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Purpose: In this retrospective study, we aimed to investigate the prognostic and early efficacy prediction value of baseline CALLY 
index in advanced pancreatic cancer.
Patients and Methods: We analyzed the clinical and follow-up data of 252 metastatic pancreatic cancer patients diagnosed at 
Nanjing Gaochun People’s Hospital from January 2019 to June 2024. The optimal cut-off for the CALLY index was determined by 
maximizing Youden’s index (J = sensitivity + specificity - 1) through receiver operating characteristic (ROC) curve analysis. Early 
treatment efficacy was evaluated according to RECIST 1.1 criteria based on radiological assessments at 6~9 weeks after initiating first- 
line therapy. The effect of the CALLY index on survival and early efficacy in first-line treatment was analyzed using the Kaplan–Meier 
method and the Cox proportional hazards model. The CALLY index was calculated as: (Albumin × Lymphocyte)/(CRP × 104).
Results: The cut-off value of the CALLY index for predicting survival was determined at 0.27. The area under the curve (AUC) was 0.725. 
With a cut-off value of 0.27, patients were divided into two groups: those with CALLY ≥0.27 and those with CALLY <0.27. The median 
overall survival was 12 and 5 months respectively (P < 0.01). CALLY Index ≥ 0.27 was associated with better survival outcomes. Cox 
regression analysis revealed that a low CALLY index (<0.27) was independent predictors of poor prognosis. CALLY index of 0.27 for 
predicting early efficacy in advanced pancreatic cancer patients with an area under the curve (AUC) of 0.73, and there was a statistically 
significant difference in early efficacy of first-line therapy between the high and low CALLY groups (P = 0.022).
Conclusion: Our findings suggest that the baseline CALLY index is a promising predictive biomarker for early efficacy and prognosis 
of patients with Pancreatic cancer, though its reliability requires validation in multicenter prospective studies.
Keywords: cally index, metastatic pancreatic cancer, survival analysis, treatment response

Introduction
Pancreatic cancer is the sixth leading cause of cancer-related mortality in China.1 The disease’s insidious onset and atypical 
early symptoms contribute to the majority of patients being diagnosed at advanced stages. Chemotherapy remains 
a cornerstone of treatment, yet the 5-year survival rate remains dismal at less than 10%,2 despite advances in therapeutic 
strategies and cancer research such as nanoparticle-based drug delivery systems and The patient-derived xenograft (PDX) 
model.3,4 The American Joint Committee on Cancer (AJCC) staging system is currently the most widely utilized tool for the 
stratification, treatment decision-making, and survival prediction of pancreatic cancer patients. Nevertheless, substantial 
heterogeneity in survival outcomes is frequently observed among patients with identical TNM staging. Consequently, there 
is an urgent need for more effective strategies to optimize risk stratification and survival prediction.

Beyond tumor-specific characteristics, host-related factors such as nutrition status, systemic inflammation, and 
immune function not only contribute to tumor initiation and progression, but also exert significant influence on patient 
prognosis.5–7 Emerging evidence highlights the pivotal effects of inflammatory responses within the tumor 
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microenvironment (TME) on disease progression.8 Concurrently, cancer-associated malnutrition has been increasingly 
recognized as a correlative factor of therapeutic resistance and diminished outcomes during cytotoxic interventions.9 

Therefore, a growing number of studies have identified the high value of using nutrition and inflammation parameters, 
such as the levels of albumin and serum C-reactive protein (CRP), to predict outcomes in patients with advanced 
pancreatic cancer.10,11 In addition, lymphocytes are pivotal components of the host anticancer immune response,12 

neutrophil-to-lymphocyte ratio(NLR) is also reported associated with poor prognosis in pancreatic cancer patients.13 In 
cancer patients, the interaction between malnutrition, compromised immune function, and systemic inflammation often 
results in lower albumin levels, decreased lymphocyte counts, and higher CRP values. Based on the above theories and 
studies, we believe that composite biomarkers integrating systemic inflammatory responses, nutritional status, and 
immunological competence may provide enhanced prognostic accuracy for patients with pancreatic cancer.

