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Background: Serum lipid levels have been associated with the prognosis of various malignancies.

Aim: To develop a novel nomogram based on serum lipid parameters to predict overall survival in patients with intrahepatic
cholangiocarcinoma.

Methods: Serum lipid profiles and survival data were collected prior to the initiation of chemotherapy combined with immunotherapy.
Survival analysis was performed to identify prognostic factors associated with ICC. Independent prognostic factors were used to
construct a nomogram. The predictive performance of the nomogram was evaluated. External validation of the survival analysis and
nomogram for serum lipids was conducted using a validation cohort.

Results: Low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and apolipoprotein A1 were selected for further
analysis. Survival analysis demonstrated that patients with low LDL-C, high HDL-C, and high ApoAl levels exhibited significantly
longer OS and PFS. A nomogram incorporating LDL-C and HDL-C was constructed to predict 1-, 2-, and 3-year survival
probabilities. The nomogram exhibited favorable predictive performance.

Discussion: Pre-treatment serum levels of LDL-C, HDL-C, and ApoA1 exhibited significant prognostic value for advanced ICC. The
nomogram constructed based on LDL-C and HDL-C effectively predicted survival outcomes, providing a theoretical basis to support
treatment decision-making and individualized prognostic assessment in clinical practice.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver malignancy after hepatocellular
carcinoma. Although various therapeutic strategies, including chemotherapy, targeted therapy, and chemotherapy com-
bined with immunotherapy, are currently available for advanced ICC, the overall clinical outcomes remain unsatisfactory,
with a 5-year survival rate of less than 20% in most patients.' Notably, patients receiving chemoimmunotherapy exhibit
longer overall survival (OS) compared to those receiving chemotherapy alone; however, the overall survival rates remain
suboptimal, indicating substantial challenges in the immunotherapeutic management of advanced ICC.>* Owing to
factors such as low expression of immune checkpoints and intrinsic resistance of tumor cells, immune checkpoint
inhibitors (ICIs) demonstrate limited efficacy in a subset of patients. Therefore, the identification of reliable biomarkers
to stratify patients who are more likely to benefit from ICIs is essential for optimizing treatment strategies and guiding
future therapeutic development.”
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Lipid metabolic reprogramming plays a pivotal role in various biological processes of tumor cells, including proliferation,
migration, invasion, and metastasis.” 2 Compared to monolayer-cultured ICC cells, ICC stem-like cells exhibit enhanced de
novo fatty acid synthesis activity and higher expression levels of key enzymes involved in fatty acid biosynthesis, such as fatty
acid synthase (FASN). Clinically, ICC patients with high FASN expression are associated with poorer long-term survival
outcomes.'* Correspondingly, inhibition of the mTOR signaling pathway can suppress FASN-mediated fatty acid synthesis,
thereby reducing fatty acid oxidation in tumor-associated macrophages and promoting antitumor immune responses.'*
Additionally, treatment with fatty acid oxidation (FAO) inhibitors led to suppressed proliferation in several cancer cell
types, including cholangiocarcinoma, suggesting that blockade of fatty acid catabolism may effectively inhibit tumor
growth.'> Moreover, lipid metabolic reprogramming is closely associated with the efficacy of tumor immunotherapy. For
example, cPLA2a activity driven by tumor cells and regulatory T cells (Tregs) can induce lipid droplet accumulation in
effector T cells, resulting in T cell senescence. Inhibition of cPLA2a has been shown to prevent effector T cell exhaustion and
enhance the efficacy of immunotherapy.'® CXCL6 can induce metabolic reprogramming in cholangiocarcinoma (CCA) by
regulating the CXCR1/2-JAK-STAT/PI3K signaling axis. This, in turn, activates the neutrophil RAS/MAPK pathway,
promoting the formation of Neutrophil Extracellular Traps (NETs). These events lead to reduced CD8+ T cell infiltration in
the tumor microenvironment, contributing to immune evasion and resistance to immunotherapy.'’ Additionally, URKB
promotes phosphorylation of H3K9me3/serine 10, which reduces H3K9me3 enrichment at the NCEH1 promoter. This
alteration increases overall NCEH1 expression and cholesterol levels in CCA cells, resulting in resistance to neoadjuvant
chemoimmunotherapy in CCA patients. Targeting URKB with inhibitors or using statin drugs can enhance sensitivity to
chemoimmunotherapy.'® Similarly, PD-L1-containing tumor-derived extracellular vesicles can also promote lipid droplet
accumulation in T cells, leading to senescence and resistance to immunotherapy.'® Thus, lipid metabolic reprogramming may
exert critical regulatory effects on tumor immunotherapy by modulating the immune microenvironment.°

