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Objective: The Charlson Comorbidity Index (CCI) is a widely utilized assessment

tool for evaluating the mortality rate among patients with chronic diseases and

tumors. Currently, there is a dearth of research investigating the correlation

between CCI and survival rates in advanced pancreatic cancer patients received

immunotherapy. Therefore, this study aims to elucidate the association between

CCI and survival rates in real-world settings for pancreatic cancer patients

received immunotherapy.

Methods: A total of 104 patients with advanced pancreatic cancer who received

immunotherapy at the General Hospital of the People’s Liberation Army between

September 2015 and September 2020 were included in this study. The patients

were categorized into two groups based on their Charlson Comorbidity Index

(CCI) scores: low CCI group (CCI <7) and high CCI group (CCI ≥7). The statistical

analysis focused on examining the correlation between CCI score and

survival outcome.

Results: The high CCI group exhibited significantly lower overall survival (OS) and

progression-free survival (PFS) compared to the low CCI group (p<0.05). The

median OS for the high CCI and low CCI groups were 7.82 and 44.17 months,

respectively, while the median PFS were 2.40 and 6.40 months, respectively.

Multivariate analysis revealed that high CCI was independently risk factor for both

OS (HR=2.801, 95%CI: 1.433-5.472, p=0.003) and PFS (HR=2.546, 95%CI: 1.389-

4.668, p=0.003).

Conclusion: The CCI score serves as a significant independent predictive

indicator for advanced pancreatic cancer patients received immunotherapy.
KEYWORDS

pancreatic cancer, immune checkpoint inhibitors, Charlson syndrome index, survival,
immunotherapy combined therapy
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Introduction

Pancreatic cancer (PC) is a highly malignant digestive system

tumor with extremely poor prognosis, often diagnosed in advanced

stages and progressing rapidly (1, 2). Currently, the treatment of PC

still mainly relies on chemotherapy, with a median overall survival

of less than 1 year (3–5). Although immunotherapy for PC has been

continuously explored, it has not improved the overall prognosis

compared to chemotherapy alone (6).

PC patients are often accompanied by other chronic diseases,

and a higher number of comorbidities indicates lower treatment

efficacy and shorter overall survival. The Charlson Comorbidity

Index (CCI) is a widely used indicator that assesses the overall

health status of patients by calculating scores and weights for

chronic diseases. It has been extensively studied in various tumor

types, including prostate cancer (7, 8), colorectal cancer (9),

pancreatic cancer (10) etc., but there are no reports on the

predictive role of the CCI index in immunotherapy for PC.

Therefore, we conducted an analysis of real-world data to assess

the prognostic significance of CCI scores in PC patients

received immunotherapy.
Patients and methods

Patients diagnosed with advanced PC who received treatment

with PD-1 inhibitors (including nivolumab, pembrolizumab,

sintilimab) at the First Medical Center of the Chinese People’s

Liberation Army General Hospital (Beijing, China) from September

2015 to September 2020. The inclusion criteria were as follows:

confirmed histopathological diagnosis of locally advanced or

metastatic PC; aged 18 years or older; Eastern Cooperative

Oncology Group (ECOG) status of 0–1; have undergone two–

lines treatment at least including chemotherapy combine with

PD-1 inhibitors; have assessable lesions through imaging scans

(CT) and blood tests during immunotherapy. The exclusion

criteria included: pancreatic neuroendocrine tumors, benign

pancreatic conditions, no prior use of PD-1 inhibitors, or lack of

imaging examinations.

Clinical data were electronically retrieved from the medical

records of the PLA General Hospital Registry. Essential clinical

characteristics of patients, including age, gender, tumor

differentiation grade, smoking and alcohol history, past medical

history, other comorbidities, concurrent medication use, pre-

treatment tumor marker CA19-9 levels, as well as metastatic sites

and quantities, were gathered. Patient data were initially registered

and subsequently categorized based on variable types. Continuous

variables included age and CA19-9 levels, whereas categorical
Abbreviations: CCI, Charlson comorbidity index; ECOG, eastern cooperative

oncology group; HR, hazard ratios; PFS, progression-free survival; OS, overall

survival; PD-1 inhibitor, programmeddeath-1 inhibitor; PD-L1, Programmed cell

death-Ligand 1; MSI, microsatellite instability.

Frontiers in Immunology 02
variables encompassed gender, smoking history, drinking history,

degree of differentiation, and others. Survival status was assessed via

telephone follow-up at the end of the observation period. All data

were verified for accuracy and reliability.

This study was authorized by the Ethics Committee of

the Chinese People’s Liberation Army General Hospital and

conducted in accordance with the principles outlined in the

Helsinki Declaration.