Iida et al14 established the C-reactive protein-albumin-lymphocyte index (CALLY index) for prognostic evaluation in 
cancer patients for the first time, demonstrating its superior prognostic capability over traditional indicators such as 
mGPS, NLR, and PLR in hepatocellular carcinoma patients undergoing hepatic resection. Subsequent studies have 
identified the high value of the CALLY index to predict outcomes across various malignancies, including colorectal 
cancer, ovarian cancer, esophageal cancer, and breast cancer.15–19 It is noteworthy that the application of the CALLY 
index in the prognostic evaluation of advanced pancreatic cancer has not been reported. Therefore, In this study we aimed 
to investigate the prognostic value of the CALLY index in metastatic pancreatic cancer patients and to evaluate its 
potential as a predictive biomarker for early efficacy to first-line treatment.

Materials and Methods
Study Design and Population
This study investigated 252 metastatic pancreatic cancer patients diagnosed at Nanjing Gaochun People’s Hospital from 
January 2019 to June 2024. The following eligibility criteria were employed: 1) All patients were confirmed pancreatic 
cancer histologically or cytologically and diagnosed with metastatic disease based on clinical and imaging data; 2) 
availability of complete clinicopathological data, laboratory test results, and follow-up information. The exclusion 
criteria included: 1) patients with concurrent malignancies in other organ systems; 2) individuals with hematological 
or immunological disorders; 3) patients with recent infections.

Data Collection
Clinical and pathological data were systematically collected from the medical records system of Nanjing Gaochun 
People’s Hospital. The collected data included demographic characteristics (age and gender), tumor characteristics 
(location and presence of liver metastasis), and treatment regimens. Laboratory parameters, including complete blood 
count and biochemical profiles, which were obtained within one week prior to the initiation of first-line treatment. 
Baseline imaging data before treatment and follow-up imaging after 2–3cycles of therapy were also collected. This study 
was approved by the Ethics Committee of Nanjing Gaochun People’s Hospital.

Treatment response was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST 1.1), 
categorizing outcomes into complete response (CR), partial response (PR), stable disease (SD), and progressive disease 
(PD). Early treatment efficacy was defined as the disease control rate (DCR) after completing 2~3cycles (six-nine weeks) 
of first-line treatment, DCR = CR + PR + SD. Patient survival time was determined through follow-up.

Treatment and Follow Up
The enrolled patients received first-line chemotherapy regimens primarily based on gemcitabine. Follow-up was con
ducted through medical record review, outpatient visits, and telephone interviews, with the follow-up period extending 
until December 31, 2024. Among the cohort, seven cases were lost to follow-up; however, their clinicopathological data 
were included in the analysis. In this study, overall survival (OS) calculated as the time from the date of tumor diagnosis 
to either the date of death or the end of follow-up.
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Statistical Analysis
Statistical analyses were performed using SPSS 26.0. Descriptive statistical methods were employed to analyze baseline 
patient characteristics, including age, gender, clinical features, CALLY index, and tumor location. Categorical variables 
were expressed as frequencies and percentages [n (%)], while continuous variables were presented as mean ± standard 
deviation. Intergroup comparisons were conducted using the chi-square test or Fisher’s exact test. Receiver operating 
characteristic (ROC) curves was drawn, the optimal cutoff value was obtained based on the Youden’s index, and the 
optimal cutoff value subsequently used to stratify patients into groups. The survival rate was calculated by the Kaplan– 
Meier method using the Log rank test. Multivariate analysis was conducted using the Cox proportional hazards 
regression model. The hazard ratio (HR) and 95% confidence interval (CI) for each factor are presented, and P-values 
< 0.05 was considered statistically significant.

Results
Baseline Characteristics of the Enrolled Cohort
A total of 252 patients were enrolled in the study, comprising 168 males (66.67%) and 84 females (33.33%). The mean 
age of the cohort was 66.69 ± 9.36 years (range: 47–86 years). Tumor localization included 70 cases (27.78%) in the 
pancreatic head and 182 cases (72.22%) in the body or tail of the pancreas. Liver metastasis was presented in 143 patients 
(56.74%) prior to the initiation of first-line treatment. Palliative surgery or exploratory laparotomy was performed in 47 
patients (18.75%). 23 patients received only palliative supportive care, including localized interventions such as particle 
implantation and biliary drainage.