With the widespread application of metabolomics, an increasing number of studies have revealed significant associations
between alterations in serum lipid levels and the prognosis of various malignancies.”’ Serum lipids are essential components
involved in energy storage, metabolism, and cellular signal transduction. Changes in serum lipid levels can indirectly reflect lipid
alterations within the tumor microenvironment, thereby representing potential biomarkers for predicting the efficacy of immu-
notherapy. A retrospective study reported that low levels of triglycerides and high-density lipoprotein cholesterol (HDL-C) were
strongly associated with recurrence in patients with thyroid cancer.”* Earlier research also suggested that serum triglyceride and
HDL-C levels were correlated with prostate cancer severity.>> Sun et al identified a causal association between elevated low-
density lipoprotein cholesterol (LDL-C) and gastric cancer. Furthermore, triglyceride levels >2.2 mmol/L were found to increase
the risk of gallbladder cancer in men over the age of 60.° However, studies exploring the prognostic value and predictive
significance of serum lipid levels in relation to immunotherapeutic outcomes in ICC remain scarce.

This study analyzed the association between pre-treatment serum lipid levels and prognosis in patients with advanced
ICC undergoing chemotherapy combined with immunotherapy. Independent prognostic risk factors were identified, and
a nomogram-based prognostic model was constructed to provide a potential reference for clinical decision-making and
prognostic assessment (Figure 1).

Methods

Study Population
This study enrolled 263 patients diagnosed with unresectable advanced ICC at the Harbin Medical University Cancer Hospital
between January 2014 and January 2024. Inclusion criteria were as follows: (1) Histopathological confirmation of ICC;
(2) Presence of measurable lesions according to the Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1);
(3) Effective radiological assessments performed prior to treatment and after every 2-3 treatment cycles; (4) Treatment
regimen consisting exclusively of chemotherapy combined with immune checkpoint inhibitors (ICIs); (5) Eastern Cooperative
Oncology Group (ECOG) performance status of 0 to 2; and (6) Patient age between 18 and 80 years.

Exclusion criteria were as follows: (1) Incomplete clinical data; (2) Absence of measurable lesions; (3) History of
other histologically confirmed malignancies within the past five years; (4) Presence of severe organ dysfunction;
(5) Diagnosis of autoimmune deficiency disorders; (6) Use of medications known to affect serum lipid levels during
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A retrospective study included 448 advanced
ICC patients treated with chemotherapy and
immunotherapy from 2014 to 2024.

185 patients were excluded due to:
Incomplete clinical data (7);

No measurable lesions (45);

Severe organ dysfunction (30);

Long-term lipid-affecting medications (25);
Other cancers within 5 years (16);

Irregular treatment (15); Refused follow-up (7)

263 patients were included and randomly
divided into training sets and testing sets (7 : 3).

A4

ROC curve analysis identified lipid molecules Univariate and multivariate Cox regression
and determined optimal cutoff values for analysis identified independent prognostic factors.
grouping.

>
Survival analysis based on serum lipid molecules. | | Nomogram construction and validation.

Figure | Work flow of this study.

the treatment period, such as statins or fibrates; (7) History of prior locoregional liver therapies, including surgery,
interventional procedures (eg, ablation, embolization, or brachytherapy).
The follow-up deadline for all patients was June 2024, and the median follow-up time was 20.1 months.

Clinical Data Collection
Clinical records were retrospectively reviewed to collect baseline clinical data from patients. The collected variables
included sex, age, smoking history, alcohol history, ECOG, performance status, American Joint Committee on Cancer
(AJCC) staging, histological differentiation, Child—Pugh classification, and primary tumor size.