The Charlson Comorbidity Index (CCI) score was calculated

based on a comprehensive review of clinical data considering

patients’ past medical history and comorbidity status, drawing on

ICD-10 recordings of 17 common chronic medical conditions (11)

(see Appendix 1). Efficacy evaluation was performed on all patients

received who immunotherapy according to RECIST 1.1 criteria,

followed by monitoring their survival status including overall

survival (OS) and progression-free survival (PFS).
Statistical analysis

IBM SPSS version 26.0 and R studio software were used to

perform statistical analysis. The Kaplan-Meier method was utilized

to analyze OS and PFS, and the differences were evaluated by the

log-rank test. The clinical characteristics of patients were compared

using Chi-squares or Fisher’s exact test. The optimal CCI score cut-

off values for OS and PFS were determined by ROC analysis. The

Cox proportional hazards regression model was used for univariate

and multivariate analysis. Multivariate analysis was performed on

covariates that showed a significant correlation with OS and PFS in

univariate analyses. R Studio software was used for generating

figures. All statistical tests were two-sided, and p<0.05 was

considered statistically significant.
Results

Clinical characteristics of patients

A total of 104 patients with advanced PC who had received PD-

1 inhibitor therapy were included in this study. The clinical

indicators of the patients were recorded, and the Charlson

Comorbidity Index (CCI) was calculated (see Table 1). The

majority of patients (76.9%) received a combination treatment of

PD-1 inhibitors and chemotherapy as their first-line therapy. In this

group, the median age was 56 years, with 73 cases (70.2%) being

male, 59 cases (56.7%) having poorly differentiated tumors, and 90

cases (86.5%) having ≤2 sites of metastasis; before treatment, CA19-

9 levels were elevated in 77 individuals (74.0%).

The median Charlson Comorbidity Index (CCI) for patients

was 7 (range 3-14) in this study. Patients were divided into the

high CCI group (CCI≥7) and the low CCI group (CCI<7). The

clinical factors between the two groups were approximately

equilibrated at baseline, exhibiting no statistically significant

disparities (Table 2).
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ROC analysis predicted cut-off values of
Charlson comorbidity index score for OS
and PFS

The ROC curve determined the cut-off value of the Charlson

score for OS > 12m.

At the cut-off value of 6.5, the maximum Youden index is 0.365,

with both sensitivity and specificity at 68.3%. The AUC is 0.647 (95%

CI: 0.522-0.772, p=0.028) (Figure 1 S1).

The ROC curve determined the cut-off value of the Charlson

score for PFS > 6m.

At the cut-off value of 6.5, the maximum Youden index is 0.253,

with sensitivity at 63.2% and specificity at 62.2%. The AUC is 0.706

(95% CI: 0.572-0.840, p=0.008) (Figure 1 S2).
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Since the CCI scores were all integers and the median of CCI

was 7, we divided the patients into the high CCI group (CCI≥7) and

the low CCI group (CCI<7) for survival analysis.
Association between CCI and prognosis

Effect of the CCI indicator on OS
In this cohort, the median OS was 12.10 months (95% CI: 7.40-

16.80). Compared with the high CCI group, the low CCI group

(CCI<7) had significantly better overall survival than the high CCI

group (CCI≥7) (p <0.001) (Figure 2). The median OS for patients with

CCI<7 and CCI≥7 were 44.17 and 7.82 months, respectively (p<0.001).

In univariate analysis, sex, metastatic sites, line of

immunotherapy ≥2 and CCI index were correlated with OS (p

<0.05) (Table 3). In multivariate analysis, CCI ≥7 was an

independent risk factor for poor prognosis (HR=2.801, 95%

CI:1.433-5.472, p=0.003). Additionally, Line of immunotherapy

≥2 was also an independent risk factor for poor prognosis

(Table 3, Figure 3).

Effect of the CCI indicator on PFS
In this cohort, the median PFS was 3.50months (95% CI: 2.40-

4.60). Compared with the high CCI group, the low CCI group (CCI

<7) had significantly better progression-free survival than the high

CCI group (CCI≥7) (p=0.007) (Figure 4). The median PFS for

patients with CCI<7 and CCI≥7 were 6.40 and 2.40 months,

respectively (p=0.007).

