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Cholangiocarcinoma is a common malignant tumor that seriously endangers physical and mental 
health. Elevated serum ferritin levels are correlated with reduced survival and increased recurrence 
rates in various cancers. The present study aimed to evaluate the potential of serum ferritin as a 
prognostic biomarker in cholangiocarcinoma. Immunoassay was used to detect ferritin protein in the 
serum of 120 cholangiocarcinoma patients and to compare the diagnostic utility of the conventional 
tumour markers CEA, CA19-9 and CA125. The median DFS for all patients was 420 days (range, 
1.0-51.8 months). Median survival was 991 days (range, 2.1–51.8 months) and 361 days (range, 
1.0-51.8 months) in the low- and high-ferritin level groups, respectively (P < 0.001). Patients with 
cholangiocarcinoma with low ferritin expression (≤ 196.5 ng/ml) had significantly higher disease-free 
survival than those with high ferritin expression (> 196.5 ng/ml). The findings of multivariate analyses 
showed serum ferritin (P = 0.001), CA19-9 (P = 0.037), Tbil (P = 0.017), and Ki67 (P = 0.008), lymph node 
metastasis (P = 0.040) and no lymph node dissection (P<0.001) were considered as independent factors 
affecting the prognosis. Ferritin levels had statistically significant relationship between patient’s CA19-
9 level, Vascular invasion, CD34/31 expression and Postoperative adjuvant therapy (P < 0.05). These 
results indicate that serum ferritin is prognostically associated with patients with cholangiocarcinoma 
and may serve as a valuable prognostic biomarker for patients with cholangiocarcinoma.

Originating from the bile duct epithelial cells, cholangiocarcinoma encompasses malignant growths within the 
liver and extends from the hepatic hilum to the distal end of the common bile duct. The disease occurs mainly 
among people between the ages of 50 and 70, with a ratio of 2.8 men to 1 women1. Though the incidence of bile 
tract cancer (BTC) is comparatively low, it carries a significant disease burden and is associated with unfavorable 
survival rates. Despite early detection and radical surgery for cholangiocarcinoma, studies have documented 
brief recurrence-free intervals (ranging from 11 to 20 months) and elevated recurrence frequencies (between 
53–62%)2. Additionally, a majority of patients were first diagnosed with advanced cholangiocarcinoma cancer3. 
Therefore, understanding the factors related to cholangiocarcinoma recurrence or survival could have significant 
value in improving patient outcomes. Unlike other categories of cancer, progression of choalngiocarcinoma 
is closely connected to liver function. Tumour progression worsens hepatic function, but repeated treatments 
also impair hepatic function; hence, choosing appropriate treatments in clinical practice is challenging. For the 
past decade, standard treatment options for advanced hepatobiliary cancer have been limited4. Most patients 
undergo anticancer therapy, but the survival benefit is either limited or short-term. In the clinical practice, 
accurate survival forecasting is essential to provide optimal therapy to patients. Proteins in the blood of cancer 
patients can signal the presence and advancement of tumors. In medical practice, serum tumor markers like 
CEA, CA19-9, CA242, and CA50 have been validated as potential indicators for predicting survival outcomes 
in individuals with advanced cancers5,6. However, these biomarkers are inadequate to accurate prognosis 
prediction, with reports indicating inaccurate prediction in 45% of cases7–9. The complexity of these scoring 
systems makes it difficult to apply them widely in clinical practice, and thus, these biomarkers have not yet been 
widely adopted in clinical practice10.

Iron is an element important for promoting cell proliferation and growth, participating in cellular redox 
reactions and the generation of free radicals. Thus, iron is closely related to the onset and progression of 
tumours11. Elevated iron levels can increase oxidative stress in the tumor microenvironment, promoting 
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tumor cell metastasis12. Ferritin is an iron storing protein found in large quantities in cells. A small fraction 
of ferritin, known as serum ferritin, is found in the bloodstream. This serum ferritin serves as an indicator of 
iron reserves, with 1 ng/ml correlating to approximately 8 mg of stored iron13. Tendencies show that serum 
ferritin levels increase with age and are generally more elevated in males compared to females14. The elevation 
of serum ferritin usually shows iron overload, but it is also elevated in cases of inflammation, liver disease and 
malignancy15,16. Previous studies have indicated that high serum ferritin levels are associated with a poorer 
prognosis in various cancers, including pancreatic17,18, colorectal19,20, lung21,22, peripheral T-cell lymphoma, 
and hepatocellular carcinoma8. However, the impact of serum ferritin on survival outcomes in patients with 
advanced cholangiocarcinoma remains unexplored.