In a fasting state, serum lipid profiles were collected within one week prior to the initiation of systemic therapy,
including LDL-C, HDL-C, total cholesterol, triglycerides (TG), apolipoprotein B (APOB), apolipoprotein A1 (APOAL1),
and lipoprotein alpha (Lpa).

Efficacy Evaluation and Follow-Up

Computed tomography (CT) and other imaging modalities were performed prior to treatment and subsequently every 2—3
treatment cycles to monitor and evaluate therapeutic response. Treatment efficacy was assessed according to the RECIST
version 1.1 and categorized as complete remission (CR), partial remission (PR), stable disease (SD), or progressive
disease (PD). The objective response rate (ORR) and disease control rate (DCR) were used as short-term efficacy
endpoints. ORR was defined as the proportion of patients achieving CR or PR, while DCR was defined as the proportion
of patients achieving CR, PR, or SD.

OS was used as the primary indicator for evaluating long-term treatment efficacy. PFS was defined as the time from
initiation of chemotherapy combined with immunotherapy for advanced disease to either documented disease progression
or death from any cause. OS was defined as the time from initial diagnosis of ICC to death from any cause or the date of
last follow-up. The primary endpoint was OS, while secondary endpoints included PFS, DCR, and ORR.

Survival Analysis

Receiver operating characteristic (ROC) curve analysis was performed to calculate the area under the curve (AUC) for
serum lipid levels, including LDL-C, HDL-C, CHOL, TG, ApoB, ApoA-1, and Lpa. Parameters with AUC values
greater than 0.7 were retained for subsequent analyses. The dataset was randomly divided into a training cohort and
a testing cohort at a 7:3 ratio. The prognostic model was constructed using the training cohort and validated in the testing
cohort. Serum lipid levels were then dichotomized into high and low groups based on these cut-off points. ROC curve
analysis was conducted using the “pROC” package in R software to determine optimal cut-off values and corresponding
AUC:s. Clinical characteristics and short-term therapeutic efficacy between groups were compared using Fisher’s exact
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test. Survival curves for patients with high versus low serum lipid levels were generated using the “survival” package in
R. A value of P < 0.05 is considered to indicate statistically significant differences.

Nomogram

Univariate and multivariate Cox regression analyses were performed using the “survival” package in R to identify
independent prognostic factors among patients’ clinical characteristics and serum lipid levels. Forest plots were generated
using the “ggplot2” package. Independent prognostic factors were incorporated into a nomogram constructed with the
“nomogram” package. Calibration curves were established using the “rms” package, and the concordance index
(C-index) was calculated for internal validation of the nomogram. The predictive performance of the nomogram-based
prognostic model was further assessed using ROC curves and decision curve analysis (DCA), generated via the
“timeROC” and “Dcurves” packages, respectively. External validation was conducted using data from the testing cohort.

Statistical Methods

Data organization, statistical analyses, tabulation, and visualization were performed using R software version 4.3.2.
Categorical variables were presented as counts (percentages). Normally distributed continuous variables were sum-
marized as mean =+ standard deviation, while non-normally distributed continuous variables were expressed as median
(interquartile range). Comparisons of categorical variables between two groups were conducted using Fisher’s exact

test.

Ethics

The study was conducted in accordance with the Declaration of Helsinki (6th revision, 2008). The study protocol was
approved by the Ethics Committee of Cancer Hospital of Harbin Medical University (protocol number KY2023-18,
approved on 01/11/2023).

Results

Clinical Characteristics
A total of 263 patients meeting the criteria were ultimately enrolled in this study (Table 1). All patients received first-line
chemotherapy regimens consisting of GC, GS, or GEMOX. Upon disease progression, second-line chemotherapy
consisted of mFOLFOX. Immunotherapy agents included camrelizumab.

All patients were randomly divided into a training cohort and a testing cohort at a 7:3 ratio, including 184 patients in
the training cohort and 79 patients in the testing cohort. Baseline characteristics between the training and testing cohorts
showed no statistically significant differences except for primary tumor size (p = 0.022) (Table S1).