In univariate analysis, Histological differentiation degree

(p=0.012), metastatic sites(p<0.001), line of immunotherapy≥2

(p=0.003) and CCI index (p<0.001) were correlated with OS

(Table 4). In multivariate analysis, CCI≥7 (HR=2.546, 95%CI:

1.389-4.668, p=0.003) was an independent risk factor for poor

prognosis. Additionally, metastatic sites>2(HR=3.042, 95%CI:

1.421-6.509, p=0.004) and line of immunotherapy≥2 (HR=2.559,

95%CI: 1.390-4.710, p=0.003) were also an independent risk factor

for poor prognosis (Table 4, Figure 5).
Risk score assess a patient’s risk of death

We constructed a risk score using the regression coefficients

from this model and manually selected a suitable threshold at the

50th percentile. The risk score, survival time, and Charlson

comorbidity index for each patient are shown in Figure 6.

As can be seen from the figure, the survival time of low-risk

individuals is longer than that of high-risk individuals, and the

mortality rate among high-risk individuals is significantly higher

than that among low-risk individuals.
Discussion

Immunotherapy is currently considered a promising approach

in anti-tumor treatment, as it has demonstrated improved overall
TABLE 1 Characteristics of patients with advanced PC.

Characteristics No. of Patients (%)

Age, years

<60 69 (66.3%)

≥60 35 (33.7%)

Sex

Female 31 (29.8%)

Male 73 (70.2%)

Smoking history

Never smoke 67 (64.4%)

Smoke 37 (35.6%)

Histological differentiating degree

Moderate and high differentiation 45 (43.3%)

Low differentiation 59 (56.7%)

Metastatic sites

0-2 90 (86.5%)

>2 14 (13.5%)

Baseline CA-199

>Normal level 77 (74.0%)

≤Normal level 23 (22.1%)

Missing 4 (3.8%)

Combined with other drugs

Yes 95 (91.3%)

No 9 (8.7%)

Line of immunotherapy

<2 80 (76.9%)

≥2 24 (23.1%)

Charlson comorbidity index

<7 46 (44.2%)

≥7 58 (55.8%)
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prognosis for patients with various types of cancer (12–14). It has

also identified specific biomarkers and clinical factors, such as PD-

L1 expression levels and MSI status, that can effectively predict the

efficacy of immunotherapy. However, unfortunately, PC has not

shown significant survival benefits from PD-1 inhibitors (15, 16).

Therefore, it is crucial to identify factors associated with

immunotherapy in order to select the population that will derive

maximum benefit from this treatment modality, which holds

immense clinical significance.

Our study aimed to analyze the correlation between Charlson

Comorbidity Index (CCI) scores and prognosis in advanced PC

patients received immunotherapy in real-world settings. The

findings revealed that the CCI ≥7 and line of immunotherapy

≥2 were independent risk factors affecting PFS and OS in late-

stage disease. These results are both expected and thought-
Frontiers in Immunology 04
provoking. The median OS of 44.17 months, derived from the

Kaplan-Meier curve, is not the true median OS for all patients and

should be used as a partial reference. This may be due to patients

in the low CCI group (CCI < 7) remaining alive at follow-up

completion and the number of patients receiving immunotherapy.

Future studies with larger sample sizes and extended follow-up

periods can verify this.

As we know, the CCI score is a widely used comorbidity index

initially proposed by Charlson et al. (11), with subsequent studies

demonstrating its impact on survival rates and prognosis for

specific solid tumors such as HER2-positive breast cancer in

elderly females (17), sinonasal squamous cell carcinoma (18),

gastric cancer (19), renal cell carcinoma (20)and surgically treated

PC (21). In all these cases, higher CCI groups have consistently

exhibited worse overall prognosis compared to lower CCI groups.
TABLE 2 Differences of patients’ characteristics between the CCI ≥7 group and CCI<7 group.

Characteristics No. of Patients (%) P value

CCI ≥7 CCI <7

(n = 62) (n =42)

Age, years

<60 37 (63.8%) 32 (69.6%)

≥60 21 (36.2%) 14 (30.4%)

Sex 0.901

Female 17 (29.3%) 14 (30.4%)

Male 41 (70.7%) 32 (69.6%)

Smoking history 0.072

Never smoke 33 (56.9%) 34 (73.9%)

Smoke 25 (43.1%) 12 (26.1%)

Histological differentiating degree 0.217

Moderate and high differentiation 22 (37.9%) 23 (50%)

Low differentiation 36 (62.1%) 23 (50%)

Metastatic sites 0.065

0-2 47 (81%) 43 (93.5%)

>2 11 (19%) 3 (6.5%)

Baseline CA-199 0.136

≤Normal level 10 (17.5%) 13 (30.2%)

>Normal level 47 (82.5%) 30 (69.8%)

Missing 1 3

Combined with other drugs 0.736

Yes 52 (89.7%) 43 (93.5%)

No 6 (10.3%) 3 (6.5%)

