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Abstract

Background/Objectives: Systemic inflammation and nutritional status influence cancer
progression and prognosis. The C-reactive protein–albumin–lymphocyte (CALLY) index
is a novel biomarker reflecting inflammation, immune response, and nutritional status;
however, its prognostic value in metastatic hormone-sensitive prostate cancer (mHSPC) re-
mains unclear. Methods: This retrospective multicenter cohort study included 159 patients
with de novo mHSPC diagnosed between January 2018 and April 2025. Baseline CALLY,
neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammation index (SII), and
systemic inflammation response index (SIRI) were calculated. Results: The optimal CALLY
cut-off was 0.58. A low CALLY was associated with significantly shorter progression-free
survival (PFS) and overall survival (OS). It correlated with higher tumor burden, higher
Gleason grade, elevated prostate-specific antigen levels, and poorer performance status. In
univariate analysis, a low CALLY predicted worse OS (HR 5.20; p = 0.021), although this
effect was attenuated in multivariate analysis (HR 2.15; 95% CI 0.52–8.90; p = 0.290), and its
absolute discriminatory performance in receiver operating characteristic analysis remained
modest (AUC = 0.558). Complete response rates differed significantly (high-CALLY 41.7%
vs. low-CALLY 5.9%, p < 0.001), suggesting a potential link between baseline CALLY and
treatment response. Conclusions: Among the indices evaluated, CALLY demonstrated
the highest, though still modest, discriminatory ability for overall survival (AUC 0.558),
and was the only marker to reach statistical significance in survival analysis. Its prognostic
effect was attenuated in multivariable analysis, suggesting that CALLY reflects, rather than
independently drives, the systemic consequences of high-burden disease. These findings
are exploratory, and prospective validation in larger cohorts is required to determine its
potential clinical utility.

Keywords: metastatic hormone-sensitive prostate cancer; CALLY index; systemic inflam-
mation; prognosis; immune-inflammatory markers

1. Introduction
Prostate cancer (PC) is the most commonly diagnosed malignancy among men,

accounting for approximately 31% of all newly diagnosed cancers, with an estimated
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333,830 new cases and 36,320 deaths expected in the United States in 2026 [1]. Metastatic
prostate cancer (mPC), being a heterogeneous group of diseases, exhibits varying responses
to treatment and can progress from the oligometastatic stage to advanced disease [2].
Treatment for metastatic hormone-sensitive prostate cancer (mHSPC) commences with an-
drogen deprivation therapy (ADT) and androgen receptor pathway inhibitors (ARPIs) [3].
A substantial percentage of patients exhibit a response to these treatments; however, the
majority advance to a castration-resistant phase [4]. This situation creates a need for reli-
able prognostic biomarkers to reassess risk stratification and better manage the treatment
decision-making process.

Increasing evidence suggests that systemic inflammatory processes that damage de-
oxyribonucleic acid (DNA) and activate oncogenic pathways play a role in the development
and progression of many cancers, including PC [5,6].

Several immuno-inflammatory markers derived from standard blood tests, including
the neutrophil-to-lymphocyte ratio (NLR); the systemic immune-inflammation index (SII)
incorporating neutrophil, platelet, and lymphocyte counts; and the systemic inflammation
response index (SIRI) comprising monocyte, neutrophil, and lymphocyte values, have
exhibited prognostic significance in investigations of mPC [7]. The C-reactive protein
(CRP)–albumin–lymphocyte (CALLY) index has recently been identified as a new prog-
nostic biomarker for many cancer types, offering a thorough evaluation of the patient’s
immunological response and nutritional condition [8–10]. The functional significance of the
CALLY index within mPC remains undetermined. We hypothesized that the CALLY index,
which assesses systemic inflammation, nutritional status, and immune function together,
might provide useful prognostic information compared with other established important
immune-inflammatory markers in de novo mHSPC patients and that a low CALLY index
might be associated with poorer survival outcomes.

Therefore, the aim of this study is to investigate the prognostic value of the CALLY
index in conjunction with other immune-inflammatory indices and to evaluate its potential
association with clinicopathological features and survival outcomes in de novo mHSPC
patients. This may potentially contribute to improving risk stratification, identifying high-
risk patients, and developing more individualized treatment strategies.

2. Materials and Methods
2.1. Study Design and Ethics

This study was structured as a multicenter retrospective observational cohort analysis
involving patients with de novo mHSPC treated at the Medical Oncology Departments of
Aydin Adnan Menderes University Hospital and Antalya Training and Research Hospital.
The protocol for the study was approved by the Institutional Review Board of Aydin
Adnan Menderes University, and it was conducted in accordance with the ethical standards
outlined in the Declaration of Helsinki (Date: 7 November 2025; Decision No: 28-2025/341).