Determination of Optimal Cutoff Values for Serum Lipid Levels

To elucidate the relationship between serum lipid levels and prognosis, ROC curve analysis was employed to determine
the optimal cutoff values for serum lipid parameters—including LDL-C, HDL-C, TC, TG, ApoB, ApoAl, and Lpa—in
order to stratify patients into high- and low-level groups.

In the training cohort, the optimal cutoff value for LDL-C was 3.050 mmol/L. Based on this cutoff, patients were
stratified into a high LDL-C group (n = 85) and a low LDL-C group (n = 99) (Figure 2A). For HDL-C, the optimal cutoff
was 1.290 mmol/L. Patients were divided into high HDL-C (n = 96) and low HDL-C (n = 88) groups accordingly
(Figure 2B). The optimal cutoff for ApoAl was 1.435 g/L. Patients were categorized into high ApoAl (n = 70) and low
ApoAl (n = 114) groups (Figure 2C). Similar results were observed in the validation cohort.

The remaining indicators were excluded from further analysis due to AUC values below 0.7 and were therefore not
grouped based on optimal cutoff values (Figure S1).
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Table | Clinical Characteristics of the
263 Patients with Advanced ICC

Characteristics N=263
Age 59.0 [51.0; 65.0]
Gender

Female 105 (39.9%)

Male 158 (60.1%)
Smoking

No 234 (89.0%)

Yes 29 (11.0%)
Drinking

No 240 (91.3%)

Yes 23 (8.75%)
ECOG

0 35 (13.3%)

| 222 (84.4%)

2 6 (2.28%)
AJCC

11l 137 (52.1%)

v 126 (47.9%)
Histological grade

WVell 48 (18.3%)

Moderate-well 18 (6.84%)

Moderately 68 (25.9%)

Moderate-low 29 (11.0%)

Poorly 100 (38.0%)
Child-Pugh grade

A 103 (39.2%)

B 160 (60.8%)
Tumor size (cm) 6.00 [4.00;8.00]
CEA (pg/L)

>4 125 (47.7%)

<4 137 (52.3%)
CAI199 (U/mL)

>20 100 (38.0%)

<20 163 (62.0%)

Abbreviations: ECOG, Eastern Cooperative
Oncology Group; AJCC, American Joint
Committee on Cancer; CEA, Carcinoembryonic
antigen; CA199, Carbohydrate antigen 19-9.

Comparison of Clinical Characteristics Among Different Levels of LDL-C, HDL-C,

and APOAI
ROC analysis identified LDL-C, HDL-C, and ApoAl as candidates for further stratified analysis. Subsequently, baseline
clinical characteristics were compared among patient groups with different levels of LDL-C, HDL-C, and ApoAl.

No significant differences were observed between the high and low LDL-C groups of advanced ICC patients with
clinical characteristics (Table S2). Whereas, for HDL-C, a statistically significant difference was observed in histological
differentiation between the high group and low group (p = 0.028, Table S3). Similarly, in high and low APOA1 groups,
a statistically significant difference was found in primary tumor size (p = 0.01), with the median tumor size in the low
ApoAl group being larger than that in the high ApoAl group (Table S4).
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Figure 2 The ROC curve of LDL-C, HDL-C and APOAI. (A) The ROC curve of LDL-C. (B) The ROC curve of HDL-C. (C) The ROC curve of APOAI.
Abbreviations: ROC, Receiver operating characteristic; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; APOAI,
Apolipoprotein Al.

Relationship Between LDL-C, HDL-C, and APOAI and Short-Term Treatment Efficacy

To investigate the relationship between LDL-C, HDL-C, and ApoAl levels and patients’ short-term therapeutic
responses, this study analyzed DCR and ORR, with the results as follows:

The DCR were 50.59% and 47.22% for the low- and high-LDL-C groups, respectively (p = 0.889); the ORR were
12.94% and 5.56%, respectively (p = 0.182) (Table S5). For HDL-C, the DCRs were 45.13% and 59.09% for the low-
and high-HDL-C groups, respectively (p = 0.367); the ORRs were 9.73% and 9.09%, respectively (p = 1) (Table S5).
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Regarding ApoAl, the DCRs were 46.39% and 53.33% for the low- and high-ApoA1 groups, respectively (p = 0.67); the
ORRs were 7.22% and 13.33%, respectively (p = 0.278) (Table S5).