Line of immunotherapy 0.220

<2 42 (72.4%) 38 (82.6%)

≥2 16 (27.6%) 8 (17.4%)
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Unlike other types of cancer, PC patients generally exhibit higher

CCI scores. The presence of metastasis alone contributes a weightage of

6 points to the CCI score. Moreover, most PC patients often present

with one or more chronic comorbidities, and the number and severity

of these comorbidities impact the treatment and prognosis of PC. A

greater number of comorbidities typically indicates a reduced

likelihood of receiving treatment and an increased non-tumor-related

mortality rate. Tomonari Asano et al.’s study (21) also focused on

operable PC patients, yielding similar results that established a high

cutoff point for CCI at 4 points. The proportion of patients who

received chemotherapy in the low CCI group was significantly higher

than that in the high CCI group (87% vs. 69%, P < 0.0001). The overall

survival rate in the low CCI group was significantly higher than that in

the high CCI group (p= 0.047). Multivariate analysis indicated that

high CCI was a predictive factor for lower survival rates (P = 0.024). In

the high CCI group, patients with a high relative dose intensity (RDI) of
Frontiers in Immunology 05
adjuvant chemotherapy had significantly better recurrence-free

survival and OS compared to those with a low RDI (both P < 0.0001).

Our study reached consistent conclusions while additionally

discovering that both stratification based on CCI scores and line of

immunotherapy impacted patient survival, including overall survival

and progression-free rates. Patients who received immunotherapy (line

of immunotherapy ≥2) exhibited poorer overall efficacy and prognosis

compared to those who received it earlier. This may be attributed to

early recipients having better physical conditions, synergistic anti-

tumor effects from immunotherapy, as well as increased

opportunities for tailing off effects to manifest-factors enabling

patients to derive greater benefits from immunotherapy treatments.

This likely explains why early use of immunotherapy is recommended

for patients. Furthermore, there exists a correlation between the

number of metastatic sites and patient’s PFS, indicating that a higher

tumor burden increases the likelihood of rapid progression after

undergoing immunotherapy treatments. We also reviewed the

correlation between the CCI scores of solid tumor patients who

received immunotherapy and the occurrence of immune-related

adverse events (irAEs) (22, 23). The results showed a significant

association between CCI scores and irAEs in lung cancer and renal

cancer patients. However, no significant relationship was found in

malignant melanoma patients. Therefore, it is considered that CCI can

be used to predict irAEs, but specific comorbidity indices, including

autoimmune diseases, should be combined to provide a more

reliable indication.

Age is a critical determinant in the calculation of CCI scores, and it

is advisable to make adjustments for age (ACCI) when evaluating

cancer mortality and survival rates in elderly cancer patients using the

CCI tool. The inter-rater reliability of CCI among elderly cancer

patients demonstrates robustness (24), with values ranging from 0.74

to 0.945. Furthermore, findings affirm that elevated CCI serves as an

independent prognostic risk factor for elderly cancer patients (25).

Within this specific patient cohort, where the median age was 56 years,
FIGURE 1

ROC analysis predicted cut-off values of Charlson Comorbidity Index (CCI) score for OS>12m(S1) or PFS >6m(S2).
FIGURE 2

Association between CCI indicator with OS.
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TABLE 3 Univariate and multivariate analysis for OS in patients treated with ICIs.

Characteristics
HR(95% CI)
Univariate analysis

P value
Univariate analysis

HR(95% CI)
Multivariate analysis

P value
Multivariate analysis

Age 0.745

<60 Reference

≥60 1.110 (0.591 - 2.086)

Sex 0.021 0.146

Female Reference Reference

Male 2.637 (1.161 - 5.991) 1.870 (0.804 - 4.349)

Smoking history 0.329

Never smoke Reference

Smoke 1.376 (0.725 - 2.611)

Histological differentiating degree 0.328

Moderate and high differentiation Reference

Low differentiation 1.376 (0.726 - 2.607)

Metastatic sites 0.020 0.151

0-2 Reference Reference

>2 2.534 (1.158 - 5.545) 1.782 (0.810 - 3.918)

Baseline CA-199 0.358

≤Normal level Reference

>Normal level 1.470 (0.647 - 3.341)

Combined with other drugs 0.984

Yes Reference

No 1.013 (0.287 - 3.581)

Line of immunotherapy < 0.001 < 0.001

<2 Reference Reference

≥2 5.401 (2.787 - 10.469) 4.893 (2.481 - 9.648)

Charlson comorbidity index 0.001 0.003

<7 Reference Reference

≥7 2.940 (1.521 - 5.683) 2.801 (1.433 - 5.472)
F
rontiers in Immunology
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OS, overall survival; HR, hazard ratio.
FIGURE 3

