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Purpose: The aim of this study is to explore the prognostic value of CRP–Albumin–Lymphocyte (CALLY) index in patients undergoing radical resection of intrahepatic cholangiocarcinoma (ICC).

Patients and methods: Retrospectively collected clinical data of 286 patients with ICC who underwent radical surgery at Shandong Provincial Hospital from July 2010 to July 2021. Univariate and multivariate analyses were used to evaluate the correlation between the CALLY index and overall survival (OS) and recurrence-free survival (RFS), and a nomogram prediction model was established based on the results. The accuracy of the model was evaluated using concordance index (C-index), calibration curves, decision curve analysis (DCA), and the receiver operating characteristic (ROC) curve was used to compare the prognostic value of the nomogram model with the TNM staging system.

Results: The optimal cut-off value of CALLY index was 1.81. In the training set, multifactorial Cox regression analysis showed that CALLY index <1.81 was an independent risk factor for OS and RFS (p < 0.05). Compared to neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune inflammation index (SII), and modified Glasgow prognostic score (mGPS), CALLY index had a higher area under the curve (AUC). The nomogram established based on the results of multifactorial analysis demonstrated strong efficacy in survival prediction, and the ROC curve showed that the nomogram had a higher prognostic value than TNM staging.

Conclusion: The CALLY index is independently associated with OS and RFS in patients after radical resection of ICC, and the nomogram model based on it shows significantly higher efficacy in predicting the long-term prognosis of patients after radical resection of ICC, and is more accurate than TNM staging.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary hepatic malignancy after hepatocellular carcinoma (HCC), and it accounts for 10 to 20% of all primary hepatic malignancies. ICC is a relatively rare disease with high malignancy and poor prognosis, and its incidence has been steadily increasing in the past decades. Currently, radical surgical resection remains the mainstay of treatment for ICC, which improves survival in some patients (1, 2). However, the postoperative recurrence rate in ICC patients is as high as 80%, and the 5-year overall survival rate ranges from 20 to 35% (3, 4). Therefore, accurate ICC disease staging is crucial for selecting appropriate treatment methods and predicting patient survival. Some common clinical and pathological features, such as tumor size, tumor number, lymph node metastasis, histological grade, and vascular invasion, can be used to assess the prognosis of patients with ICC (5–7). However, the value of these conventional factors in predicting the prognosis of ICC patients is limited. Recent studies have shown that the occurrence and development of tumors are closely related to immune function, nutritional status, and inflammation levels (8–10), For example: biomarkers such as neutrophil-to-lymphocyte ratio (NLR) (11), platelet-to-lymphocyte ratio (PLR) (12), systemic immune inflammation index (SII) (13), and modified Glasgow prognostic score (mGPS) (14) have been shown to correlate with cancer-specific survival in several cancers. However, these markers have limitations in predicting survival and selecting effective therapeutic strategies, thus better predictive indicators are needed. The CRP–Albumin–Lymphocyte (CALLY) index is a novel immune-nutritional scoring system that combines inflammation, nutrition and immune system status and was first proposed by Iida et al. (15), and has been shown to be associated with prognosis in patients with hepatocellular carcinoma (16), esophageal squamous cell carcinoma (17) and colorectal cancer (18).

In this study, we explored the relationship between CALLY index and prognosis of patients with ICC. And we established a nomogram survival prognostic model based on the CALLY index to predict the survival outcomes of ICC patients treated with curative resection, and compared the survival prediction ability directly with the TNM staging system.



Materials and methods


Patient selection

Screening of patients with intrahepatic cholangiocarcinoma who underwent radical liver resection at Shandong Provincial Hospital from July 2010 to July 2021. The inclusion criteria were as follows; (1) patients with histologically confirmed ICC; (2) radical resection; (3) no extrahepatic metastasis; (4) complete baseline laboratory testing information. The exclusion criteria were as follows: (1) patients who had received other treatments (such as transarterial chemoembolization, radiofrequency ablation, or neoadjuvant therapy) prior to surgery; (2) patients with palliative hepatectomy (R1 or R2 resection); (3) patients with a history of other malignant tumors; (4) patients with missing clinical or follow-up data. The included patients were randomized in a 7:3 ratio into a training set (n = 200) and a validation set (n = 86).



