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Abstract

Cholangiocarcinoma (CCA) is the second most common primary hepatobiliary malignancy after hepatocellular carcinoma and remains a highly 
aggressive cancer with an insidious onset and poor prognosis. Inflammatory Factors (IFs) are critical mediators of immune and inflammatory re-
sponses and are increasingly recognized as key contributors to tumor initiation, progression, and therapeutic resistance. Accumulating evidence 
suggests that elevated circulating levels of inflammatory factors are associated with adverse clinical outcomes in patients with CCA and may serve 
as independent predictors of unfavorable long-term prognosis. Accordingly, preoperative assessment of inflammatory factors may provide prognos-
tically informative signals and assist in risk stratification. This review summarizes recent advances in the prognostic significance and therapeutic 
implications of inflammatory factors in cholangiocarcinoma.
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Abbreviations: CCA: Cholangiocarcinoma; IFs: Inflammatory factors; IL: Interleukin; TNF-α: Tumor necrosis factor-α; JAK/STAT3: Janus kinase/sig-
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Immune-Inflammation Index; PD-1/PD-L1: Programmed cell death 1 / programmed death-ligand 1

Introduction
Cholangiocarcinoma (CCA) is a malignant tumor arising from 

biliary epithelial cells, accounting for approximately 10%-20% 
of hepatobiliary malignancies and about 3% of digestive system 
cancers. Although CCA is relatively uncommon, its incidence and 
mortality have increased worldwide over recent decades [1]. For 
patients with resectable disease, radical resection with negative 
margins (R0 resection) remains the only potentially curative option. 
However, due to its insidious clinical presentation, early detection 
is challenging and many patients are diagnosed at an advanced 
stage. As a result, only a minority are eligible for surgery, and the 
postoperative 5-year survival rate is approximately 20%-40%.

Inflammation is a physiological defense response against 
tissue injury and infection [2-6]. During inflammation, infiltrating 
immune cells (e.g., neutrophils and macrophages) can release 
Reactive Oxygen Species (ROS) and Reactive Nitrogen Species 
(RNS), which may damage DNA, increase mutational burden, and 
contribute to carcinogenesis [2,5]. Circulating inflammatory factors 
and inflammation-related indices have shown prognostic value 

across multiple malignancies, including cervical cancer, gastric 
cancer, lung cancer, and HCC. Current evidence also supports 
a relationship between serum IFs and CCA outcomes, where 
higher IF levels are generally associated with worse long-term 
prognosis [3,4,6]. Moreover, combining IFs with other biomarkers 
is increasingly recognized as a practical strategy to improve risk 
stratification. This review summarizes (i) the expression patterns 
and prognostic relevance of IFs in CCA, (ii) their potential roles 
in CCA treatment, and (iii) their combined application with other 
prognostic indicators.

Discussion
Biological Roles of Inflammatory Factors: Benefits and 
Limitations

Inflammatory factors are central mediators of the immune 
response and play essential roles in host defense and tissue repair 
under physiological conditions [7,8]. When tissues are injured or 
invaded by pathogens, immune cells release inflammatory cytokines 
such as Tumor Necrosis Factor-alpha (TNF-alpha), interleukin-1 
(IL-1), and interferons, among others [9]. These mediators help 
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eliminate threats, limit the spread of damage, and promote healing 
by recruiting immune cells to sites of injury, increasing vascular 
permeability, activating antimicrobial programs, and initiating 
tissue repair.

However, when inflammatory signaling becomes dysregulated, 
inflammatory factors can shift from protective mediators to drivers 
of pathology. Excessive production, prolonged persistence (as in 
chronic inflammation), or misdirected immune activation against 
self-tissues can lead to substantial tissue injury [2]. Persistent 
inflammation has been implicated in diverse diseases: it can 
damage vascular endothelium and accelerate atherosclerosis, 
contributing to cardiovascular and cerebrovascular events; disrupt 
insulin signaling pathways (e.g., via inhibitory serine/threonine 
phosphorylation of IRS-1), promoting insulin resistance and type 
2 diabetes; and sustain synovial inflammation in rheumatoid 
arthritis. Importantly, chronic inflammatory signaling can also 
continuously stimulate cell proliferation and genetic instability, 
thereby increasing cancer risk [3,10]. Thus, inflammatory factors 
represent a classic ‘double-edged sword’ that requires tight 
regulation to maintain health.