Forest plot of CCI index and OS.
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univariate analysis also indicates that age does not present as a

significant risk factor for survival outcomes. Hence, when advocating

for the utilization of the CCI index in prognostic assessments,

consideration should be given to incorporating age factors to
Frontiers in Immunology 07
enhance predictive accuracy. Partial meta-analysis also indicates that

there is no significant difference in overall survival and progression-free

survival between the younger and elderly groups receiving anti-PD-1/

anti-PD-L1 and CTLA-4 therapy (26, 27). However, PD-L1 expression

increases with age, and higher PD-L1 expression is often associated

with better immunotherapy outcomes (28).

According to SEER 22 and Cancer statistics, pancreatic cancer

predominantly affects individuals aged 60-70, accounting for 40% of

cases. However, in this study of 104 patients, only 35 (33.7%) were

over 60. This discrepancy may be due to the study’s single-center,

small-sample retrospective nature, which limits its representation of

all pancreatic cancer patients. Additionally, recent trends show an

increase in younger patients (29, 30). Improved diagnostic and

treatment capabilities across different regions and hospitals also

influence patient data (31). Despite variations in age composition,

real-world data indicate no significant relationship between age and

immune treatment response. Middle-aged patients (aged < 60) with

a CCI < 7 benefit more from immunotherapy, showing prolonged

OS and PFS. Future large-scale or prospective studies are needed to

confirm these findings.This study has several limitations. Firstly, it

is a retrospective single-center study with a limited sample size, and
TABLE 4 Univariate and multivariate analysis for PFS in patients treated with ICIs.

Characteristics
HR(95% CI)
Univariate analysis

P value
Univariate analysis

HR(95% CI)
Multivariate analysis

P value
Multivariate analysis

Age 0.403

<60 Reference

≥60 0.797 (0.468 - 1.356)

Sex 0.064

Female Reference

Male 1.723 (0.969 - 3.061)

Smoking history 0.299

Never smoke Reference

Smoke 1.318 (0.782 - 2.221)

Histological differentiating degree 0.012 0.065

Moderate and
high differentiation Reference Reference

Low differentiation 2.026 (1.166 - 3.520) 1.678 (0.968 - 2.909)

Metastatic sites < 0.001 0.004

0-2 Reference Reference

>2 3.913 (1.827 - 8.382) 3.042 (1.421 - 6.509)

Baseline CA-199 0.066

≤Normal level Reference

>Normal level 1.839 (0.961 - 3.520)

Combined with other drugs 0.610

Yes Reference

No 0.797 (0.334 - 1.904)

(Continued)
FIGURE 4

Association between CCI indicator with PFS.
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TABLE 4 Continued

Characteristics
HR(95% CI)
Univariate analysis

P value
Univariate analysis

HR(95% CI)
Multivariate analysis

P value
Multivariate analysis

Line of immunotherapy 0.003 0.003

<2 Reference Reference

≥2 2.413 (1.354 - 4.300) 2.559 (1.390 - 4.710)

Charlson comorbidity index < 0.001 0.003

<7 Reference Reference

≥7 2.711 (1.525 - 4.819) 2.546 (1.389 - 4.668)
F
rontiers in Immunology
 08
PFS, progression-free survival; HR, hazard ratio.
FIGURE 5

Forest plot of CCI index and PFS.
FIGURE 6

Risk factor diagram of CCI indicator. Charlson comorbidity index and risk score, survival time distribution in our cohort by z-score. Here, red
indicates higher score, while light blue indicates lower expression. The risk scores for all patients are plotted in ascending order and marked as low
risk (blue) or high risk (red), as divided by the threshold (vertical black line). The risk score threshold is 7. The bars indicate the survival times for each
case. Red bars represent dead cases and blue bars represent alive during observation.
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the CCI scores were derived from reviewed cases, potentially

introducing selection bias, recall bias, and confounding factors.

The stratification of CCI was based on the median score of

patients in this cohort. Given that most patients in this study had

advanced pancreatic cancer with metastasis, the conclusions are likely

more applicable to individuals with similar conditions. Nonetheless,

we have presented a straightforward, convenient, and non-invasive

approach utilizing a patient’s chronic disease index and disease

burden to aid in identifying late stage PC patients who could

benefit from PD-1 inhibitor therapy in clinical settings.
Conclusions

Our findings confirm that the CCI can predicted the efficacy and

prognosis of advanced PC in patients who received PD-1 inhibitors,

and also assist physicians in making more optimal clinical treatment

decisions. The CCI score is crucial for future immunotherapy in PC.
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