Data collection and definition of variables

Demographic data include: age, gender, height, weight, smoking status, alcohol consumption and presence of diabetes. Preoperative evaluation of hematologic parameters include: complete blood cell count, liver function tests, serum carbohydrate antigen 19–9 (CA19-9), carcinoembryonic antigen (CEA), and carbohydrate antigen 125 (CA125). Postoperative pathological features include: tumor size, tumor number, peripheral organ invasion, neurological invasion, satellite nodules, histological grade, lymph node metastasis, and TNM staging (following the guidelines of the American Joint Committee on Cancer (AJCC), 8th edition). In addition, several inflammation and nutritional indicators, including NLR, PLR, mGPS and SII were also included in this study. The CALLY index and above inflammatory indicators are calculated as follows (11–13, 15):
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An mGPS of 0 is determined as a CRP level < 10 mg/L and an albumin level > 35 g/L, a score of 1 as a CRP level > 10 mg/L or an albumin level < 35 g/L, and a score of 2 as a CRP level > 10 mg/L and an albumin level < 35 g/L (14).



Follow-up

Patients were followed up regularly after surgery. Serum CA19-9, CEA, CA125 levels, and liver function were examined during the follow-up period, and CT or MRI was examined every 2–3 months in the first and second years, and every 6 months thereafter until death or loss to follow-up. Tumor recurrence was diagnosed based on elevated serum tumor markers and typical CT or MRI enhanced imaging findings. After diagnosis of tumor recurrence, patients were treated appropriately based on their general condition and the manner in which the tumor recurred. Overall survival (OS) was defined as the duration from the date of surgery to the date of the patient’s death or last follow-up. Recurrence-free survival (RFS) was defined as the duration from the date of surgery to the date of the patient’s disease recurrence or the last follow-up visit.



Statistical analysis

Continuous variables are expressed as median and interquartile range (IQR) or mean ± standard deviation (SD). Normally distributed variables were tested with Student’s t-test, and variables that did not fit the normal distribution were tested with Mann–Whitney U-test. Categorical variables are shown as numbers and percentages. Differences between groups were compared using the chi-square test or Fisher’s exact probability test. The optimal cutoff values for CALLY index, NLR, PLR, and SII were determined using ROC curves, and the predictive value of each biomarker was compared by comparing the AUC values. Survival curves were generated using the Kaplan–Meier method, and differences between groups were compared using the log-rank test. For the prediction of OS and RFS, hazard ratios (HR) and their 95% confidence intervals (95%CI) were calculated for each variable using univariate and multivariate Cox proportional risk regression models, and variables with p < 0.05 in the univariate analyses were included in the multivariate analyses to identify independent risk factors. And prognostic nomograms for survival outcomes (OS and RFS) were created for independent risk factors. The calibration curve was used to assess the calibration of the model (19). The concordance index (C-index) was used to measure the performance and the difference between the predicted and actual outcomes (20). Decision curve analysis (DCA) was used to evaluate the clinical effectiveness of the models (21). The area under the receiver operating characteristic curve (ROC) (AUC) was used to evaluate the discrimination of the model and used to compare its prognostic value with the TNM stage (22).

R software version 4.1.1 was used to plot the nomograms, calibration curves, DCA curves and ROC curves and to calculate the AUC values and C-index. Other statistical analyses were performed using SPSS software (IBM SPSS Statistics, version 22.0; IBM Corporation, Armonk, NY, United States). All tests were two-tailed and a p value <0.05 was considered statistically significant.




Results


Patient characteristics

A total of 286 patients were included in this study. There were 172 males and 114 females. The median age was 60 years, with a range from 18 to 84 years. The 1-year, 3-year, and 5-year survival rates were 67.1, 30.1, and 17.8%, respectively. The 1-year, 3-year, and 5-year RFS rates were 51.0, 25.5, and 17.0%, respectively.