2.2. Patient Selection

In the period beginning in January 2018 and ending in April 2025, we carried out
a multicenter retrospective analysis of the medical records of patients who had been
diagnosed with de novo mHSPC. The participants in the research were 159 patients who had
been diagnosed with histologically proven PC and radiographically confirmed metastatic
disease at the time of examination. Participants were required to be at least 18 years old
and have a minimum follow-up time of six months in order to be eligible. Every patient
who took part in the study was subjected to first-line intensified ADT, which consisted
of medical castration (leuprorelin acetate 22.5 mg every three months or 45 mg every
six months; goserelin 3.6 mg monthly or 10.8 mg every three months) in conjunction
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with ARPIs such as abiraterone acetate (1000 mg/day), apalutamide (240 mg/day), or
enzalutamide (160 mg/day).

Patients who had a history of chemotherapy or any other solid or hematologic malig-
nancy, as well as acute or chronic inflammatory or infectious diseases, chronic liver disease,
end-stage renal disease, or evidence of hemolysis, were excluded from the study. Patients
with incomplete follow-up data were also omitted from the final cohort (Figure 1). Baseline
laboratory data were obtained within 14 days prior to treatment initiation.

 

Figure 1. Flow diagram of patient selection and eligibility.

2.3. Data Collection and Definitions

Baseline clinicopathological parameters, such as age, Eastern Cooperative Oncology
Group (ECOG) performance status, Gleason score, and patterns of metastasis, were ex-
tracted from electronic medical records. Tumor burden and risk stratification were defined
according to established pivotal trial criteria:

• CHAARTED Volume Criteria: High-volume disease was defined as the presence of
visceral metastases or ≥4 bone lesions with at least one outside the vertebral column
and/or pelvis [11].

• LATITUDE Risk Criteria: High-risk disease was defined as meeting at least two of the
following three criteria: (1) Gleason score ≥ 8, (2) presence of ≥3 bone lesions, and
(3) presence of measurable visceral metastasis [12].

2.4. Calculation of CALLY Index and Inflammatory Indices

The primary prognostic variable, the CALLY Index, was calculated using the
following formula:

CALLY Index = [Serum albumin level (g/dL) × absolute lymphocyte count (ALC)
(109/L)]/[CRP (mg/L) × 10]

For comparative analysis, other immune-inflammatory indices were calculated
as follows:

• Neutrophil-to-Lymphocyte Ratio (NLR): absolute neutrophil count (ANC)/ALC
• Systemic Immune-Inflammation Index (SII): [(Platelet × ANC)]/ALC
• Systemic Inflammation Response Index (SIRI): [ANC × absolute monocyte count

(AMC)]/ALC
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2.5. Outcome Measures

This study’s main outcome was overall survival (OS). OS was assessed as the amount
of time that passed between the initial diagnosis and the death that occurred owing to
any cause. An additional end point was defined as progression-free survival (PFS) in this
study. PFS was defined as the time from diagnosis to first radiographic progression or
death from any cause, whichever occurred first. Progression of PSA or isolated clinical
progression without radiographic confirmation was not included in the definition of PFS.
Given the molecular nature of the imaging, radiographic progression was objectively
assessed by 68Ga-PSMA PET/CT imaging using the Prostate Cancer Working Group 3
(PCWG3) guidelines and PSMA PET Progression (PPP) criteria (e.g., the appearance of new,
unambiguous PSMA-avid lesions). Best overall tumor response was assessed according
to the Response Evaluation Criteria in PSMA PET/CT (RECIP 1.0). The first response
assessment was performed approximately 12 weeks after treatment initiation, and the best
overall response was defined based on serial 68Ga-PSMA PET/CT scans obtained before
radiographic progression. During the follow-up period, patients were routinely evaluated
with clinical and imaging evaluation approximately every 3–6 months or earlier in case
of clinical progression or significant PSA rise. Patients were censored in the case of being
alive and had no disease progression at their last follow-up date.

2.6. Statistical Analysis

All statistical analyses were performed with the R statistical program (version 4.5.2; R
Foundation for Statistical Computing, Vienna, Austria). Continuous data were tested for
normality. Continuous data were described using median and interquartile range (IQR) or
mean and standard deviation (SD). Variables were evaluated using the Kruskal–Wallis test
or analysis of variance (ANOVA) according to the normality distribution. Categorical data
were expressed as percentage and frequency. Categorical variables were analyzed using
Pearson’s chi-squared test or Fisher’s exact test. The cut-off value that gives the highest level
of precision in terms of progression and survival was found with the application of Receiver
Operating Characteristic (ROC) curve analysis utilizing Youden’s J statistic. Survival curves
were constructed using the survminer program (version 0.4.9). The estimates of OS and
PFS were obtained using the Kaplan–Meier method. Survival rates between the groups
were compared using the log-rank test. Multivariate and univariate Cox proportional
hazards models were constructed using the survival package (version 3.5-7) to evaluate
independent prognostic markers. We examined scaled Schoenfeld residuals to assess the
proportional hazards assumption. Statistical significance was recognized when the p value
was <0.05 on both sides.