In summary, patients with low LDL-C, high HDL-C, and high ApoAl levels exhibited better short-term therapeutic
responses; however, none of these three indicators showed statistically significant differences in DCR or ORR.

Relationship Between LDL-C, HDL-C, and ApoAl and Long-Term Therapeutic

Outcomes
Subsequently, OS and PFS were compared among advanced ICC patients stratified by LDL-C, HDL-C, and ApoAl
levels. In the training cohort, The low LDL-C group exhibited significantly longer mOS and mPFS compared to the high
LDL-C group, with mOS extended by 22.1 months (p <0.001, HR =3.968, 95% CI 2.698-5.835) (Figure 3A) and mPFS
extended by 2.3 months (p = 0.027, HR = 1.549, 95% CI 1.021-2.348) (Figure S2A). For HDL-C, the training cohort’s
low HDL-C group had a shorter mOS and mPFS than the high HDL-C group by 17.5 months (p < 0.001, HR = 0.364,
95% CI 0.248-0.533) (Figure 3B) and 3.07 months (p = 0.025, HR = 0.642, 95% CI 0.426-0.967) (Figure S2B),
respectively. Regarding ApoAl, the low ApoAl group in the training cohort showed a longer mOS than the high ApoAl
group by 4.62 months (p < 0.001, HR = 0.463, 95% CI 0.311-0.689) (Figure 3C) and a significantly shorter mPFS by 6.8
months (p = 0.004, HR = 0.395, 95% CI 0.183-0.851) (Figure S2C).

Additionally, in testing cohort, the mOS of different levels for LDL-C (p<0.0001), HDL-C (p<0.0001) and ApoAl
(p<0.0001) all showed statisticantly differences (Figure 3). For mPFS, there demonstrated no significance except for

ApoAl (p=0.0049) (Figure S2).

Independent Prognostic Factors Affecting Outcomes in Advanced Intrahepatic

Cholangiocarcinoma Patients

To further investigate independent prognostic factors, Cox proportional hazards regression models were employed.
General clinical characteristics, along with varying levels of LDL-C, HDL-C, and ApoAl, were included in both
univariate and multivariate analyses based on OS and PFS.

Univariate Cox regression analysis based on the training cohort revealed that low levels of HDL-C, low levels of
ApoAl, and larger primary tumor size were significantly associated with poor OS in ICC patients, whereas low LDL-C
levels were correlated with favorable prognosis (p < 0.05) (Figure 4A). Similarly, univariate Cox analysis in the
validation cohort demonstrated that low HDL-C and low ApoAl levels were adverse prognostic factors, while low
LDL-C levels and well to moderately differentiated histology were associated with improved prognosis in ICC patients
(p < 0.05) (Figure 4B).

Multivariate Cox regression analyses in both the training and validation cohorts demonstrated that low levels of LDL-
C and HDL-C were independent prognostic factors for ICC patients (p < 0.05). Specifically, low LDL-C was identified as
an independent protective factor, whereas low HDL-C was an independent risk factor for poor prognosis in ICC patients
(Figure 4C and D).

Subsequently, Cox regression analysis was performed to evaluate the impact of LDL-C, HDL-C, and ApoAl on PFS
in ICC patients. Univariate Cox analysis in the training cohort demonstrated that well-differentiated tumors and low
LDL-C levels were favorable prognostic factors for PFS, whereas low HDL-C was also identified as a favorable
prognostic factor for PFS (p < 0.05) (Figure S3A). In the validation cohort, the trends for all three markers were
consistent with those observed in the training cohort; however,only the association with ApoAl reached statistical
significance (Figure S3B).