As shown in Table 1, correlation tests were performed on baseline data and clinicopathologic characteristics of the training set (n = 200) and validation set (n = 86). The distribution of the two cohorts was relatively balanced (p > 0.05).



TABLE 1 The clinicopathological characteristics of ICC patients in the training and validation cohorts.
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Survival analysis for OS

In the training set, Kaplan–Meier survival analysis and log-rank test results showed that patients with high CALLY-index had better OS than those with low CALLY-index. The estimated median OS for patients with high CALLY-index was 50 (95% CI 41.1–58.9) months, while the estimated median OS for patients with low CALLY-index was 12 (95% CI 10.1–13.9) months (p < 0.001; Figure 1A).

Univariate analysis suggested that female patients, CEA ≥ 10 ng/mL, CA-199 ≥ 40 U/mL, CA-125 ≥ 40 U/mL, NLR ≥ 2.65, PLR ≥ 167.8, mGPS of 1 or 2, SII ≥ 797.7, CALLY-index ≤1.81, total bilirubin ≥21 umol/L, TNM staging of III, open surgery, maximum tumor diameter ≥ 5 cm, presence of peripheral organ infiltration, tumor hypo-differentiation, presence of lymph node metastasis, and presence of satellite foci were associated with poorer OS (p < 0.05). Multifactorial analysis showed that CA-199 ≥ 40 U/mL [hazard ratio (HR): 2.286, 95% confidence interval (95% CI): 1.537–3.398; p < 0.001], CALLY-index ≤1.81 (HR: 2.596, 95%CL: 1.614–4.174; p < 0.001), and having lymph node metastasis (HR: 2.286, 95% CL: 1.137–4.597; p = 0.020), and maximum tumor diameter ≥ 5 cm (HR: 1.873, 95% CL: 1.287–2.726; p = 0.001) were independent risk factors associated with OS (Table 2).
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FIGURE 1
 Kaplan–Meier curves comparing OS (A) and RFS (B) between ICC patients with CALLY-index ≥1.81 and CALLY-index <1.81in the training cohort.




TABLE 2 Univariate and multivariate COX regression analysis of overall survival for intrahepatic cholangiocarcinoma (ICC) after radical resection in the training set.
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Survival analysis for RFS

In the training set, Kaplan–Meier survival analysis and log-rank test results showed that patients with high CALLY-index also had RFS compared to those with low CALLY-index. The estimated median RFS for patients with high CALLY-index was 35 (95% CI 22.9–47.1) months, while the estimated median RFS for patients with low CALLY-index was 9 (95% CI 7.4–10.7) months (p < 0.001; Figure 1B).

Univariate analysis suggested that BMI <25Kg/m2, CEA ≥10 ng/mL, CA-199 ≥ 40 U/mL, CA-125 ≥ 40 U/mL, NLR ≥2.65, PLR ≥167.8, mGPS of 1 or 2, SII ≥797.7, CALLY-index ≤1.81, and total bilirubin ≥21umol/L, TNM stage III, maximum tumor diameter ≥ 5 cm, multiple tumors, presence of peripheral organ infiltration, presence of lymph node metastasis, and presence of satellite foci were all associated with poorer RFS (p < 0.05). Multifactorial regression analysis showed that CA-199 ≥ 40 U/mL (HR: 2.197, 95%CL: 1.433–3.369; p < 0.001), CALLY-index ≤1.81 (HR: 1.698, 95%CL: 1.027–2.807; p = 0.039), maximum tumor diameter ≥ 5 cm (HR: 1.519, 95%CL: 1.019–2.263; p = 0.040), multiple tumors (HR: 1.751, 95%CL: 1.168–2.624; p = 0.007), and the presence of lymph node metastasis (HR: 2.461, 95%CL: 1.179–5.139; p = 0.016) were independent risk factors associated with RFS (Table 3).