This study aimed to assess the potential of serum ferritin levels to predict survival outcomes prospectively in 
patients with advanced cholangiocarcinoma.

Materials and methods
Study population
All cases were obtained from patients who had radical surgery and were pathologically diagnosed with 
cholangiocarcinoma postoperatively at the Department of Hepatobiliary Surgery and Oncology, The Second 
Affiliated Hospital of Kunming Medical University, between July 2013 and December 2023, with complete 
pathological data. All study subjects excluded those with pregnancy, infections, liver and renal insufficiency, 
diabetes, heart failure, cerebral hemorrhage, and other complications, as well as those with other types of tumors. 
The study was approved by the Ethics Committee of the second Affiliated hospital of Kunming medical university 
(No. PJ-2021–216), and was conducted in accordance with the Declaration of Helsinki promulgated by the 
Chinese government. All enrolled patients had complete clinicopathological data and follow-up information, 
and no missing key variables were identified; thus, a complete case analysis was employed.

Collection of clinical data and prognostic follow-up
All relevant medical data of the patients were captured from the hospital’s medical information record system, 
including age, gender, tumour pathological features (including lymph node metastasis, vascular invasion, Ki-
67, CD34/31 expression, degree of tumour cell differentiation) and following treatments. Biochemical markers, 
including serum ferritin, CA19-9, CA125, CEA, pre-albumin(PA), total bilirubin (Tbil), albumin(ALB), 
neutrophil count(N), lymphocyte count(L), Monocyte count(M) and platelet count(P), were evaluated by 
peripheral blood test. Except for NLR (N/L), LMR (L/M), PLR (P/L) and serum ferritin, the cut-off values for all 
biochemical indicators were based on the reference ranges of the indicators.

Disease-free survival (DFS)
Disease-free survival (DFS) was as defined as the time from radical surgery to disease recurrence or death by any 
cause. When patient was out of follow-up or there is no record of death, the patient is censored. Patient survival 
time is defined as the period from the date of surgery to the final day of follow-up or to 31 December 2023 (the 
date on which survival was surveyed).

Statistical analysis
In this study, the X-tile software (Rimm Lab, Yale University, New Haven, CT, USA) was used to determine 
the optimal cut-off value for serum ferritin (196.5 ng/ml) through an exhaustive method. Patients’ DFS was 
measured using the Kaplan-Meier estimation method, and differences between survival values were compared 
using the log-rank test. Censoring on the right was implemented in survival analyses for incomplete time data. 
Chi-square tests were utilized for subgroup analyses regarding ferritin levels. Both univariate and multivariate 
analyses employed Cox proportional hazards modeling. Multivariate analyses used factors that were statistically 
significant in univariate analyses (P values ≤ 0.05) and controlled for confounders such as age and sex. Pearson’s 
correlation coefficient test was performed to assess the relationship between serum ferritin and other biochemical 
parameters. Data were analysed using SPSS (version 18.0; SPSS Inc.) P values ≤ 0.05 were considered statistically 
significant.

Results
Cholangiocarcinoma patients characteristics
A series of 120 patients with cholangiocarcinoma were incorporated in this study, and their clinicopathological 
characteristics are shown in Table 1. The average age was 60.5 years, 35 cases were extrahepatic cholangiocarcinoma, 
and 85 were intrahepatic cholangiocarcinoma. The follow-up period ranged from 1 to 124 months (47.9 ± 32.1 
months) (Fig. 1). As of December 31, 2023, a total of 14 patients (11.6%) had died.

Association between clinicopathological factors and prognosis in cholangiocarcinoma 
patients
In univariate Cox regression analysis (Table  2), clinicopathological factors such as serum ferritin, CA19-9 
level, CA125 level, CEA level, PA level, PLR, TBIL, Ki67 expression level, lymph node metastasis, lymph node 
dissection or not and whether adjuvant therapy was applied were significantly associated with survival outcomes. 
The Kaplan-Meier survival curve is shown in Fig. 2.