186 patients were evaluable for treatment response, the outcomes were as follows: progressive disease (PD) in 63 cases 
(33.87%), partial response (PR) in 20 cases (10.75%), stable disease (SD) in 103 cases (55.38%), and complete response 
(CR) in 0 cases (0%). The objective response rate (ORR) was 10.75%, and the disease control rate (DCR) was 66.13%.

Association Between the CALLY Index and Clinicopathological Characteristics in 
Pancreatic Cancer Patients
A total of 252 patients were included in this study. The pretreatment CALLY index levels ranged from 0.005 to 27.3. The 
optimal cutoff value for the CALLY index in predicting patient survival status was determined using receiver operating 
characteristic (ROC) curve analysis according to Youden’s index. The optimal OS cutoff of the CALLY index was 0.27. 
The area under the ROC curve (AUC) was 0.725 (95% confidence interval [CI]: 0.60–0.85, sensitivity 58.06%, 
specificity 86.25%, P = 0.0021). We also make the comparison between different biomarkers mentioned before to 
contribute to the prognosis of pancreatic cancer patients. ROC analysis revealed that the area under the curve (AUC) for 
the the CRP-albumin ratio (CAR) (0.71), NLR (0.62); the AUC for the CALLY index was the most accurate (Figure 1). 
Patients were stratified into two categories based on the CALLY index; those with a value above 0.27 and those with 
a value below. The high CALLY index group had 156 individuals (61.90%) while the low CALLY index group had 96 
(38.1%). Statistical analysis revealed that a low CALLY index was significantly associated with the presence of liver 
metastasis (P < 0.05). However, no significant correlations were observed between the CALLY index and other 
clinicopathological features, including age, gender, tumor location, or high expression of CA199 (defined as > 400 U/ 
L). Detailed results are presented in Table 1.

Predictive Value of CALLY Index for Early Efficacy in First-Line Treatment
The CALLY index cutoff of 0.27 demonstrated significant predictive utility for early efficacy in first-line treatment, with 
an area under the curve (AUC) of 0.73 (95% confidence interval [CI]: 0.55–0.89, P = 0.022, Figure 2). The sensitivity 
and specificity for this cutoff were 83.33% and 57.14%, respectively. Among the 186 patients evaluable for treatment 
response, high CALLY (CALLY ≥ 0.27, n = 129) and low CALLY (CALLY < 0.27, n = 57) groups revealed statistically 
significant differences in early efficacy (Table 2). These results suggest that patients in the high CALLY group exhibited 
better early treatment outcomes, highlighting the potential predictive value of the CALLY index.
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Furthermore, survival analysis was conducted by comparing patients who achieved disease control rate (DCR) with 
those who experienced progressive disease (PD). The median overall survival (OS) was significantly longer in the DCR 
group (15 months) compared to the PD group (5.5 months) (95% CI: 0.19–0.72, P < 0.001), as illustrated in Figure 3. 
This statistically significant difference revealed the association between early treatment efficacy and prolonged overall 
survival, emphasizing the clinical relevance of achieving disease control in the initial phases of therapy. These findings 
collectively support the utility of the CALLY index as a biomarker for early efficacy and survival outcomes in pancreatic 
cancer patients undergoing first-line therapy.

Association Between the CALLY Index and Survival Time in Pancreatic Cancer Patients
Till the end of follow-up, 13patients remained alive, 7 patients were lost, and 232 patients died. The median overall 
survival (OS) for the entire cohort was 7 months. Using cutoff of 0.27, patients were stratified into high CALLY (CALLY 

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

1 - Specificity

S
en

si
tiv

ity
%

             CAR  AUC=0.71

            NLR  AUC=0.62

             CALLY  AUC=0.725

Figure 1 ROC curve of CALLY index, NLR, CAR for predicting survival.