To respect the events-per-variable (EPV) criterion of ≥10, which yielded a maximum of
four variables in the multivariable model (41 events ÷ 10 = 4.1), variables for inclusion were
pre-selected based on clinical significance and a priori confounding potential. CHAARTED
volume and Gleason grade were selected for their established prognostic relevance; age
(>65 years) was included as an a priori confounder. The proportional hazards assumption
was tested for all Cox models using scaled Schoenfeld residuals (cox.zph function). In
terms of the variable selection rationale, LATITUDE risk was excluded due to collinear-
ity with CHAARTED volume (shared defining parameters: bone lesion count, Gleason
grade, visceral metastasis). Visceral metastasis was excluded, as it is a component of the
CHAARTED high-volume definition. ECOG performance status was excluded because it is
conceptually and statistically correlated with the CALLY index (both capture functional
and nutritional reserve). Baseline PSA was excluded, as it is partly captured by tumor
volume classification.
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To confirm the robustness of the categorical findings, the CALLY index was evaluated
as a continuous predictor variable. The linear continuous relationship was modeled to
estimate hazard ratios per 0.1-unit and per 1-standard deviation (SD) increases for OS and
PFS. To assess potential non-linearity in the CALLY–OS relationship, a natural cubic spline
model with 3 degrees of freedom was constructed and evaluated using a likelihood-ratio
test. Internal validation and stability of the data-driven Youden-derived threshold were
assessed using bootstrap resampling with 1000 iterations to estimate the mean concordance
index (C-index) and bootstrap median cutoffs with corresponding 95% confidence intervals.

3. Results
A total of 159 individuals with mHSPC were included in this retrospective study. The

median age of the patients was 72.7 years ([IQR], 64.9–77.7 years). Half of the patients
had CHAARTED high-volume illness, and almost 60% were at high risk for LATITUDE.
Enzalutamide (n = 78), abiraterone (n = 71), or apalutamide (n = 10) in conjunction with
ADT constituted the treatment. The prognostic value of the CALLY index was evaluated
using ROC curve analysis, with OS as the main outcome. With an ideal cut-off value of
0.58 determined using Youden’s J statistic, the ROC analysis yielded an AUC of 0.558
(95% CI, 0.46–0.66), which corresponds to a sensitivity of 95.1% and a specificity of 18.6%.
Patients were divided into two groups based on this cut-off: one with low CALLY levels
(CALLY ≤ 0.58; n = 135, 84.9%) and another with high CALLY levels (CALLY > 0.58; n = 24,
15.1%). The predominance of Low-CALLY patients (84.9%) is consistent with the heavy
inflammatory burden typical of de novo metastatic presentation. The small High-CALLY
subgroup (n = 24) reduces the precision of subgroup-specific estimates; confidence intervals
for this group should be interpreted accordingly.

3.1. Baseline Characteristics

The research cohort’s baseline clinicopathological features are displayed in Table 1. A
higher CALLY index was substantially correlated with more advantageous demographic
and clinical attributes. Individuals in the Low-CALLY cohort were markedly older than
those in the High-CALLY cohort (median age: 73.2 vs. 65.7 years; p = 0.009). The per-
formance status varied markedly between groups, with a greater percentage of patients
exhibiting ECOG PS ≥ 2 in the low-CALLY group (22.2% vs. 12.5%, p = 0.414).

Concerning disease features, patients in the low-CALLY group had markedly elevated
frequencies of Gleason Grade Group 4–5 (86.7% vs. 58.3%, p = 0.003), CHAARTED high-
volume disease (63.7% vs. 33.3%, p = 0.010), and LATITUDE high-risk categorization (66.7%
vs. 33.3%, p = 0.004). Additionally, baseline prostate-specific antigen (PSA) levels were
significantly higher in the low-CALLY group (median 86.1 vs. 16.4 ng/mL, p = 0.003). In the
high-CALLY group, the complete response rate was much greater (43.5% vs. 6.1%, p < 0.001).

The prevalence of hypertension (HT) (64.4% vs. 54.2%, p = 0.465), diabetes mellitus
(DM) (37.8% vs. 41.7%, p = 0.894), coronary artery disease (CAD) (34.1% vs. 33.3%,
p = 1.000), statin use (40.0% vs. 45.8%, p = 0.756), and aspirin use (37.8% vs. 41.7%,
p = 0.894) showed no statistically significant differences across the categories. Notably,
baseline comorbidities and concomitant medications—including statin and aspirin use—
did not differ significantly between CALLY groups (all p > 0.05, Table 1), arguing against
major confounding by these variables in the primary survival analysis. Also, tumor
burden was significantly inversely associated with the CALLY index. Among patients
categorized as High-CALLY, there was a statistically significant increase in the prevalence
of low-volume illness (66.7% vs. 36.3%, p = 0.010) and low-risk disease (66.7% vs. 33.3%,
p = 0.004). In terms of visceral metastatic status (p = 0.181), there were no statistically
significant differences between the groups. Notably, the type of first-line ARPI did not

https://doi.org/10.3390/diagnostics16132126

https://doi.org/10.3390/diagnostics16132126


Diagnostics 2026, 16, 2126 6 of 15

differ significantly between CALLY groups (p = 0.300, Table 2), indicating that ARPI-class
selection does not confound the primary survival analysis.

Table 1. Baseline Clinicopathological and Demographic Characteristics of Metastatic Hormone-
Sensitive Prostate Cancer (mHSPC) Patients as Defined by the CALLY Index. (Cut-off value: 0.58
determined by Youden Index).

