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A B S T R A C T   

Machine learning has made great progress in the field of medicine, especially in oncology research showing 
significant potential. In this paper, the application of machine learning in the study of cholangiocarcinoma was 
discussed. By developing a novel intra-tumor heterogeneity feature, the study successfully achieved accurate 
prediction of prognosis and immunotherapy effect in patients with cholangiocarcinoma. This study not only 
provides strong support for personalized treatment, but also provides key information for clinicians to develop 
more effective treatment strategies. This breakthrough marks the continuous evolution of machine learning in 
cancer research and brings new hope for the future development of the medical field. Our study lays a solid 
foundation for deepening the understanding of the biological characteristics of cholangiocarcinoma and 
improving the therapeutic effect, and provides a useful reference for more extensive cancer research.   

Through the analysis of a large number of literature, we found that 
the prevalence of cholangiocarcinoma was increasing year by year, 
especially in specific age groups and geographical regions, which pro
vided strong support for further research on the etiology of chol
angiocarcinoma. The latest research [1] shows that the increase in 
morbidity and mortality of cholangiocarcinoma is mainly attributed to 
intrahepatic cholangiocarcinoma, while extrahepatic chol
angiocarcinoma tends to stabilize or decrease. 

Intrahepatic cholangiocarcinoma and extrahepatic chol
angiocarcinoma differ greatly in tumor heterogeneity and prognosis, but 
there is no distinction in the original study article. Therefore, it is very 
necessary to conduct graded studies on intrahepatic chol
angiocarcinoma and extrahepatic cholangiocarcinoma. Feng Y, et al. [2] 
show that there is significant heterogeneity in the prognosis of patients 
with cholangiocarcinoma, which is closely related to the heterogeneity 
within the tumor. Golino JL, et al. [3] found that some patients respond 
well to traditional treatments, while others show varying degrees of 
resistance. Kamp EJCA, et al. [4] suggests an urgent need for individu
alized treatment strategies to improve patient survival and quality of 

life. Kitagawa A, et al. [5] showed that immunotherapy achieved sig
nificant results in a subset of patients, but a subset of patients did not 
benefit. Through in-depth analysis of the response mechanism of 
immunotherapy and trying to find out the differences between different 
patients, we can provide a more accurate basis for individual treatment. 

Relevant studies [3-5] have highlighted the association between 
cholangiocarcinoma and macrophage immunotherapy and revealed its 
extended mechanism of action. Through in-depth analysis, it was found 
that macrophages play a key role in the cholangiocarcinoma microen
vironment, regulating the immune response and influencing the 
immunotherapy effect of the tumor. Lin Y, et al. [6] found that activa
tion of macrophages can promote antigen presentation and T cell acti
vation, improving the immune response. In addition, macrophages play 
a balancing role in regulating inflammatory responses and immuno
suppressive factors in the tumor microenvironment, creating more 
favorable conditions for immunotherapy This diagram describes how 
the cell backpack is assembled in 4 layers: 1) a PLGA layer as structural 
support; 2) a PVA-encapsulated reservoir loaded with IFN-γ to maintain 
the M1 macrophage phenotype; 3) a second PLGA layer for system 
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integrity; and 4) a cell adhesion layer created by PAH and HA-Ald to 
keep the backpack attached to the macrophage. Injecting M1 macro
phages with cell packs into a mouse model of cholangiocarcinoma killed 
the tumor (Fig. 1). 

In order to better understand and predict the complexity of chol
angiocarcinoma, the relevant researchers introduced machine learning 
algorithms to extract the characteristics of intra-tumor heterogeneity 
through the learning and analysis of large-scale data. Ma L, et al. [7] 
compared with traditional statistical methods, machine learning algo
rithms have more powerful pattern recognition abilities and can reveal 
the differences among individual patients with cholangiocarcinoma 
more comprehensively and accurately. Providing a new means for pre
dicting the prognosis of cholangiocarcinoma and the effect of immu
notherapy and promoting the development of cholangiocarcinoma 
treatment has positive guiding significance. 

I was very interested to read the paper by Chen et al. [8] on the 
successful construction of a prognostic model predicting the effect of 
immunotherapy for cholangiocarcinoma by applying machine learning 
algorithms and further revealing the intra-tumor heterogeneity of 
cholangiocarcinoma. In this study, the authors used a variety of statis
tical methods for integrated machine learning to construct a prognostic 
model of ITH-related features (IRS) for cholangiocarcinoma. In addition, 
the authors further applied bioinformatics techniques to single-cell 
analysis to clarify the association between immune cell subtypes and 
validate the biological function of the hub gene through in vitro cell 
experiments. 

The results of this study [8] found that the AUC of the 2-year, 3-year, 
and 4-year ROC curves in the TCGA cohort were 0.955, 0.950, and 
1.000, respectively. The lower the IRS score, the lower the tumor im
mune dysfunction and rejection score, the lower the tumor microsatel
lite instability score, the lower the immune escape score, the lower the 

MATH score, and the higher the mutation burden score in patients with 
cholangiocarcinoma. This is consistent with previous findings [8-10] 
reported in related studies. Single-cell sequencing and in vitro cell assays 
were used to validate the large database cholangiocarcinoma prognostic 
model. The authors highlighted specific ligand receptor pairs between 
fibroblasts, macrophages, and epithelial cells, including COL4A1-(IT
GAV+ITGB8) and COL1A2-(ITGAV+ITGB8). There is a strong associa
tion, and down-regulation of BET1L can inhibit the proliferation, 
migration, and invasion of bile duct cancer cells and promote their 
apoptosis. 

Chen et al. [8] cleverly applied machine learning to predict prognosis 
and immunotherapy outcomes in cholangiocarcinoma, successfully 
exploiting intratumoral heterogeneity. Its advantage is that, through 
comprehensive and in-depth data learning, it improves the interpreta
tion accuracy of individual patient differences and lays the foundation 
for individualized treatment. The findings highlight the unique advan
tages of machine learning in complex cancer research, providing an 
innovative path for the practice of precision medicine in the future. 
However, the research still has to face the challenges of data quality and 
sample size, as well as the lack of explanatory power of the model. 
Nevertheless, this study has had a positive and far-reaching impact on 
the in-depth exploration of intra-tumor heterogeneity, the development 
of individualized therapy, and the wide application of machine learning 
in the medical field, which is worthy of further attention and exploration 
by the medical community. 
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Fig. 1. Macrophage immunotherapy in cholangiocarcinoma.  
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