Multivariate Cox regression analysis based on the training cohort indicated that low LDL-C was a protective factor
for PFS in ICC patients, whereas low HDL-C was a risk factor; however, these results did not reach statistical
significance (Figure S3C). In the validation cohort, multivariate Cox regression identified low ApoAl as an adverse
prognostic factor for PFS in ICC patients (p < 0.05) (Figure S3D).
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Figure 3 Comparison of Kaplan-Meier curves of OS between different levels of LDL-C, HDL-C and APOAI for training cohort and testing cohort. (A) Kaplan-Meier curves
of OS with LDL-C. (B) Kaplan-Meier curves of OS with HDL-C. (C) Kaplan-Meier curves of OS with APOAI.
Abbreviations: LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; APOAI, Apolipoprotein Al; OS, overall survival.

Construction and Validation of the Nomogram Prediction Model
Given the stronger association between the aforementioned serum molecules and OS in ICC patients, we focused

exclusively on developing a predictive model for OS to forecast the prognosis of advanced ICC patients receiving
chemotherapy combined with immunotherapy. Based on the results of the multivariate Cox regression analysis, LDL-C

and HDL-C were selected as variables to construct a nomogram for predicting 1-, 2-, and 3-year survival probabilities.
Patients with low HDL-C and high LDL-C scores exhibited higher risk scores, indicating poorer survival rates at 1, 2,

and 3 years (Figure 5A).
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Subsequently, the nomogram prediction model was validated using calibration curves. Internal validation demon-
strated that the C-index for predicting the prognosis of advanced ICC patients receiving immunotherapy was 0.68. The
calibration curves for 1-, 2-, and 3-year survival closely approximated the ideal diagonal line (Figure 5B). DCA was
performed to evaluate the clinical net benefit, revealing that the DCA models at 1-, 2-, and 3 years remained within the
optimal range across certain threshold probabilities, indicating that the prediction model provides meaningful clinical net
benefit and has practical clinical utility (Figure 5C). Time-dependent ROC analysis yielded AUCs of 0.716, 0.761, and
0.810 at 1-, 2-, and 3 years, respectively, further supporting the model’s predictive capability (Figure 5D). Moreover, the
Hosmer-Leme show goodness-of-fit test resulted in a p-value of 0.1083 (Table S6), indicating no significant systematic
bias and an acceptable model fit.

To further validate the clinical utility of the prognostic model, external validation was performed using the testing
cohort. Calibration of the model in the testing cohort demonstrated that the calibration curve closely approximated the
ideal reference line (Figure S5E). The model’s discriminative ability for external data was assessed by ROC analysis,
yielding an AUC of 0.844 with a 95% CI of 0.757-0.931 (Figure 5F). These results indicate that the model possesses
robust predictive performance in external datasets.

Discussion
Various biomarkers have been widely applied for prognostic assessment in cancer patients. However, due to high costs and
hard in testing, there remains a need to identify biomarkers that are more easily detectable while maintaining high specificity

and sensitivity. Lipids play crucial roles in cellular activities.”* Studies have demonstrated that cancer cells within the tumor
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microenvironment require abundant nutrients to sustain tumor growth. Energy generated solely through glycolysis is
insufficient, therefore lipid metabolism is utilized to support rapid proliferation, survival, and metastasis of tumor cells.*®
Liquid biopsy-based assessment of peripheral blood lipid profiles has been applied in malignancies such as lung adenocarci-
noma and breast cancer. Related investigations have also been conducted in intrahepatic cholangiocarcinoma.'#2%26-27

This study utilized ROC curve analysis to select LDL-C, HDL-C, and ApoAl as prognostic factors for patients with
advanced ICC. Survival analyses based on the training and validation cohorts demonstrated that patients with low LDL-C,
high HDL-C, and elevated ApoAl levels had significantly longer mOS. Regarding PFS, the training cohort showed that
patients with low LDL-C and high HDL-C exhibited prolonged mPFS. Although the validation cohort results did not reach
statistical significance, the overall trends for these two markers were consistent with the training cohort, likely due to the
smaller sample size of the validation cohort. Consistent with our findings, Shu et al reported that postoperative ICC patients
with high serum HDL-C derived greater clinical benefit.”® Additionally, Lin et al found that cervical cancer patients exhibited
higher LDL-C and lower HDL-C levels compared to healthy controls, and that elevated LDL-C and decreased HDL-C were
adverse prognostic factors in this population.?’ These findings align with our results, suggesting that increased cancer risk and
poor prognosis are associated with low HDL-C and high LDL-C levels. Conversely, another study observed that head and
neck squamous cell carcinoma patients with high LDL-C and low ApoAl levels experienced better PFS.*® This discrepancy
may reflect metabolic heterogeneity among different tumor types.