TABLE 3 Univariate and multivariate COX regression analysis of recurrence-free survival for intrahepatic cholangiocarcinoma (ICC) after radical resection in the training set.
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Comparison of the prognostic value of the CALLY index with NLR, PLR, SII, and mGPS

As shown in the Figure 2, by comparing the ROC curves for OS and RFS at 1, 3, and 5 years for the CALLY-index with those of NLR, PLR, SII, and mGPS, and obtaining the corresponding AUC values. The results showed that in the training set, in terms of prediction of OS, the AUC values of the CALLY index at 1 year, 3 years, and 5 years were 0.787, 0.820, and 0.834, which were significantly higher than the AUC values of the NLR (0.669, 0.578, and 0.514), the PLR (0.648, 0.619, and 0.632), the SII (0.715, 0.637, 0.598), and mGPS (0.681, 0.668, 0.659); for RFS prediction, the AUC values of the CALLY index at 1 year, 3 years, and 5 years were 0.784, 0.836, and 0.792, respectively, which were also significantly higher than those of NLR (0.625, 0.604, and 0.527), PLR (0.598, 0.676, 0.670), SII (0.654, 0.688, 0.627), and mGPS (0.682, 0.689, 0.650) AUC values. It indicated that CALLY-index possessed higher prognostic value than NLR, PLR, SII and mGPS.
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FIGURE 2
 Comparisons of ROC curves for the CALLY-index and the NLR, PLR, SII, and mGPS in predicting 1-year (A), 3-year (B), and 5-year (C) OS and 1-year (D), 3-year (E), and 5-year (F) RFS in the training set.




Nomogram construction and validation

Based on the results of the multivariate Cox regression analysis, the final nomogram for OS included the CALLY-index, CA-199, maximum tumor size, and lymph node metastasis (Figure 3A). The final nomogram for RFS included the CALLY-index, CA-199, maximum tumor size, multiple tumor, and lymph node metastasis (Figure 3B). It was first validated using C-index. In terms of OS prediction, the C-index for the training and validation sets were 0.795 (95% CI 0.770–0.821) and 0.751 (95% CI 0.696–0.806), respectively. In terms of RFS, the C-index for the training and validation sets were 0.763 (95% CI 0.724–0.802) and 0.756 (95% CI 0.701–0.811), respectively. It suggested that nomogram had good predictive ability. Second, the calibration curves were used to compare the differences between the predicted and actual results. Figure 4 shows that in both the training set (Figures 4A–C) and the validation set (Figures 4D–F), the prediction results of nomogram for OS are in good agreement with the actual results. Figure 5 demonstrates that in the training set (Figures 5A–C) and the validation set (Figures 5D–F), the prediction results of nomogram for RFS also match well with the actual results. Finally, the clinical value of the nomogram was analyzed using DCA curves. The DCA curves of the nomogram for OS (Figures 6A,B) and RFS (Figures 6C,D) were shown in Figure 6. The results indicated that the nomogram prediction model had a good net clinical benefit.

[image: Figure 3]

FIGURE 3
 Construction and validation of the nomograms. Nomograms incorporating the CALLY-index and other clinicopathological parameters for OS (A) and RFS (B) prediction in the training cohort.
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FIGURE 4
 Calibration curves. The calibration curves of the nomograms between predicted and observed 1-year (A), 3-year (B), and 5-year (C) OS in the training set and 1-year (D), 3-year (E), and 5-year (F) OS in the validation set. The dashed line of 45° represents the perfect prediction of the nomogram.
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FIGURE 5
 Calibration curves. The calibration curves of the nomograms between predicted and observed 1-year (A), 3-year (B), and 5-year (C) RFS in the training set and 1-year (D), 3-year (E), and 4-year (F) RFS in the validation set. The dashed line of 45° represents the perfect prediction of the nomogram.
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FIGURE 6
 DCA of OS and RFS prediction by the nomograms. The DCA of the nomogram for 1-, 3-, and 5-year OS in the training cohort (A) and the validation cohort (B). DCA of the nomogram for 1-, 3-, and 5-year RFS in the training cohort (C) and the validation cohort (D).




