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A diagnostic 6-metabolite model was able to discriminate PSC patients with high accuracyPrimary sclerosing cholangitis (PSC) substantially increases the risk of developing 

cholangiocarcinoma (CCA), which is the leading cause of premature death in this 

population. The diagnosis of PSC and CCA is often challenging due to its 

heterogeneous presentation, yet accurate patient identification remains essential for 

appropriate prognostic assessment and long-term management. Current surveillance 

strategies, based on annual MRI, have not demonstrated a clear survival benefit, 

highlighting a major unmet need in this field. This study aimed to evaluate the serum 

metabolite profiling as a non-invasive liquid biopsy strategy for: i) PSC diagnosis 

and ii) early detection of CCA in patients with PSC
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PSC model metabolites selection

The PSC and PSC-CCA blood tests provide a non-invasive approach for diagnosing PSC and PSC-CCA, addressing an important need in this 

population. Their integration into clinical practice could enhance risk stratification, early detection, personalized surveillance, and treatment decision-

making in PSC patients.

Figure 3. Candidate metabolite selection for the PSC 

model. Of the 484 detected metabolites, 52 final 

candidates were associated with PSC independently 

from biological sex, age, presence of cirrhosis and UDCA 

treatment.

Figure 2. Serum metabolomics workflow. Serum was processed using three extraction platforms (depending on 

metabolite class), followed by ultra high-performance liquid chromatography coupled with mass spectrometry 

(UHP-LC/MS). Data pre-processing included signal processing, normalization, and quality control. Univariable 

analyses and multivariable logistic adjustments were used to identify candidate metabolites, while a machine-

learning–based approach was applied to select the optimal models in the discovery cohort, followed by 

independent validation. Logistic regression emerged as the optimal model for both PSC and PSC-CCA diagnosis.

Figure 1. Cohort selection for PSC and PSC-CCA tests. Patients were randomized into discovery and validation 

cohorts. UC and healthy individuals served as controls for PSC diagnosis, while PSC patients without CCA 

progression within one year were used as controls for the PSC-CCA test. The PSC-CCA test was then applied to a 

PSC-to-CCA cohort to assess its predictive performance.
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NOVEL BLOOD METABOLOMIC TESTS FOR THE DIAGNOSIS OF PRIMARY SCLEROSING CHOLANGITIS 

AND ASSOCIATED CHOLANGIOCARCINOMA
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A diagnostic 6-metabolite model was able to to detect PSC–CCA at early stages, outperforming CA19-9

Performance of the PSC-CCA diagnostic model in the cohortPSC-CCA model metabolites selection
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Figure 5. Candidate metabolite selection for the PSC-

CCA model. Of the 484 detected metabolites, 20 

candidates were associated with PSC-CCA 

independently from biological sex, age, cirrhosis, UDCA 

treatment and biochemical measurements.

Pre-clinical detection performance 

of the PSC–CCA model

Figure 4. Diagnostic performance of the PSC metabolomic model. Performance of the 6-metabolite algorithm for the 

discrimination of (A) patient with PSC in the overall cohort; (B) in patients with or without IBD or (C) in  patients with PSC-CCA, 

in comparison to healthy individuals.

Figure 6. Diagnostic performance of the PSC-CCA metabolomic model. Performance of the 6-metabolite algorithm for the 

discrimination of (A) patient with PSC-CCA in the discovery and validation cohorts, in comparison to patients with isolated PSC; 

(B) in patients with early PSC-CCA stages or (C) in  patients with PSC patients who developed CCA within one year of sampling 

but that displayed no clinical evidences of malignancy at sampling, compared with PSC patients who did not present CCA for at 

least two years. 
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