Characteristic Total (n = 159) CALLY High > 0.58
(n = 24)

CALLY Low ≤ 0.58
(n = 135) p-Value

Demographics

Age, years, median (IQR) 72.7
(64.9–77.7) 65.7 (59.9–73.9) 73.2 (66.4–77.7) 0.009

ECOG Performance Status (PS)
0–1, n (%) 126 (79.2) 21 (87.5) 105 (77.8)

0.414≥2, n (%) 33 (20.8) 3 (12.5) 30 (22.2)
BMI Category
BMI < 18.5 kg/m2, n (%) 2 (1.3) 0 (0.0) 2 (1.5)

0.629BMI 18.5–24.9 kg/m2, n (%) 83 (52.2) 11 (45.8) 72 (53.3)
BMI ≥ 25 kg/m2, n (%) 74 (46.5) 13 (54.2) 61 (45.2)
Comorbidities & Medications
HT, n (%) 100 (62.9) 13 (54.2) 87 (64.4) 0.465
DM, n (%) 61 (38.4) 10 (41.7) 51 (37.8) 0.894
CAD, n (%) 54 (34.0) 8 (33.3) 46 (34.1) 1.000
Statin use, n (%) 65 (40.9) 11 (45.8) 54 (40.0) 0.756
Aspirin use, n (%) 61 (38.4) 10 (41.7) 51 (37.8) 0.894
Cancer family history, n (%) 12 (7.5) 1 (4.2) 11 (8.1) 0.794
Disease Characteristics
Gleason (ISUP) Grade Group, n (%)
Grade Group 1 (ISUP; Gleason score 3 + 3) 9 (5.7) 5 (20.8) 4 (3.0)

0.003
Grade Group 2 (ISUP; Gleason score 3 + 4) 1 (0.6) 0 (0.0) 1 (0.7)
Grade Group 3 (ISUP; Gleason score 4 + 3) 18 (11.3) 5 (20.8) 13 (9.6)
Grade Group 4 (ISUP; Gleason score 4 +
4/3 + 5/5 + 3) 62 (39.0) 6 (25.0) 56 (41.5)

Grade Group 5 (ISUP; Gleason score 4 +
5/5 + 4/5 + 5) 69 (43.4) 8 (33.3) 61 (45.2)

M Stage, n (%)
M1a 25 (15.7) 3 (12.5) 22 (16.3)

0.231M1b 126 (79.3) 21 (87.5) 105 (77.8)
M1c 8 (5.0) 0 (0.0) 8 (5.9)
CHAARTED Volume, n (%)
Low volume 65 (40.9) 16 (66.7) 49 (36.3)

0.010High volume 94 (59.1) 8 (33.3) 86 (63.7)
LATITUDE Risk, n (%)
Low risk 61 (38.4) 16 (66.7) 45 (33.3)

0.004High risk 98 (61.6) 8 (33.3) 90 (66.7)
Visceral metastasis, n (%) 15 (9.4) 0 (0.0) 15 (11.1) 0.181

BMI, Body Mass Index; CAD, Coronary Artery Disease; DM, Diabetes Mellitus; ECOG, Eastern Cooperative
Oncology Group; HT, Hypertension; ISUP, International Society of Urological Pathology.

Table 2. Treatment Parameters, Inflammatory Indices, and Clinical Outcomes of Metastatic
Hormone-Sensitive Prostate Cancer (mHSPC) Patients as Defined by the CALLY Index.

Characteristic Total (n = 159) CALLY High > 0.58
(n = 24)

CALLY Low ≤ 0.58
(n = 135) p-Value

Laboratory Parameters

Baseline PSA, ng/mL, median (IQR) 71.3
(20.2–312.0) 16.4 (10.7–83.4) 86.1 (26.8–314.0) 0.003
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Table 2. Cont.

Characteristic Total (n = 159) CALLY High > 0.58
(n = 24)

CALLY Low ≤ 0.58
(n = 135) p-Value

PSA nadir, ng/mL, median (IQR) 0.14
(0.01–1.68) 0.04 (0.01–0.41) 0.18 (0.02–2.00) 0.084

First-Line ARPI Treatment
Enzalutamide, n (%) 78 (49.1) 11 (45.8) 67 (49.6)

0.300Abiraterone, n (%) 71 (44.7) 13 (54.2) 58 (43.0)
Apalutamide, n (%) 10 (6.3) 0 (0.0) 10 (7.4)
Treatment Response
(Best Overall Response)
CR, n (%) 18 (11.3) 10 (41.7) 8 (5.9)

<0.001
PR, n (%) 133 (83.6) 14 (58.3) 119 (88.1)
SD, n (%) 4 (2.5) 0 (0.0) 4 (3.0)
PD, n (%) 4 (2.5) 0 (0.0) 4 (3.0)
Inflammatory Indices
Median [IQR]