Comparative performances of the predictive nomograms

By comparing the ROC curves of the nomogram prediction model with the 8th edition AJCC TNM staging and various independent risk factors, we evaluated the predictive capacity. The results showed that in terms of prediction of OS, the nomogram had AUC values of 0.881, 0.928, and 0.890 at 1, 3, and 5 years in the training set (Figures 7A–C) and 0.824, 0.891, and 0.893 in the validation set (Figures 7D–F), which were significantly higher than the AUC values of TNM staging and various independent risk factors. In terms of RFS prediction, the nomogram had AUC values of 0.863, 0.912, and 0.860 at 1, 3, and 5 years in the training set (Figures 8A–C) and 0.840, 0.887, and 0.869 in the validation set (Figures 8D–F), respectively. These values were also significantly higher than the AUC values of TNM staging and various independent risk factors. These results indicate that the nomogram is a prediction model with high predictive ability, surpassing the TNM staging system and various independent risk factors.

[image: Figure 7]

FIGURE 7
 Comparisons of ROC curves of the nomogram, TNM staging and various independent risk factors for 1-year (A), 3-year (B), and 5-year (C) OS in the training set and 1-year (D), 3-year (E), and 5-year (F) OS in the validation set.
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FIGURE 8
 Comparisons of ROC curves of the nomogram, TNM staging and various independent risk factors for 1-year (A), 3-year (B), and 5-year (C) RFS in the training set and 1-year (D), 3-year (E), and 5-year (F) RFS in the validation set.





Discussion

In this study, we determined the relationship between the CALLY index and the prognosis of patients after curative resection of ICC. Lower CALLY index was associated with poorer OS and shorter RFS in patients after curative resection of ICC. And its predictive value was stronger than previously proven relevant biomarkers, such as (NLR, PLR, SII, and mGPS). In addition, we also developed a nomogram prediction model including the CALLY index, which showed good predictive ability for OS and RFS, and its predictive ability was stronger than that of the TNM staging commonly used in clinical practice.

In clinical practice, many ICC patients have different postoperative prognoses even though they have the same tumor stage. This may be due to the fact that only the patient’s tumor status is taken into account while ignoring the differences in the patient’s own condition, such as the patient’s preoperative nutritional status and inflammation level, etc. The CALLY index was first proposed by Iida et al. and consists of CRP, serum albumin, and lymphocytes. In clinical practice, CRP is often used to reflect the strength of the inflammatory response in the patient’s body; serum albumin is often used to measure the nutritional status of the patient; and lymphocytes play an important role in the autoimmune response, so the number of lymphocytes can be used to reflect the strength of the patient’s immune function. Therefore, the CALLY index is a comprehensive indicator of the patient’s preoperative inflammation level, nutritional status and immune function.

A large number of studies have now shown that nutritional status, levels of inflammation and immune function are closely related to the occurrence and development of cancer (23, 24). First, in terms of inflammation, the activation of almost all common oncogenes are accompanied by inflammation, and the ensuing hyperinflammatory state can promote tumor maturation (25). In clinical practice, CRP is often used to reflect the level of inflammation in a patient’s body; CRP is an acute-phase protein produced by the liver and regulated by inflammation-related factors such as interleukin-6 and vascular endothelial growth factor. Overexpression of the inflammatory factor IL-6 is present in almost all types of tumors, and it contributes to tumorigenesis and progression by regulating a variety of signaling pathways in cancer (including cell apoptosis, survival, proliferation, invasiveness, and metastasis, as well as the most critical metabolism (26). The fact that CRP, which is regulated by IL-6, rises with IL-6 may be part of the mechanism by which high levels of CRP are associated with poor prognosis in cancer patients. Moreover, there is further research directly indicating that in ICC patients, higher levels of CRP are associated with poor prognosis (27). Secondly, the nutritional status of cancer patients also affects their prognosis directly or indirectly through various ways. On the one hand, when malnutrition exists, the body lacks the required energy and substances and basic metabolic activities are restricted (28). On the other hand, malnourished patients have lower tolerance to surgery, chemotherapy and radiotherapy and have weaker treatment outcomes than patients with better nutritional status (29). Thus, malnutrition and cachexia often portend a poor prognosis of cancer patients (30). In the clinical setting, serum albumin is a readily available and relatively inexpensive indicator for assessing a patient’s nutritional status. The results of many studies have shown that lower levels of serum albumin are associated with poor prognosis in a variety of cancers (31), Including ICC (32). Finally, in terms of immune function, lymphocytes are the main component of the body’s immune system, including T cells, B cells and natural killer cells. These cells can produce antibodies that directly kill viral and tumor cells and can regulate the body’s immune response. Tumor cell clearance depends on cell-mediated immune responses within the body, where T lymphocytes receive antigenic stimuli and differentiate into various effector T cells, and further produce cytotoxic proteins, including perforins and granzymes, and secrete them upon contact with the tumor cells (immune synapses), leading to specific killing without damaging the surrounding normal cells (33). It is now widely accepted that most T-lymphocytes undergo “exhaustion” in response to continuous stimulation by tumor cells, which is characterized by a decrease in effector-related molecules (IFN-γ, TNF, and granzymes), as well as a loss of stemness and proliferation potential (34). Thus, lower levels of peripheral blood lymphocyte counts are associated with disruption of immunomodulatory and antitumor functions in patients, and are also predicted to be associated with a poorer prognosis. The above findings show that higher levels of inflammation, poorer nutritional status, and depressed immune function are all associated with a poorer prognosis in patients with ICC, and these validate the results of the present study, in which lower CALLY index tended to encompass one or all of the above three.

