
Diastolic BP (mmHg) | 106.35 + 17.30 94.46 + 15.85 0.007
Hematoma volume 53.00 + 54.20 24.03 + 2851 0.017
CALLY index 245 %730 280 £5.15 0.015

For the CALLY index, the optimal cutoff value was 0.36, yielding a sensitivity of 65%, specificity of 69%, positive
predictive value (PPV) of 43%, and negative predictive value (NPV) of 84%. ROC curve analysis demonstrated that the
CALLY index had moderate discriminative ability for predicting in-hospital mortality (AUC: 0.668; p = 0.015)
(Figure 1). The overall performance metrics of the CALLY index and hematoma volume are presented in Table 3.

For hematoma volume, the optimal cutoff value was 21 cc, with a sensitivity of 70%, specificity of 67%, PPV of 43%,
and NPV of 85%. ROC analysis indicated moderate discriminative performance (AUC: 0.682; p = 0.017) (Figure 2).

Comparison of the two ROC curves using the DeLong test showed no statistically significant difference between the models
(AAUC = 0.004; p = 1.000), indicating comparable discriminative performance. Reclassification analysis demonstrated minimal
incremental prognostic value of the CALLY index beyond hematoma volume (NRI = 0.006; IDI = —0.016).
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Figure | Receiver operating characteristic (ROC) curve of the C-reactive protein—albumin—lymphocyte (CALLY) index for predicting in-hospital mortality. The area under the
curve (AUC) was 0.668 (p = 0.015), indicating moderate discriminative performance. The optimal cutoff value was 0.36, yielding a sensitivity of 65% and specificity of 69%.

Correlation analysis revealed no significant association between the CALLY index and length of hospital stay,
hematoma volume, NIHSS score, or GCS score.

Multivariable logistic regression analysis was performed to identify independent predictors of in-hospital mortality.
After adjustment for age, sex, NIHSS score, GCS score, hematoma volume, CALLY index, and systolic blood pressure,
lower GCS score and higher hematoma volume remained independently associated with mortality.

An increase in GCS score was associated with a significant reduction in mortality risk (OR=0.323; 95% CI:
0.160-0.651; p=0.002). Similarly, higher hematoma volume was independently associated with increased mortality
risk (OR=1.052; 95% CI: 1.001-1.105; p=0.046). The CALLY index did not retain independent statistical significance
in the multivariable model (p=0.842) (Table 4).

Discussion

In the present study, we investigated the prognostic value of the C-reactive protein—albumin—lymphocyte (CALLY) index
for predicting in-hospital mortality in patients with spontaneous intracerebral hemorrhage and directly compared its
performance with hematoma volume. Our results demonstrated that both parameters exhibited moderate discriminative
ability, and neither showed statistical superiority over the other.

Table 3 Overall Performance Comparison of Mortality
Prediction Models

Outcome | CALLY Model | Hematoma Volume Model
AUC 0.668 0.683

Sensitivity | 0.65 0.70

Specificity | 0.69 0.67

PPV 0.43 0.43

NPV 0.84 0.85
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Figure 2 Receiver operating characteristic (ROC) curve of hematoma volume for predicting in-hospital mortality. The optimal cutoff value was 21 cc, yielding a sensitivity of
70% and specificity of 67%. The area under the curve (AUC) was 0.682 (p = 0.017), indicating moderate discriminative performance.

Spontaneous intracerebral hemorrhage remains a major contributor to global stroke-related mortality and disability."
Among the established determinants of early outcome, hematoma volume has consistently been identified as one of the
strongest predictors of mortality.> Larger hematoma size is associated with increased intracranial pressure, mass effect,
and early neurological deterioration, thereby significantly influencing short-term prognosis. In line with previous
evidence, we observed significantly greater hematoma volumes in non-survivors compared to survivors.