SII 653.8
[360–1003] 273.4 [178–369] 726.0 [461–1053] <0.001

NLR 2.7 [1.8–3.6] 1.2 [0.8–1.6] 2.9 [2.0–3.9] <0.001
SIRI 1.6 [1.0–2.5] 0.9 [0.5–1.2] 1.8 [1.1–2.6] <0.001
Outcomes
Disease progression, n (%) 51 (32.1) 4 (16.7) 47 (34.8) 0.129
Death, n (%) 41 (25.8) 2 (8.3) 39 (28.9) 0.062

Note: All 159 patients (100%) received continuous androgen deprivation therapy (ADT) as background therapy.
CR, Complete response; IQR, Interquartile Range, NLR, Neutrophil-to-Lymphocyte Ratio; PD, Progressive disease,
PR, Partial response; PSA, Prostate-Specific Antigen; SII, Systemic Immune-Inflammation Index; SIRI, Systemic
Inflammation Response Index; SD, Stable disease.

3.2. Survival Outcomes

After the follow-up period ended, disease progression was observed in 47 patients
(34.8%) in the Low-CALLY group and 4 patients (16.7%) in the High-CALLY group (chi-
square p = 0.129). Among the 59 composite PFS events, 51 were confirmed radiographic
progressions and 8 were deaths occurring without prior documented radiographic progres-
sion. Although isolated radiographic disease progression was observed in 51 patients, the
total number of PFS events used in the Kaplan–Meier analysis was 59, as this composite end-
point also encompasses deaths prior to documented progression. The low-CALLY group
also had 39 fatalities, or 28.9% of the total, whereas the high-CALLY group had 2 fatalities,
or 8.3% of the total. The Kaplan–Meier survival estimates are shown in Figures 2 and 3.
The total group had a median PFS of 51.1 months (95% CI, 50.8-not attained). Patients in
the Low-CALLY group had a median PFS of 50.8 months (95% CI, 27.0-not reached), but
those in the High-CALLY group did not reach the median PFS (log-rank p = 0.031).

The whole study population did not achieve the median in terms of OS. Patients in the
High-CALLY group outlived those in the Low-CALLY group by a significant margin; the
median OS for the Low-CALLY group was 51.2 months (95% CI, 38.8-not reached), whereas
the High-CALLY group did not reach the median OS (log-rank p = 0.012). Consistently,
the cumulative mortality rate was higher in the Low-CALLY group compared to the High-
CALLY group (28.9% [39 fatalities] vs. 8.3% [2 fatalities], chi-square p = 0.062).
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Figure 2. Overall Survival (OS) According to CALLY Index Status. CALLY index, C-reactive
protein–albumin–lymphocyte index.

 

Figure 3. Progression-Free Survival (PFS) According to CALLY Index Status. CALLY index,
C-reactive protein–albumin–lymphocyte index.

3.3. Prognostic Factors and Comparative Analysis

Univariate and multivariate Cox proportional hazards regression analysis were per-
formed to uncover independent prognostic indicators for OS (Table 3). There was a signifi-
cant association between a low CALLY index (≤0.58) and an elevated risk of all-cause death
(hazard ratio [HR], 5.20; 95% confidence interval [CI], 1.25–21.6; p = 0.021) on univariate anal-
ysis. Furthermore, significant predictors of shortened survival were high-volume disease
as determined by the CHAARTED criteria (HR 4.87, p = 0.001) and raised Gleason scores
(HR 1.89, p = 0.014). High tumor volume was the most significant independent predictor of
OS in the multivariate model that controlled for age, Gleason score, CHAARTED-defined
tumor volume, and CALLY index (HR 4.47, 95% CI 1.74–11.45; p = 0.002). Table 3 shows
that multivariate analysis reduced the predictive power of the CALLY index (HR 2.15;
p = 0.290).
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Table 3. Univariate and Multivariate Cox Proportional Hazards Analysis of Overall Survival (OS).

Variable Univariate Analysis
HR (95% CI) p-Value Multivariate Analysis

HR (95% CI) p-Value

CALLY Group
High (>0.58) Reference — Reference —
Low (≤0.58) 5.20 (1.25–21.6) 0.021 2.15 (0.52–8.90) 0.290

CHAARTED Volume
Low Reference — Reference —
High 4.87 (1.90–12.4) 0.001 4.47 (1.74–11.4) 0.002

Gleason Score
Continuous Scale 1.89 (1.13–3.17) 0.014 1.83 (1.08–3.09) 0.024

Age
>65 vs. ≤65 years 1.39 (0.71–2.71) 0.338 1.85 (0.82–4.15) 0.140

CALLY, C-reactive protein–albumin–lymphocyte index; CI, Confidence Interval; HR, Hazard Ratio; Note:
Multivariate model was adjusted for age, Gleason score, CHAARTED volume, and CALLY index. Note:
The multivariable model included CALLY index, CHAARTED volume, Gleason score, and age as covariates
(EPV = 41/4 = 10.25). CHAARTED volume and Gleason grade were selected for established prognostic relevance;
age (>65 years) was included as an a priori confounder. LATITUDE risk was excluded due to collinearity with
CHAARTED volume (shared defining parameters: bone lesion count, Gleason grade, and visceral metastasis). The
proportional hazards assumption was tested using Schoenfeld residuals (global test: χ2 = 4.567, df = 4, p = 0.335;
Supplementary Figure S3; individual covariates: CALLY p = 0.828, CHAARTED p = 0.753, Gleason p = 0.068, Age
p = 0.628). The Gleason grade group showed a borderline non-significant trend in the Schoenfeld residual test
(p = 0.068); however, the global test was clearly non-significant (p = 0.335), supporting retention of the standard
Cox model. Apparent C-index = 0.696 (SE = 0.035).