Table 1 The Relationship Between CALLY Index and Clinical 
Characteristics of Patients with Advanced Pancreatic Cancer

Variable CALLY < 0.27 CALLY ≥0.27 x2 P value
n=96 n=156

Gender

Male 65 103
Female 31 53 0.076 0.783

Age
>65y 61 88

≤65y 35 68 1.251 0.263

Location of pancreas
Head 31 39

Body and tail 65 117 1.575 0.209

Liver metastasis
Yes 63 80

No 33 76 4.981 0.026

CA199 level
≤400U/L 40 83

>400U/L 56 73 3.167 0.075
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≥ 0.27) and low CALLY (CALLY < 0.27) groups. Kaplan-Meier survival curves were used to compare the survival 
outcomes between these two groups (Figure 4). The median OS was significantly longer in the high CALLY group (12 
months) compared to the low CALLY group (5 months) (95% confidence interval [CI]: 0.24–0.71, P < 0.01). This result 
indicated that a low CALLY index is associated with poorer prognosis in pancreatic cancer patients which further 
underscore the prognostic value of the CALLY index in predicting survival and its potential utility in risk stratification 
and treatment planning.

Prognostic Factors in Advanced Pancreatic Cancer Patients
Univariate Cox regression analysis revealed that overall survival (OS) was significantly associated with whether patients 
received chemotherapy and the pretreatment CALLY index (P < 0.01). In contrast, no significant associations were 
observed between OS and other factors, including age, gender, tumor location, high CA199 expression (> 400 U/L), or 
the presence of liver metastasis. Subsequently, multivariate Cox regression analysis was performed, using the significant 
variables identified in the univariate analysis. The results demonstrated that a high CALLY index and chemotherapy were 
independent prognostic factors influencing OS (P < 0.01). Detailed results are presented in Table 3.

Discussion
Cancer development is closely related to the nutritional state of the body, the immune state and the inflammatory response in 
the tumor microenvironment.20 Inflammatory response plays a crucial role in different stages of tumor development.21 

C-reactive protein is an acute time-phase reactive protein synthesized by hepatocytes under inflammatory conditions such 
as tissue injury and infection, and it is a commonly used marker of inflammation in clinical practice. Several studies have 
demonstrated that elevated C-reactive protein is associated with shorter survival in pancreatic cancer patients22 and correlates 
with tumor size.23 Malnutrition is a frequent problem for cancer patients and can lead to reduced quality of life, decreased 
response to treatment, increased risk of chemotherapy-induced toxicity and decreased survival.24 Albumin is a major protein 
synthesized in the liver and is a valid indicator of nutritional status due to its relatively long half-life. In advanced stages of the 
disease, albumin levels decrease due to malnutrition and inflammatory response, and low albumin levels can also indicate 
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Figure 2 ROC curve of CALLY index for predicting early efficacy.

Table 2 Early Efficacy of First-Line Treatment in Patients with High and Low CALLY Groups

Therapeutic Efficacy Number Low CALLY Group High CALLY Group P value
n=57 n=129

PD 63 (33.87%) 29 (15.59%) 34 (18.28%)

DCR(PR+SD) 123 (66.13%) 28 (15.05%) 95 (51.08%) 0.001
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a poor prognosis in patients with pancreatic cancer.25 The C-reactive protein to serum albumin level ratio (CAR) based on 
these two parameters has been shown to be an independent prognostic predictor in patients with pancreatic cancer.26 The 
tumorigenesis process involves different types of immune cells, and peripheral blood lymphocyte count can reflect the 
cytotoxic immune response function and health status of the body,27 which is commonly used as a representative immune 
indicator. Previous studies have shown that circulating lymphocytes can improve patient prognosis by enhancing tumor 
immune surveillance and inhibiting tumor cell proliferation.28 Lymphopenia is common in a variety of cancers and is 
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Figure 3 Survival curves of different early efficacy of first-line therapy.

Figure 4 Survival curves of patients in different CALLY index groups.