A large number of previous studies have shown that some noninvasive biomarkers such as PLR, NLR, SII, and mGPS are prognostic markers for many malignant tumors. In the present study, the CALLY index possessed a higher AUC value compared with previous biomarkers, and the results of multivariate analysis showed that the CALLY index had a stronger predictive ability in terms of OS and RFS in patients after radical resection for ICC. This may be due to the fact that the CALLY index provides a more comprehensive assessment of the patient’s own inflammatory, nutritional, and immune levels than other biomarkers.

Worldwide, TNM staging is the most commonly used staging evaluation system, and it plays a very important role in the treatment of malignant tumors. However, it only takes into account tumor characteristics and ignores the patient’s own basic factors related to cancer prognosis, such as the patient’s own inflammation level, nutritional status and immune level. Therefore, in order to predict the prognosis of ICC patients more individually and accurately, we developed a nomogram including CALLY index, Ca-199, and tumor pathological features. In terms of OS and RFS prediction, the nomogram has a higher c-index and AUC values compared to the TNM staging system, indicating that the nomogram has a higher prognostic value than the TNM staging system. Moreover, the calibration curve showed that the predicted results of nomogram were in good agreement with the actual results, and the DCA curve showed that nomogram had a good net clinical benefit. All of the above results validate the high performance of our established nomogram, and we believe that our nomogram can make up for the limitations of TNM staging and can more accurately predict the prognosis of ICC patients in order to provide a more personalized treatment plan, which will lead to better treatment outcomes for ICC patients.

The strength of this study is that the prognostic role of the CALLY index in ICC patients was validated for the first time with the largest number of participants. Moreover, the CALLY index is inexpensive, easy to use, readily available from routine laboratory test results, and has high prognostic value. Therefore, it may have high practicality in daily clinical practice. However, this study has some limitations. First, this study is a retrospective analysis with a limited sample size, and selection bias is inevitable. In addition, different patients had different postoperative adjuvant treatment regimens, which may have increased the bias of the results of this study. Finally, this study was conducted in a single center and lacked the validation of external data. Therefore, further larger sample size, multicenter studies are still needed to validate our results.



Conclusion

In summary, the results of this study indicate that the preoperative CALLY index is an independent prognostic factor for patients after radical resection of ICC, and its predictive value is superior to other biological indicators. Moreover, the nomogram established based on the combination of CALLY-index and clinical pathological indicators can accurately predict OS and RFS and its predictive ability is stronger than the TNM staging system. Therefore, we believe that the CALLY index and our established nomogram provide clinicians with a better assessment tool to guide the management and treatment of ICC patients more accurately and individually.
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