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Why primary sclerosing cholangitisremains a
therapeutic graveyard
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Primary sclerosing cholangitis (PSC) is a progressive cholestatic liver disease with no approved
disease-modifying therapies. Patients face relentless bile duct inflammation and fibrosis, leading to cirrhosis,
liver failure, and an increased risk of cholangiocarcinoma. The absence of effective medical treatment means
liver transplantation remains the only definitive intervention for advanced disease.

The Pivot: Despite a clear unmet need, every investigational agent targeting various PSC pathways has
failed to demonstrate clinical benefit.

The Data: No drug has shown a statistically significant improvement in hard clinical endpoints like
transplant-free survival or progression to cirrhosis.

The Action: Clinicians must continue to manage symptoms and monitor for complications, as current
research has not provided new therapeutic options.

Primary sclerosing cholangitisisarare, chronic, and progressive cholestatic liver disease characterized by inflammation
and fibrosis of the intrahepatic and/or extrahepatic bile ducts. This scarring leads to strictures, impaired bile flow, and
ultimately, biliary cirrhosis and liver failure. The disease disproportionately affects men and is strongly associated with
inflammatory bowel disease, particularly ulcerative colitis. Patients often present with fatigue, pruritus, and jaundice,
but a significant proportion are asymptomatic at diagnosis, identified through abnormal liver function tests.

The natural history of PSC isvariable but generally grim, with amedian survival from diagnosisto liver transplantation
or death ranging from 10 to 15 years. The relentless progression of fibrosis, coupled with the high risk of
cholangiocarcinoma, underscores the urgent need for effective disease-modifying therapies. Current management
focuses on symptomatic relief, surveillance for complications, and eventual liver transplantation. Ursodeoxycholic acid
(UDCA) is often prescribed, but its efficacy in altering disease progression or improving survival in PSC remains
unproven, and high doses have even been associated with adverse outcomesin some studies.

The Elusive Pathophysiology

The precise mechanisms driving PSC are not fully understood, which complicates drug development. The disease

is thought to arise from a complex relationship of genetic predispositions, environmental triggers, and immune
dysregulation. Genetic studies have identified associations with human leukocyte antigen (HLA) haplotypes and other
non-HLA genes involved in immune responses and biliary transport. This genetic complexity suggests that asingle
therapeutic target may be insufficient to halt disease progression.
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Immune-mediated injury isacentral hypothesis. Aberrant T-cell responses, B-cell activation, and dysregulation of innate
immunity, including natural killer cells and macrophages, have all been implicated. The gut-liver axisaso playsacritical
role, with altered gut microbiota and increased intestinal permeability potentially contributing to chronic inflammation
in the biliary tree. Bacteria products or toxins translocating from the gut to the liver could trigger or perpetuate the
immune response, a concept that has driven some therapeutic strategies.

Bile acid toxicity isanother key factor. Impaired bile flow leads to the accumulation of hydrophaobic bile acids, which are
cytotoxic to cholangiocytes and hepatocytes. This toxicity exacerbates inflammation and promotes fibrosis. Targeting
bile acid metabolism or transport has been alogical approach in drug development, aiming to reduce the burden of toxic
bile acids and improve biliary drainage. But, even these seemingly straightforward interventions have not translated into
clinical success.

A Litany of Failed Trials
Thehistory of drug development for PSC ismarked by repeated failures. Numerous agents, spanning diverse mechanisms

of action, have entered clinical trias, only to fall short of demonstrating meaningful benefit. This consistent lack of
success has | eft clinicians with few options beyond supportive care and transplantation. The challenge lies not just in
identifying a potent molecule, but in understanding the complex, multifactorial nature of the disease itself.

I mmunosuppressants, a mainstay in many autoimmune conditions, have largely failed in PSC. Corticosteroids,
azathioprine, methotrexate, and cyclosporine have all been investigated, but none have shown consistent efficacy in
improving liver biochemistry, histology, or clinical outcomes. In some cases, these agents have been associated with
significant side effects, further limiting their utility. This suggests that the immune dysregulation in PSC may be
fundamentally different from that in other autoimmune liver diseases, or that the damage is aready too advanced by
the time these drugs are initiated.

Antifibrotic agents, designed to halt or reverse the scarring process, have also been unsuccessful. Given that fibrosis
isthe ultimate driver of liver failure in PSC, targeting this pathway seems intuitive. But, drugs aimed at inhibiting
collagen synthesis, modul ating stellate cell activation, or blocking profibrotic cytokines have not demonstrated sufficient
efficacy to warrant approval. This highlights the difficulty in reversing established fibrosis, particularly in a disease
with ongoing inflammatory insults. For a deeper understanding of liver disease mechanisms, clinicians might consult
Sherlock's Diseases of the Liver and Biliary System.

Bile acid modulators, beyond UDCA, have aso been explored. These include farnesoid X receptor (FXR) agonists,
which regulate bile acid synthesis and transport, and apical sodium-dependent bile acid transporter (ASBT) inhibitors,
which reduce intestinal reabsorption of bile acids. While some of these agents have shown promise in improving liver
biochemistry, particularly alkaline phosphatase levels, they have not consistently trandated into improvements in hard
clinical endpoints such as transplant-free survival or progression to cirrhosis. The disconnect between biochemical
markers and long-term clinical outcomes remains a significant hurdle in PSC trials.