Table 3 COX Regression Analysis of Prognostic Factors in Patients with Pancreatic Cancer

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Age (>65y, ≤65y) 0.762 (0.44~1.32) 0.333 — —

Gender (Male, Female) 0.852 (0.485~1.498) 0.575 — —
Location of pancreas (head, body and tale) 1.518 (0.854~2.699) 0.155 — —

Liver metastasis (yes, no) 0.954 (0.559~1.627) 0.861 — —

CALLY (≥0.27, <0.27) 5.728 (2.84~11.552) P<0.01 0.232 (0.118~0.454) P<0.01
CA199 level (≤400, >400) 1.431 (0.838~2.442) 0.189 — —

Chemotherapy (yes, no) 3.817 (1.996~7.298) P<0.01 0.158 (0.077~0.326) P<0.01
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considered to be a reflection of the declining state of immune function, which is particularly evident in pancreatic cancer and is 
associated with poor prognosis in pancreatic cancer patients.29 The CALLY index, which integrates C-reactive protein, serum 
albumin, and lymphocyte counts, reflects the inflammatory status, nutritional condition, and immune function of pancreatic 
cancer patients, making it an ideal prognostic indicator. In this study, we established a specific association between the CALLY 
index and prognosis in advanced pancreatic cancer patients. An increased CALLY index was associated with a reduced risk of 
mortality, consistent with previous studies15–19 demonstrating its prognostic value in other malignancies and offered superior 
predictive value compared to NLR and CAR. Furthermore, the CALLY index emerged as an independent prognostic factor. 
Additionally, the CALLY index showed potential in predicting early efficacy in first-line treatment for advanced pancreatic 
cancer, as patients with a high CALLY index were more likely to benefit from initial treatment. These findings underscore the 
clinical utility of the CALLY index in risk stratification and treatment planning for advanced pancreatic cancer patients.

Although this study corroborates the association between a high CALLY index and improved prognosis or better 
response to first-line therapy, The precise mechanisms underlying remain unclear.30 Inflammation level, nutrition status 
and immune function not only independently influence cancer, but their interactions cannot be ignored, and these 
interactions would further promote the progression of cancer.31 In pancreatic malignancies, subclinical inflammatory 
states characterized by elevated C-reactive protein (CRP) are frequently observed.32 It contributes to elevated energy 
expenditure and anorexia. CRP synthesis is predominantly induced by interleukin-6 (IL-6), a proinflammatory cytokine 
overproduced in pancreatic cancer (PC).9 Thus, serum CRP levels may indicate tumor burden in these patients. Serum 
albumin is widely used to assess nutritional status, as in patients with extensive diseases, serum albumin synthesis can be 
impeded by malnutrition. Nutrition plays a key role in determining the fate and functions of immune cells.33 

Hypoproteinemia is confirmed associating with impaired immune responses (such as macrophage activation and 
granuloma formation) and leading to increased levels of inflammation in patients,34,35 which have great promotion 
roles on cancer incidence and progression and finally shorten survival. The tumor infiltrating lymphocyte (TIL) 
population in pancreatic cancer shows clinical correlates that higher proportions of CD4+, CD8+ and dendritic cells 
(DCs) of TILs can improve the prognosis.28 Among these immune cells, CD8+ T cells play an essential role in killing 
tumor cells, and a greater number of cancer cell adjacent cytotoxic T cells significantly correlates with survival. 
Advanced-stage tumors exhibit CD8+ T cells with elevated expression of exhaustion signatures, paralleling the observed 
peripheral lymphocytopenia and diminished T-cell multiplication capacity in late-stage pancreatic cancer.36 This estab
lishes peripheral lymphocyte counts as a potential biomarker reflecting cumulative immune dysfunction and disease 
progression. Our study revealed that patients in the low CALLY index group had a higher proportion of liver metastases. 
Liver metastases often lead to impaired liver function and reduced serum albumin levels, which can contribute to a lower 
CALLY index. Therefore, the significant correlation between the CALLY index and liver metastasis is biologically 
plausible. However, multivariate analysis indicated that the presence of liver metastasis was not an independent 
prognostic factor for pancreatic cancer patients. This evidence demonstrates the inadequacy of relying solely on hepatic 
metastasis status for prognostic stratification. The superior predictive capability of the CALLY index in advanced 
pancreatic cancer likely stems from its multidimensional reflection of systemic inflammation(CRP), immunity
(lymphocytes), and nutritional status (albumin).