A comparative ROC analysis was carried out to evaluate the CALLY index’s discrimi-
native performance in comparison to other recognized indicators of systemic inflammation
(Table 4). Among the four indices, CALLY demonstrated the numerically highest discrimi-
natory ability (AUC 0.558), though all AUCs were modest, with 95% CIs overlapping 0.50
(Table 4, Figure 4). In terms of OS prediction accuracy, the CALLY index was the most
effective (AUC 0.558), surpassing SII (AUC 0.534), SIRI (AUC 0.522), and NLR (AUC 0.511).
Importantly, CALLY was the only marker to reach statistical significance for OS (p = 0.012)
(Table 4).

Table 4. Comparative Predictive Accuracy of Immune-Inflammatory and Nutritional Indices for
Overall Survival (OS).

Index Cutoff AUC 95% CI

CALLY Index 0.58 0.558 0.458–0.658
SII 507.4 0.534 0.428–0.639

SIRI 2.74 0.522 0.422–0.621
NLR 4.11 0.511 0.415–0.607

AUC, Area Under the Curve; CALLY, C-reactive protein–albumin–lymphocyte index; CI, Confidence Interval;
NLR, Neutrophil-to-Lymphocyte Ratio; SII, Systemic Immune-Inflammation Index; SIRI, Systemic Inflammation
Response Index. AUC values and 95% CIs are presented descriptively. Discriminatory ability was modest
across all indices; no marker achieved an AUC clearly above 0.50. The log-rank analysis comparing Low- vs.
High-CALLY groups is reported in Section 3.2.

3.4. Sensitivity Analyses

When analyzed as a continuous variable, each 0.1-unit increase in the CALLY index
was associated with a non-significant trend toward reduced hazard of death (univari-
ate HR = 0.915, 95% CI 0.822–1.019, p = 0.107) and progression (univariate HR = 0.933,
95% CI 0.862–1.009, p = 0.084), confirming the protective direction of the categorical analy-
sis. Per 1-SD increase (1 SD = 1.46), the univariate OS HR was 0.275 (95% CI 0.057–1.319,
p = 0.107). A natural cubic spline model (3 degrees of freedom) did not demonstrate signifi-
cant non-linearity in the CALLY–OS relationship (likelihood-ratio test: χ2 = 0.166, df = 2,
p = 0.920; Supplementary Figure S2), supporting the use of CALLY as a linear continuous
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predictor. The spline curve should be interpreted cautiously at CALLY values above 1.0, as
only 2 deaths occurred in the high-CALLY group (n = 24) and confidence intervals widen
substantially due to sparse data. Bootstrap resampling (1000 iterations) yielded a mean
C-index of 0.595 (95% CI 0.497–0.686) for the CALLY-only Cox model, consistent with the
apparent C-index of 0.696 for the full multivariable model. The Youden-derived cutoff of
0.58 showed a bootstrap median of 0.046 (95% CI: 0.004–0.907), indicating considerable
instability of the cutpoint across resamples (Supplementary Figure S4); this underscores
the importance of reporting continuous hazard ratios alongside data-driven cutpoints.

 
Figure 4. Comparative Performance of Immune-Inflammatory and Nutritional Indices for OS
Prediction. (A) Area under the ROC curve (AUC) with 95% confidence intervals for OS event-
status discrimination. All AUCs were modest; CALLY demonstrated the numerically highest value.
(B) Forest plot of univariate Cox regression hazard ratios (95% CIs) for indices dichotomized at
their respective Youden-derived thresholds, with the high-value group as reference for all markers.
Non-significant hazard ratios for SII, SIRI, and NLR reflect heavily imbalanced group sizes at these
thresholds and should not be interpreted as indicating superior outcomes for high inflammatory
burden. The original four-curve ROC plot is provided in Supplementary Figure S1.

4. Discussion
With an expected increase in incidence over the next decade, PC remains the second

most frequently diagnosed malignancy among men worldwide [13]. Increasing evidence
suggests that systemic inflammation and nutritional status play a central role in cancer
progression and survival outcomes. The CALLY index, a recently developed composite
biomarker integrating serum albumin, lymphocyte count, and C-reactive protein, reflects
the interaction between nutritional reserve, systemic inflammation, and host immune
competence. To our knowledge, this is the first multicenter study evaluating the prognostic
significance of the CALLY index in patients with mHSPC. In our cohort, the CALLY index
demonstrated a numerically stronger association with survival outcomes than conventional
inflammatory indices such as NLR, SII, and SIRI. However, its prognostic effect attenuated
after adjustment for established disease-related variables, suggesting that CALLY may
primarily reflect tumor burden and host-related biological status rather than functioning as
an entirely independent prognostic determinant.