The Challenges of Clinical Endpoints
One of the primary difficulties in PSC drug development is the selection of appropriate clinical endpoints. The slow,

progressive nature of the disease means that trials often need to be long and involve alarge number of patients to detect
differencesin hard outcomeslike liver transplantation or death. This makestrials expensive and logistically challenging.

ART-2026-1348 2/5
https://thelifesciencefeed.com/hepatology/primary-sclerosing-cholangitis/primary-sclerosing-cholangitis-therapy-failure



% Life Science Feed HEPATOLOGY/ PRIMARY SCLEROSING CHOLANGITIS

Surrogate endpoints, such as changesin alkaline phosphatase (ALP) levels or histological improvement, have been
investigated, but their correlation with long-term clinical benefit is not always clear.

ALPisacommonly used biochemical marker in PSC, and reductionsin ALP have been associated with better outcomes
in some retrospective studies. But, as seen with some bile acid modulators, improvementsin ALP do not always predict
areductionin clinical events. Thisraises questions about the validity of ALP asaprimary endpoint for registration trials.
Histological endpoints, while more direct measures of disease activity and fibrosis, are invasive and subject to sampling
variability, making them less practical for routine monitoring or as primary endpointsin large-scale trials.

The heterogeneity of PSC also complicatestrial design. Patients can have varying degrees of disease severity, different
patterns of bile duct involvement, and a strong association with inflammatory bowel disease. These factors can influence
disease progression and response to therapy, making it difficult to identify a uniform treatment effect across the entire
patient population. Subgroup analyses are often underpowered and can lead to inconclusive results. Thisis acommon
challenge in rare diseases, where patient numbers are inherently limited, a point often discussed in broader contexts of
chronic disease management.

L ooking Ahead: New Approaches and Biomarkers
Despite the setbacks, research continues into novel therapeutic strategies for PSC. Efforts are focusing on a deeper

understanding of disease pathogenesis, identifying new therapeutic targets, and developing more reliable biomarkers.
Combination therapies, targeting multiple pathways simultaneously, may be necessary to overcome the complex nature
of the disease. For example, combining an anti-inflammatory agent with an antifibrotic or a bile acid modulator could
offer amore comprehensive approach.

The devel opment of non-invasive biomarkersis vital for patient outcomes. Imaging techniques, such as magnetic
resonance cholangiopancreatography (MRCP) and elastography, are becoming more sophisticated and may provide
better tools for assessing disease progression and treatment response. Serum biomarkers, including novel inflammatory
and fibrotic markers, are a so under investigation. A reliable non-invasive biomarker that correlates strongly with clinical
outcomes would significantly accelerate drug development by allowing for shorter, more efficient trials.

Precision medicine approaches, stratifying patients based on genetic profiles, disease phenotype, or specific biomarker
signatures, could also improve the success rate of future trials. Identifying subgroups of patients who are more likely to
respond to a particular therapy could lead to more targeted and effective treatments. This approach has shown promise
in other complex diseases and may be the key to finally breaking the cycle of therapeutic failure in PSC. The challenges
in PSC drug development are a stark reminder of the complexities inherent in autoimmune disease research.

The consistent failure of therapies in PSC underscores a fundamental gap in our understanding of this disease. We are
till largely treating symptoms and hoping for the best, rather than addressing the root cause. The role of the microbiome
continues to be an area of intense research. Modulating the gut microbiota through prebiotics, probiotics, or fecal
microbiota transplantation (FMT) is an intriguing avenue. Early studies have explored these interventions, but robust
clinical trial data demonstrating efficacy in PSC are still lacking. The intricate relationship between gut dysbiosis and
liver inflammation suggests that targeting the microbiome could be a viable strategy, but the specific mechanisms and
optimal interventions remain to be elucidated.

I CLINICAL IMPLICATIONS
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The repeated failures in primary sclerosing cholangitis drug development are a sobering reality for

clinicians and patients alike. It means that for now, the management of PSC remains largely supportive,
focused on symptom control, surveillance for complications like cholangiocarcinoma, and timely referral

for liver transplantation. There is no magic bullet, and the current therapeutic market offers little beyond
ursodeoxycholic acid, which itself lacks robust evidence for disease modification.

This persistent void in effective treatments places a heavy burden on patients, who face a progressive disease
with significant morbidity and mortality. It also highlights the immense challenge for pharmaceutical companies
in developing drugs for complex, heterogeneous conditions where the pathophysiology is not fully understood
and reliable surrogate endpoints are elusive. The financial and scientific risks are substantial, and the return
on investment remains uncertain.

For general practitioners and specialists, the message is clear: do not expect a new disease-modifying
therapy for PSC in the immediate future. Continue to manage symptoms, monitor liver function, and refer

to hepatology specialists for advanced care and transplant evaluation. The focus must remain on optimizing
existing supportive measures and ensuring patients receive comprehensive care, even in the absence of a
transformative drug.

The ongoing research, despite its setbacks, is vital for patient outcomes. A deeper understanding of PSC's
pathogenesis, coupled with the development of better biomarkers and more sophisticated trial designs, is the
only path forward. Until then, clinicians must continue to navigate this challenging disease with the limited
tools available, prioritizing patient quality of life and preparing for the inevitable progression to liver failure in
many cases.

EDITORIAL & Al STANDARDS
Al tools are used solely to structure and summarise evidence from peer-reviewed primary sources. No Al-generated conclusions appear in The
Life Science Feed without editor verification against the primary source.
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MEDICAL DISCLAIMER
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