We further confirmed this correlation using the Cox regression model. The research indicated that patients 
with elevated serum ferritin levels had a 4.021-fold greater risk of tumor recurrence compared to those with lower 
levels (P = 0.001). The risk of tumour recurrence in patients with elevated serum CA19-9 levels was 1.944 times 
higher than in patients with low levels (P = 0.037). Patients with elevated total bilirubin levels faced a 0.423-fold 
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increased risk of tumor recurrence compared to those with lower levels (P = 0.045). For cholangiocarcinoma, 
a Ki67 positivity above 30% correlated with a 2.228-fold increased risk of tumor recurrence versus those with 
Ki67 positivity at or below 30% (P = 0.008). The risk of tumour recurrence in cholangiocarcinoma patients with 
lymph node metastases was 1.849 times higher than in patients without lymph node metastases (P = 0.040); 
the risk of tumour recurrence in cholangiocarcinoma patients without lymph node clearance was 2.841 times 
higher than in patients without lymph node metastases (P<0.001). Serum ferritin (HR = 4.021, P = 0.001), CA19-
9 (HR = 1.944, P = 0.037), Ki67 positive areas > 30% (HR = 2.402, P = 0.020), lymph node metastases (HR = 1.849, 
P = 0.040) and lymph node dissection (HR = 2.841, P<0.001) were significantly linked with DFS. We created a 
forest plot on the basis of the findings of the study (Fig. 3).

Fig. 1.  Disease-free survival of enrolled patients.

 

Variables Values Total(n) Percent(%)

Clinicopathological factors

Age (years) ≤ 60/>60 55/65 45.8/54.2

Gender Female/Male 53/67 44.2/55.8

Serum ferritin (ng/ml) ≤ 322/>322 47/73 39.2/60.8

CA19-9 (KU/L) ≤ 35/>35 27/93 22.5/77.5

CA125 (KU/L) ≤ 35/>35 98/22 81.7/18.3

CEA (ng/ml) ≤ 5/>5 94/26 78.3/21.7

PA (mg/L) ≤ 180/>180 54/66 45.0/55.0

ALB (g/L) ≤ 35/>35 35/85 29.2/70.8

Tbil (µmol/L) ≤ 26/>26 41/79 34.2/65.8

Ki-67 (%) ≤ 30/>30 64/56 53.3/46.7

CD34/31 No/Yes 79/41 65.8/34.2

NLR ≤ 3.5/>3.5 72/48 60.0/40.0

LMR ≤ 4.0/>4.0 86/34 71.7/28.3

PLR ≤ 138.5/>138.5 36/84 30.0/70.0

Lymphatic metastasis N0/N1-2/Nx 57/33/28 48.3/28.0/23.7

Vascular invasion No/Yes 74/46 61.7/38.3

Differentiated degree

Low 8 6.7

Low-medium 62 52.1

Medium 26 21.8

Medium-high 17 14.3

High 6 5.1

Postoperative adjuvant therapy No/Yes 62/58 51.7/48.3

Table 1.  Baseline characteristics in patients with cholangiocarcinoma (n = 120).
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Relationship between iron concentration, clinicopathological factors, and prognosis in 
cholangiocarcinoma patients
We categorised ferritin levels into two groups, low and high, based on cut-off values to assess the relationship 
between cholangiocarcinoma prognosis and pathological factors. The outcome indicated that the median survival 
was 33.0 months (range: 2.1–51.8 months) in the low ferritin group, whereas the median survival was 12 months 
(range: 1.0-40.9 months) in the high ferritin group (P < 0.001). Disease-free survival was significantly shorter 
in patients with high ferritin than in those with low ferritin. As shown in Table 3, there were no meaningful 
differences in age, gender, CA125 level, CEA level, PA level, ALB level, Ki-67 expression, and lymphatic 
metastasis between the two groups (P > 0.05). However, higher serum ferritin levels were strongly linked to 
CA19-9 (P = 0.028), vascular invasion (P = 0.012), CD34/31 expression (P = 0.021), Tbil level(P = 0.031), and 
whether or not adjuvant therapy was administered after surgery (P = 0.008). These findings suggest that serum 
ferritin is an independent predictor of prognosis in patients with cholangiocarcinoma.

Discussion
In the study, we analysed the value of serum ferritin levels in predicting survival outcomes in patients with 
cholangiocarcinoma in this study. To sum up, our study identified ferritin, CA19-9, Ki-67, and lymph node 
involvement as significant factors associated with the prognosis of individuals suffering from cholangiocarcinoma. 
CA19-9 is a typical tumour marker. Many studies have shown that CA19-9 is essential for the diagnosis, efficacy 
monitoring and prognostic evaluation of cholangiocarcinoma23–26. Previous studies have suggested that tumour 
ferritin levels in cancer patients may be linked to prognosis. Regarding cholangiocarcinoma, Zhou et al. found that 
reduced iron levels were strongly associated with a favourable clinical prognosis in cholangiocarcinoma patients27. 
Song et al. reported that serum ferritin could be a predictive factor in patients with advanced hepatobiliary 
carcinoma treated with Korean medicine28. A meta-analysis by Lin et al. showed that both intrahepatic and 
extrahepatic cholangiocarcinoma patients with high serum ferritin levels were significantly associated with poor 
prognosis17. In line with these results, our research also discovered that increased pre-treatment serum ferritin 
(SF) levels correlated with inferior overall survival (OS), recurrence-free survival/progression-free survival/time 
to recurrence (RFS/PFS/TTR) in individuals with cholangiocarcinoma. Additional subgroup analyses revealed 
that elevated SF levels were significantly linked to a reduced disease-free survival (DFS) in cholangiocarcinoma 
patients, irrespective of tumor classification, ethnic background, SF value thresholds, tumor-node-metastasis 
(TNM) staging, or Newcastle-Ottawa Scale (NOS) scores. Consequently, pre-treatment SF could be regarded as 
a valuable prognostic indicator for individuals afflicted with cholangiocarcinoma.