However, the clinical course of ICH cannot be explained solely by mechanical injury. Secondary biological
mechanisms, particularly inflammatory cascades, contribute substantially to neurological deterioration following
hemorrhage.” Microglial activation, pro-inflammatory cytokine release, oxidative stress, and disruption of the blood—
brain barrier are key components of perihematomal injury.* Elevated CRP levels have been associated with worsening
neurological status and poor clinical outcomes,” while hypoalbuminemia has been linked to increased mortality in
cerebrovascular disease.® Albumin is known to possess antioxidant and anti-inflammatory properties and may exert
protective effects in acute brain injury.’” Additionally, the interaction between systemic inflammation and nutritional

Table 4 Multivariable Logistic Regression Analysis for Predictors of in-Hospital

Mortality
Variable p(B) | SE OR (Exp(B)) | 95% CI p value
Age —0.028 | 0.044 | 0.973 0.892-1.060 | 0.528
Sex —3.048 | 1.838 | 0.047 0.001-1.739 | 0.097
NIHSS —0.282 | 0.155 | 0.754 0.557-1.021 | 0.068
GCs —1.131 | 0.358 | 0.323 0.160-0.651 | 0.002
Hematoma volume | 0.050 0.025 | 1.052 1.001-1.105 | 0.046
CALLY index —-0.026 | 0.129 | 0.975 0.757-1.255 | 0.842
Systolic BP 0.030 | 0.028 | 1.030 0.975-1.088 | 0.287

Notes: Bold values indicate variables that remained statistically significant in multivariable analysis
(p < 0.05).
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status during acute illness has been well documented.® Inflammation-based hematological indices, such as the neutrophil-
to-lymphocyte ratio, have also been reported to predict hemorrhagic complications and unfavorable outcomes.”

The CALLY index integrates CRP, albumin, and lymphocyte count into a composite marker that reflects inflammatory
burden, immune competence, and nutritional status. Initially introduced in oncological research as a prognostic
indicator,'® the CALLY index has subsequently been evaluated in acute ischemic stroke. Lower CALLY index values
have been associated with hemorrhagic transformation and unfavorable functional outcomes,'' and independent prog-
nostic significance has been reported in patients undergoing endovascular therapy.'? These findings support the biological
plausibility of the CALLY index as a marker of systemic inflammatory response in cerebrovascular disease.

In our cohort, the CALLY index demonstrated moderate predictive performance for in-hospital mortality but did not
outperform hematoma volume. This finding may be explained by the dominant influence of structural injury in the early
phase of ICH. While inflammatory processes undoubtedly contribute to secondary brain damage, hematoma volume
remains the principal determinant of acute mortality. The limited incremental value observed in reclassification analyses
further suggests that inflammation-based biomarkers may complement—but not replace—established structural predictors.

Another potential explanation for the absence of superiority of the CALLY index lies in the complexity of
inflammatory dynamics in hemorrhagic stroke. Single time-point laboratory measurements may not fully capture the
evolving inflammatory response. Serial assessment of inflammatory biomarkers might provide additional prognostic
insight, an aspect that was not addressed in the present study.

Conclusion

In this study, we evaluated the prognostic performance of the C-reactive protein—albumin—lymphocyte (CALLY) index
for predicting in-hospital mortality in patients with spontaneous intracerebral hemorrhage and compared it with
hematoma volume. Both the CALLY index and hematoma volume demonstrated moderate discriminative ability for
mortality prediction. However, no statistically significant difference was observed between the two models, and the
incremental prognostic contribution of the CALLY index beyond hematoma volume was limited. These findings suggest
that structural factors such as hematoma volume may play a major role in early mortality; however, this interpretation
should be considered cautiously given the absence of multivariable adjustment.

Study Limitations

This study has several limitations. First, its retrospective and single-center design may introduce selection bias and limit
the generalizability of the findings. Second, the relatively small sample size may have reduced the statistical power to
detect subtle differences between models. In addition, long-term functional outcomes were not evaluated, and dynamic
changes in the CALLY index were not assessed through serial measurements. These factors may have limited a more
comprehensive understanding of the prognostic role of inflammation over time. Nevertheless, the limited number of
studies investigating the CALLY index in spontaneous intracerebral hemorrhage supports the originality and clinical
relevance of our findings. Importantly, multivariable analysis demonstrated that the CALLY index did not retain
independent prognostic significance after adjustment for established clinical and radiological predictors.
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