Subsequent Cox regression analyses based on the training and validation cohorts revealed that low LDL-C and low
HDL-C as independent protective and risk factors for OS, respectively. Similarly, Shu et al reported that low HDL-C was
an independent risk factor for postoperative ICC patients,”* supporting the role of low HDL-C as an independent
prognostic indicator in ICC. Additionally, Chen et al identified LDL-C as an independent prognostic factor in non-
esophageal squamous cell carcinoma, further confirming the prognostic value of LDL-C in cancer.®' In another study on
cervical cancer, patients exhibited elevated LDL-C levels and decreased HDL-C levels compared to healthy controls.?’
Conversely, a study on head and neck squamous cell carcinoma found that high LDL-C and low ApoA1l were protective
factors.>® These findings suggest heterogeneity in lipid metabolism among different cancer types, with the same serum
lipid markers having distinct prognostic implications depending on the tumor context.

Subsequently, LDL-C and HDL-C identified as predictive factors were used to construct a nomogram for predicting
1-, 2-, and 3-year survival rates in advanced ICC patients receiving chemotherapy combined with immunotherapy. The
nomogram was internally and externally validated using the training and validation cohorts, respectively, demonstrating
robust predictive performance and clinical utility. These findings are consistent with previous studies in thyroid cancer,
which also suggest that HDL-C can serve as a prognostic biomarker for cancer.”> Zhu et al constructed a model for
predicting the postoperative prognosis of ICC using PIIN, gender, grading, CA19-9, N stage, and tumor quantity.*> By
integrating the PIIN score and other clinical risk factors, the PIIN diagram is helpful for personalized prognosis
assessment of ICC patients. Ding et al also predicted the postoperative prognosis of ICC through the three-level
lymph node structure.*® Similar to our study, the factors used in the aforementioned studies for building the prognosis
model are all easily obtainable in clinical practice, but they lack metabolites as building factors, and there is scarce
research on prognosis models for advanced ICC treatment. Our study further supplements this aspect of research. In
summary, LDL-C and HDL-C may serve as reliable biomarkers for predicting prognosis in patients with advanced ICC.

We envision that in the future, this model could be applied in clinical practice. By measuring the serum lipid profiles
of patients prior to chemoimmunotherapy and incorporating these into the nomogram, we could calculate the 1-year,
3-year, and 5-year survival rates. For patients identified as high-risk (ie, those with lower survival rates), lipid-lowering
therapy could be administered alongside tumor treatment, with the goal of extending patient survival. The findings of Liu
et al also support this approach.'®

However, this study has several limitations. First, as a single-center study with a relatively small sample size due to
the rarity of cholangiocarcinoma, the conclusions may not fully represent the broader population of advanced ICC
patients in China. Future multicenter studies with larger cohorts are needed to validate these findings. Second, serum lipid
levels can be influenced by factors such as patient age, sex, hormonal status, and underlying comorbidities; therefore,
stricter study controls are required to minimize confounding effects. Third, this study did not investigate the metabolic
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reprogramming mechanisms underlying the observed alterations in serum lipid profiles, and the causes of lipid level
changes remain unclear. Further research will be conducted to explore these underlying mechanisms.

Conclusion

In summary, we successfully constructed and validated a prognostic model to predict the OS of patients with advanced
ICC, which provides a more accurate basis for the immunotherapy decision of such patients. The strategy of chemother-
apy in combination with immunotherapy dominates in advanced ICC patients, and it is suggested that immunotherapy
should be incorporated into clinical treatment protocols more frequently.
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