We then examined the relationship between serum ferritin (SF) levels and various clinicopathological factors, 
categorizing patients into two groups—low and high—based on the World Health Organization’s guidelines 
for ferritin levels. The analysis showed that patients with high ferritin levels were significantly correlated with 

Variables Values Univariate hazard ratio (95% CI) P-value Multivariate hazard ratio (95% CI) P-value

Age(years) ≤ 60/>60 1. 1.396 (0.851–2.288) 0.172

Gender Female/Male 0.982 (0.599–1.609) 0.941

Ferritin(ng/ml) ≤ 196.5/>196.5 2.871 (1.740–4.735) 0.000 4.021 (1.680–9.626) 0.001

CA19-9(KU/L) ≤ 105/>105 1.950 (1.182–3.218) 0.005 1.944 (1.041–3.632) 0.037

CA125(KU/L) ≤ 22.3/>22.3 1.813 (1.029–3.196) 0.018 0.687 (0.358–1.321) 0.261

CEA(ng/ml) ≤ 5/>5 2.284 (1.142–4.570) 0.002 1.602 (0.833–3.081) 0.158

PA(mg/L) ≤ 229.5/>229.5 1.800 (0.989–3.279) 0.024 1.491 (0.800-2.778) 0.208

ALB(g/L) ≤ 35/>35 0.860 (0.498–1.483) 0.570

Tbil(µmol/L) ≤ 34.2/>34.2 0.612 (0.364–1.027) 0.045 0.423 (0.209–0.857) 0.017

Ki-67(%) ≤ 30/>30 2.318 (1.383–3.884) 0.000 2.228 (1.237–4.013) 0.008

CD34/31 No/Yes 0.709 (0.425–1.182) 0.206

NLR ≤ 3.5/>3.5 1.064 (0.636–1.782) 0.809

LMR ≤ 4/>4 1.633 (0.940–2.838) 0.053

PLR ≤ 138.5/>138.5 0.573 (0.324–1.014) 0.028 0.887 (0.429–1.831) 0.745

Lymphatic metastasis
N1-2/N0
Nx/N1-2
Nx/N0

1.849 (0.963–3.549) 0.040 1.849 (0.963–3.549) 0.040

1.827 (0.952–3.505) 0.046

2.841 (1.403–5.753) 0.000 2.841 (1.403–5.753) 0.000

Vascular invasion No/Yes 1.214 (0.726–2.122) 0.932

Differentiated degree

Low 0.530

Low-medium 0.618 (0.198–1.925) 0.305

Medium 0.746 (0.249–2.235) 0.563

Medium-high 0.609 (0.181–2.056) 0.363

High 0.313 (0.070–1.392) 0.110

Postoperative adjuvant therapy No/Yes 0.601 (0.368–0.981) 0.043 0.640 (0.363–1.129) 0.123

Table 2.  Univariate and multivariable analysis of risk factors associated with disease-free survival.
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elevated CA19-9 (P = 0.028), high vascular invasion (P = 0.008), low CD34/31 expression (P = 0.038), and 
increased risk of postoperative adjuvant therapy and higher recurrence rate. CA19-9 is a notable tumor marker. 
CA19-9 is a carbohydrate antigen commonly association with cancers of the gastrointestinal tract and serves as 
an auxiliary diagnostic marker for malignant tumors such as pancreatic and gallbladder cancer, with significant 
utility in monitoring disease progression and recurrence29–31. Studies have shown that CA19-9 levels were 
significantly increased in the iron overload group compared to the ferritin-normal group. Correlation analysis 
showed that CA19-9 was strongly related to both iron overload and HbA1c32. After adjusting for confounding 

Fig. 2.  Kaplan-Meier survival curve.
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factors, iron overload and HbA1c were still found to be independently associated with CA19-9 levels. However, 
the mechanism by which ferritin influences CA19-9 still requires further research.