Expression of Inflammatory Factors in Cca and 
Prognostic Implications

Inflammatory factors - particularly pro-inflammatory 
cytokines such as TNF-alpha, IL-6, and IL-1beta - can help shape 
a tumor-promoting milieu that supports sustained proliferation 
and suppresses programmed cell death (apoptosis) [11]. Many 
inflammatory mediators also have potent pro-angiogenic effects, 
facilitating neovascularization that supplies oxygen and nutrients 
required for tumor expansion. Conversely, acute inflammation and 
certain cytokines (e.g., type I interferons and IL-12) can enhance 
anti-tumor immunity, underscoring the context-dependent 
roles of inflammatory signaling [3]. In CCA, tumors can exploit 
inflammatory processes to support growth and metastasis, while 
immune cells within the inflammatory microenvironment may 
indirectly promote progression and dissemination [12,3,13].

Among these mediators, interleukin-6 (IL-6) and Tumor 
Necrosis Factor-alpha (TNF-alpha) are frequently highlighted as 
core drivers of CCA progression. In chronic biliary diseases such as 
hepatolithiasis and primary sclerosing cholangitis, these cytokines 
contribute to a persistent inflammatory microenvironment and 
promote carcinogenesis through key signaling pathways [13]. IL-6 
activates the JAK/STAT3 axis, enhancing CCA cell proliferation 
and survival and conferring resistance to apoptosis; it can also 
promote the accumulation of myeloid-derived suppressor cells, 
thereby fostering an immunosuppressive microenvironment 
that facilitates tumor immune evasion [12,14-17]. TNF-alpha 
acts primarily through the NF-kappaB pathway, promoting 
invasion, metastasis, and angiogenesis, and synergizes with other 
mediators to maintain a pro-oncogenic inflammatory state [13]. 
Importantly, these pathways can reinforce each other: TNF-alpha 
can induce IL-6 production, which in turn amplifies inflammatory 
signaling, creating a self-sustaining loop that remodels the tumor 
microenvironment and supports disease progression [18]. Multiple 

studies have reported that elevated preoperative serum IFs (e.g., 
TNF-alpha and IL-6) are associated with poor prognosis in CCA 
[19,14,18]. High IF levels have also been linked to TNM stage and 
lymph node metastasis, and may serve as independent risk factors 
for unfavorable long-term outcomes [14].

Therapeutic implications of targeting inflammatory 
factors

The clinical role of inflammatory factors in CCA is evolving from 
prognostic biomarkers to therapeutic targets and key components 
of combination strategies. A central concept is to disrupt chronic 
inflammatory circuits that promote tumor growth and immune 
suppression [5,20]. Current approaches can be considered at three 
levels. First, direct inhibition of key cytokines or their receptors, 
such as targeting the IL-6 receptor (e.g., tocilizumab) or using 
TNF-alpha inhibitors. In principle, combining IL-6 blockade with 
standard chemotherapy (e.g., gemcitabine plus cisplatin) may 
attenuate the core proliferative and immunosuppressive signaling 
mediated by JAK/STAT3 [20]. Second, inhibition of downstream 
convergent pathways, including STAT3, NF-kappaB, and COX-
2/PGE2, using small-molecule agents (e.g., napabucasin) that 
can broadly counteract pro-tumor inflammation [21-23]. Third, 
combining anti-inflammatory interventions (e.g., celecoxib) with 
immune checkpoint blockade (e.g., PD-1/PD-L1 antibodies), which 
is a rapidly advancing direction. Because high levels of IL-6, TNF-
alpha, and other cytokines can establish an immunosuppressive 
microenvironment that contributes to resistance to 
immunotherapy, anti-inflammatory strategies may ‘reprogram’ 
the microenvironment and enhance immune responses [11,24]. 
In addition, circulating inflammatory markers such as C-Reactive 
Protein (CRP) and IL-6 can potentially support dynamic monitoring 
of treatment response and prognosis [25]. Overall, therapeutic 
strategies targeting inflammatory signaling provide a promising 
avenue to address the aggressive biology and limited treatment 
options of CCA, particularly through rational combination regimens 
aimed at breaking the cycle of inflammation, immunosuppression, 
and tumor progression [20].