The attenuation of the CALLY association with overall survival after adjustment
for CHAARTED-defined tumor volume and Gleason score (HR 2.15; 95% CI 0.52–8.90;
p = 0.290) indicates that a substantial part of the prognostic information captured by CALLY
at the univariate level (HR 5.20; p = 0.021) overlaps with established measures of disease
extent. CHAARTED volume emerged as the dominant independent predictor (HR 4.47;
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p = 0.002), consistent with its established role in contemporary mHSPC management.
This pattern suggests that CALLY reflects the systemic inflammatory and nutritional
consequences of advanced tumor biology rather than an independent causal pathway,
consistent with the degree of HR attenuation observed in multivariable analysis. This does
not, however, preclude its potential exploratory utility: CALLY provides a rapid, routinely
available blood-based summary of host physiology that is not substitutable by imaging
criteria and may complement staging in resource-limited settings.

Importantly, although the CALLY index showed numerically higher discriminatory
performance than NLR, SII, and SIRI in ROC analyses, the absolute differences between
the indices were small, and all evaluated inflammatory markers showed only modest
discriminatory ability (AUC range: 0.511–0.558). This baseline limitation is frequently
encountered in de novo mHSPC cohorts, where high systemic tumor burden and pro-
found inflammatory heterogeneity complicate sharp cross-sectional separation. Therefore,
these findings should be interpreted as demonstrating a relative advantage rather than a
definitive standalone diagnostic solution of the CALLY index and should be considered
strictly exploratory and hypothesis-forming until external validation is performed in larger
prospective studies.

Chronic inflammation is recognized as a major contributor to prostate carcinogenesis
and progression. Persistent inflammatory stimulation induced by hormonal, environ-
mental, infectious, or chemical factors promotes recruitment of immune cells into the
tumor microenvironment and facilitates tumor development [14]. Elevated inflammatory
markers, including CRP and hematologic parameters such as white blood cell count, have
consistently been associated with adverse oncologic outcomes, while lymphocytes play a
critical role in antitumor immune surveillance [15,16]. Previous studies demonstrated the
prognostic relevance of inflammatory indices in mHSPC. Wang et al. identified NLR, SII,
and SIRI as independent predictors of castration-free survival and OS, with elevated levels
correlating with poorer outcomes [7]. Similarly, in localized prostate cancer treated with
radical prostatectomy, higher NLR and SII values were associated with more aggressive
pathological characteristics [17].

In the present study, NLR, SII, and SIRI did not retain independent prognostic signifi-
cance in multivariable analyses. This finding may partly reflect the limited sample size and
event rate of our cohort, which inherently limits the capability to detect modest indepen-
dent survival effects for these conventional cellular markers within a highly adjusted model.
In addition, variability in optimal cut-off values across cohorts may have contributed to
these findings. The relatively higher SII threshold observed in our study compared with
previous reports likely reflects the increased baseline inflammatory burden associated with
de novo metastatic disease presentation. Given the absence of universally accepted cut-off
values for inflammatory indices, future multicenter studies should prioritize standardized
thresholds or continuous effect modeling to improve reproducibility across cohorts.

Cancer-associated malnutrition and systemic inflammation are well-established de-
terminants of survival outcomes. Although mPC demonstrates lower malnutrition rates
than many other advanced malignancies [18], hypoalbuminemia remains a recognized
marker of poor prognosis [19]. By combining albumin, lymphocyte count, and CRP into a
single parameter, the CALLY index simultaneously captures nutritional, inflammatory, and
immunological status. Mechanistically, elevated CRP reflects an IL-6–driven acute-phase
response associated with STAT3-mediated tumor progression and immune suppression,
whereas hypoalbuminemia represents chronic inflammatory catabolism and reduced phys-
iologic reserve [20]. Lymphopenia, in contrast, indicates impaired adaptive immunity and
diminished cytotoxic T-cell activity [16]. In prostate cancer specifically, serum albumin lev-
els are often relatively preserved compared with highly cachectic malignancies, suggesting
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that inflammatory activation and lymphocyte depletion may drive reductions in CALLY
scores before overt malnutrition becomes clinically apparent. By combining these kinetics,
the CALLY index captures the intricate interplay between an IL-6–driven acute-phase
response and systemic nutritional decline. This multi-dimensional biological structure
explains why it retains a numerical advantage in prognostic utility over purely cellular
parameters (NLR, SII, SIRI) when assessing long-term OS, as tumor-induced metabolic
exhaustion heavily dictates the clinical course of advanced prostate cancer. Our findings
further supported the biological relevance of systemic inflammation in advanced prostate
cancer. Di Lorenzo et al. previously demonstrated that patients with progressive prostate
cancer frequently exhibited severe lymphopenia and elevated CRP levels [21]. Similarly,
the predominance of low CALLY scores in our mHSPC cohort suggested that a subset of
patients may already display a castration-resistant prostate cancer (CRPC)-like inflamma-
tory and immunosuppressive phenotype at initial diagnosis. This observation may partly
explain the poorer outcomes observed in these patients and suggested that the CALLY
index could serve as an exploratory biological indicator of aggressive disease biology.