Serum ferritin maintains the iron homeostasis necessary for DNA synthesis and cell proliferation33. Due to 
differences in cell regeneration capacity, tumor cells require more iron than normal cells11. Serum ferritin binds 
to high molecular weight kininogen, thereby inhibiting its anti-angiogenic effects34. Coffman et al.32 discovered 
that ferritin promotes the colonisation of tumour endothelial cells, stimulates angiogenesis during tumour growth 
and enhancing tumour migration by antagonising the anti-angiogenic effects of HKa (cleaved high molecular 
weight kininogen)35. Our study showed that high ferritin levels are closely associated with high vascular invasion 
(P = 0.008) and low CD34/31 expression (P = 0.038), which are important markers of angiogenesis36.

Our research also revealed that ferritin is associated with the responsiveness to postoperative adjuvant 
treatments. It has been observed that in radiation-resistant cells from cancers of the breast, lung, bladder, glioma, 

Variables Values

Ferritin (ng/mL)

P-valueLow(n = 34) High(n = 86)

Age (years) ≤ 60/>60 17/17 38/48 0.565

Gender Female/Male 16/18 37/49 0.688

CA19-9 (KU/L) ≤ 35/>35 16/18 11/75 0.028

CA125 (KU/L) ≤ 35/>35 31/3 67/19 0.090

CEA (ng/ml) ≤ 5/>5 27/7 67/19 0.857

PA (mg/L) ≤ 200/>200 13/21 41/44 0.501

ALB (g/L) ≤ 35/>35 5/29 30/56 0.069

Tbil (µmol/L) ≤ 26/>26 19/15 28/58 0.031

Ki-67 ≤ 30/>30 21/13 43/43 0.244

CD34/31 Yes/No 17/17 24/62 0.021

NLR ≤ 3.5/>3.5 24/10 48/38 0.137

LMR ≤ 4.0/>4.0 21/13 65/21 0.130

PLR ≤ 138.5/>138.5 24/10 60/26 0.930

Lymphatic metastasis N0/N1-2/Nx 19/5/8 38/28/20 0.171

Vascular invasion No/Yes 27/7 47/39 0.012

Differentiated degree

Low 2 6

0.562

Low-medium 14 48

Medium 9 17

Medium-high 5 12

High 3 3

Postoperative adjuvant therapy No/Yes 11/23 51/35 0.008

Table 3.  Subgroup analysis according to serum ferritin level (n = 120).

 

Fig. 3.  Forest flot according to the Cox regression model.
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and prostate, there is an accumulation of lipid droplets37. This accumulation leads to the release of specific lipids 
that inhibit iron-dependent cell death and subsequently increase ferritin expression38,39. Among the 58 patients 
in this study who underwent postoperative adjuvant therapy, those with elevated serum ferritin levels exhibited 
reduced progression-free survival (PFS) and a greater likelihood of treatment failure, suggesting a connection to 
a ferritin-mediated resistance mechanism. Regrettably, given the retrospective nature and single-center design of 
our study, the causal relationships cannot be definitively established at this stage. Therefore, additional external 
validation, along with further foundational and clinical research, is necessary to substantiate these observations.

The research encountered constraints, including its retrospective approach and small sample size. Additionally, 
it lacked iron-related biomarkers such as serum iron, transferrin, and total iron-binding capacity, which are 
not commonly measured in clinical practice. Therefore, there is a necessity for well-structured, prospective 
studies to validate the results of this investigation. The results indicated that elevated Tbil unexpectedly emerged 
as a protective factor. This finding contradicts conventional understanding and may be related to the limited 
sample size. Literature reports suggest that under specific circumstances, bilirubin may correlate with improved 
prognosis through its antioxidant properties that mitigate oxidative stress damage, or by inducing mitochondrial 
depolarization to promote tumor cell apoptosis40–43. A study limitation is the uncontrolled heterogeneity in 
adjuvant therapies, which we could not dissect due to small subgroup sizes. Furthermore, while serum ferritin 
is a significant prognostic biomarker, this observational study cannot establish causality. Thus, elevated ferritin 
is best interpreted as a composite indicator of tumor burden and concomitant pathologies, signifying poor 
prognosis rather than directly causing it. Its specific mechanistic role requires future study.

In summary, serum ferritin concentrations correlate with the outcome of cholangiocarcinoma. Our study 
revealed that among patients with cholangiocarcinoma, those with elevated serum ferritin levels (SF ≥ 196.5 ng/
ml) had significantly poorer disease-free survival rates than those with lower levels. This suggests that serum 
ferritin might be a significant biomarker for predicting outcomes in cholangiocarcinoma. Moreover, additional 
research is needed to fully understand how serum ferritin affects the disease’s progression.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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