Integrating inflammatory factors with other biomarkers

Inflammatory factors are not specific to CCA and can also be 
elevated in other inflammatory conditions or organ diseases, 
limiting their performance as standalone biomarkers [2,9]. 
Therefore, prognostic assessment increasingly integrates IFs with 
conventional and emerging indicators to build more accurate 
and multidimensional models [25]. Rather than a simple additive 
approach, these combinations integrate biological information from 
complementary domains to better capture tumor aggressiveness 
and host immune status, thereby overcoming the limitations of 
single markers and improving predictive accuracy (a practical ‘1 + 
1 > 2’ effect) [25-28].

In practice, combined applications can be summarized in 
three areas. First, integration with standard clinicopathological 
parameters. For example, elevated IL-6 or CRP together with 
increased CA19-9, lymph node metastasis, and advanced stage 
can improve postoperative risk stratification [25]. IL-6 reflects 
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systemic inflammation and immunosuppression, complementing 
anatomical staging that may not fully capture tumor biology. Second, 
integration with molecular biomarkers and tumor subtyping. 
Linking inflammatory markers (e.g., neutrophil-to-lymphocyte 
ratio, NLR) with actionable alterations (e.g., IDH1/2 mutations or 
FGFR2 fusions) and immune context (e.g., PD-L1 expression and 
CD8+ T-cell infiltration) may help define clinically meaningful 
subgroups and inform targeted or immunotherapy strategies. 
Third, the use of composite inflammation-based scoring systems. 
Examples include the Glasgow Prognostic Score (GPS), which 
combines CRP and albumin [29,30], and the Systemic Immune-
Inflammation Index (SII) derived from multiple blood parameters 
(e.g., NLR and platelet-to-lymphocyte ratio, PLR). These composite 
indices have repeatedly been validated as stronger independent 
prognostic factors than single inflammatory cytokines, as they 
simultaneously quantify systemic inflammation, nutritional status, 
and immune competence [31].

Conclusion
Inflammatory factors centered on IL-6 and TNF-alpha play 

fundamental roles in the initiation, progression, and immune 
evasion of cholangiocarcinoma [13]. They serve not only as 
prognostic biomarkers but also as promising therapeutic targets. 
Current research has moved from mechanistic exploration to early 
clinical translation, including targeting cytokines themselves, 
inhibiting key downstream pathways, and combining anti-
inflammatory approaches with immunotherapy [5,20].

Future directions in this field are likely to focus on: (i) 
personalization and precision, including defining inflammatory 
signatures across molecular subtypes (e.g., IDH-mutant or FGFR-
fused CCA) to guide the selection of effective anti-inflammatory 
combinations; (ii) overcoming therapeutic resistance by 
characterizing how the inflammatory microenvironment evolves 
under targeted therapy or immunotherapy and identifying rational 
co-treatment strategies; and (iii) system-level integration of anti-
inflammatory interventions into multimodal CCA management. 
Prospective clinical trials are needed to clarify the optimal timing, 
patient selection, and clinical benefit of these strategies across 
perioperative and advanced disease settings, with the overarching 
goal of disrupting the cycle of inflammation, immunosuppression, 
and tumor progression to improve outcomes in this challenging 
malignancy.
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