The prognostic significance of the CALLY index has previously been demonstrated
across multiple malignancies, including hepatocellular, gastric, esophageal, breast, lung,
colorectal, oral cavity, nasopharyngeal, and hypopharyngeal cancers [8–10,22–27]. Consis-
tent with these reports, low CALLY scores in our cohort were significantly associated with
inferior PFS and OS. Additionally, low CALLY scores correlated with advanced age, poorer
ECOG performance status, higher PSA levels, increased Gleason grade, and high-volume
disease according to CHAARTED criteria. These associations support the concept that
the CALLY index reflects both tumor aggressiveness and deterioration of host physiolog-
ical reserve. Importantly, CHAARTED volume (HR: 4.47, p = 0.002) and Gleason score
(HR: 1.83, p = 0.024) remained independent predictors of survival in multivariable analyses,
reinforcing the methodological consistency of our findings with established prognostic
models such as CHAARTED and LATITUDE.

Notably, the association between low CALLY scores and reduced complete response
rates to ARPI therapy raised the possibility that the index may also reflect treatment sensi-
tivity. However, given the relatively limited discriminating ability demonstrated in ROC
analyses, the CALLY index presently cannot be interpreted as a single predictive biomarker
of treatment response and requires prospective validation of its potential predictive utility.
Patients with preserved nutritional and immune status may maintain a more favorable
antitumor microenvironment that enhances responsiveness to androgen receptor pathway
inhibition. Although exploratory, this observation is clinically relevant given the current
lack of validated predictive biomarkers for ARPI efficacy in mHSPC. Previous meta-analytic
data showed that conventional clinical parameters, including Gleason score, PSA level, and
ECOG performance status, do not consistently predict ARPI benefit [28]. In this context, the
CALLY index may provide complementary biological information by integrating systemic
inflammation and host immune competence into a single readily accessible biomarker.
However, these findings require prospective validation in larger cohorts with predefined
treatment-response endpoints.

Several limitations of this study should be acknowledged. The retrospective design
and limited sample size reduced the generalizability of the findings. The marked imbalance
between low- and high-CALLY groups also limited subgroup analyses. Although base-
line comorbidity burden appeared balanced, detailed sensitivity analyses incorporating
individual comorbidities and PSA nadir were not performed. Median OS was not reached
during follow-up, indicating immature survival data and necessitating longer observation
for definitive long-term survival assessment. The absence of standardized threshold values
for inflammatory indices remains an important limitation affecting reproducibility across
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studies. Specifically, with 41 observed events, the study had limited post hoc power (~42%
for HR = 2.15, two-sided α = 0.05) and was not adequately powered to detect modest
effects for NLR, SII, or SIRI in multivariable models. Negative findings for these indices
should be interpreted cautiously. The 24:135 group imbalance—while reflecting the biologi-
cal distribution of nutritional–inflammatory status in de novo mHSPC—limits statistical
power in the smaller subgroup and widens confidence intervals. Bootstrap resampling
(1000 iterations) yielded a median cutoff of 0.046 (95% CI 0.004–0.907), indicating that the
Youden-derived threshold of 0.58 is unstable across resamples; this instability is expected
given the skewed CALLY distribution and strongly supports the reporting of continuous
hazard ratios alongside data-driven cutpoints in future studies.

5. Conclusions
The CALLY index may represent a promising and easily obtainable biomarker re-

flecting the interaction between systemic inflammation, nutritional reserve, and immune
competence in mHSPC. Although its prognostic impact appears closely linked to estab-
lished measures of tumor burden and disease aggressiveness, low CALLY scores were
consistently associated with inferior survival outcomes and reduced treatment response.
These findings suggest that the CALLY index may serve as an exploratory surrogate marker
providing preliminary, hypothesis-generating insights into adverse host–tumor biology.
These results are to be viewed as strictly exploratory. Prospective, multicenter studies
are required to confirm its potential clinical value and to determine the potential role of
the CALLY index in future risk stratification before any clinical application can be consid-
ered. Future research should clarify the timing of baseline laboratory sampling relative
to ARPI initiation, standardize sample handling protocols, and model CALLY both using
Youden-derived thresholds and as a continuous (per-SD) variable to limit sensitivity to
arbitrary thresholds. Reporting continuous hazard ratios alongside data-driven cutpoints
will facilitate future meta-analyses and pooled threshold estimations across cohorts.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/diagnostics16132126/s1, Figure S1: Original four-curve ROC plot
comparing the discriminatory ability of CALLY, SII, SIRI, and NLR for overall survival (OS); Figure S2:
Natural cubic spline model illustrating the non-linear relationship (p = 0.920) between continuous
CALLY index and the log-relative hazard of overall survival (OS); Figure S3: Scaled Schoenfeld
residuals plot for the multivariable Cox model testing the proportional hazards assumption over
time; Figure S4: Distribution of the Youden-derived optimal CALLY cutoff across 1000 bootstrap
resamples; Table S1: Sensitivity analyses and bootstrap internal validation results.
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