Combining inflammatory and nutritional markers, such as the CALLY index, with TNM staging may improve the accuracy 
of prognostic assessments. In colorectal cancer, the integration of TNM staging with immune scoring systems has been shown 
to provide superior prognostic prediction compared to TNM staging alone.37 Similarly, Iida et al14 demonstrated that 
combining TNM staging with the CALLY index enhanced prognostic prediction in hepatocellular carcinoma patients. 
However, since all patients in our study had advanced-stage disease, the prognostic utility of combining TNM staging with 
the CALLY index could not be evaluated. Future studies with larger sample sizes should explore the prognostic predictive 
power of integrating TNM staging with the CALLY index in pancreatic cancer patients. Such investigations could provide 
a more comprehensive framework for risk stratification and treatment planning in this challenging disease.

In our study, the optimal cutoff value for the CALLY index in predicting prognosis in advanced pancreatic cancer 
patients was determined to be 0.27. Previous studies have reported that the prognostic value of the C-reactive protein-to- 
albumin ratio (CAR) with a cutoff of 0.18 was significant only in stage III and IV pancreatic cancer cohorts but not in 
stage I or II cohorts.38 Similarly, a CAR cutoff of 0.47 was identified as an independent predictor of overall survival (OS) 
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in stage III gastric cancer patients,39 while a different cutoff was required for stage II gastric cancer patients.40 

Additionally, studies have observed that an albumin-bilirubin (ALBI) score of 2.6 could serve as a unified optimal 
cutoff for prognostic evaluation in hepatocellular carcinoma and pancreatic cancer.41,42 Iida et al14 determined an optimal 
CALLY index cutoff of 5 for predicting prognosis in hepatocellular carcinoma (HCC) patients, which remained valid in 
their external validation cohort. However, Zhuang et al18 found that a preoperative CALLY index < 2.285 was an 
independent predictor of poor prognosis in breast cancer patients. These findings suggest that the optimal cutoff value 
may vary depending on the primary tumor site, cancer stage, and study population. This variability highlights the 
ongoing controversy in establishing universal cutoff values, which may hinder the clinical application of these biomar
kers. To minimize discrepancies, it is crucial to determine optimal biomarkers and their cutoff values based on specific 
populations, such as single tumor stages within each cancer type. This approach would enhance the accuracy and 
reliability of prognostic assessments, facilitating their integration into clinical practice. Future research should focus on 
validating these biomarkers in well-defined cohorts to establish standardized guidelines for their use.

This study had some limitations. First, Our study is a single-center retrospective analysis, some selection bias may 
exist. With a limited sample size, the results may also be subject to bias due to the influence of various factors on 
peripheral blood indicators in clinical practice. Additionally, the CALLY index was assessed only at baseline preventing 
longitudinal assessment and dynamic monitoring of this index before and after treatment might provide a more accurate 
evaluation of its association with mortality risk in pancreatic cancer patients. Furthermore, the lack of external validation 
data limits the generalizability of our findings. Finally, due to the lack of consensus regarding standardized cutoff values 
for the CALLY index, the application of this study’s results to Stage IV pancreatic cancer patients from other regions 
should be considered as a provisional reference only. Therefore further validation through prospective, large-scale 
randomized controlled trials is necessary to establish the clinical utility of the CALLY index as a predictive biomarker 
for treatment efficacy and prognosis.

Conclusion
Our findings suggest that the baseline CALLY index show potential for predicting early efficacy of first-line chemother
apy and is associated with survival outcomes in advanced pancreatic cancer patients. The CALLY index is easily 
obtainable, cost-effective, highly reproducible, and widely applicable as a hematological biomarker, may serve as 
a useful marker, pending validation in prospective studies.
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