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Introduction

Primary Sclerosing Cholangitis (PSC) is a chronic inflammatory
cholangiopathy that results in fibrotic strictures and dilations of the
intra- and extrahepatic bile ducts. The pathogenesis of PSC has not
been fully elucidated, the disease is uncommon, occurs predominantly
in young males and has a strong association with Inflammatory Bowel
Disease (IBD). There are significant variation in clinical course of PSC
associated with age at diagnosis, sex, and ductal and IBD subtypes
[1]. There is no medical treatment of proven benefit on survival;
most liver-related morbidity and mortality is the results of portal
hypertension and chronic liver failure. However, the course of PSC is
highly variable, and so far no prognostic markers have been shown to
predict outcomes in asymptomatic, early-stage patients.

The prognosis of chronic cholestatic liver disease depends at least
in part on the extent of fibrosis in the liver parenchyma [2]. Semi-
quantitative evaluation of nodular size and fibrotic septal width in
respect to hepatic venous pressure gradient (HVPG) were proposed
by Laennec based on the original histological description of the
cirrhosis [3-6]. HVPG is the gold standard to estimate the severity of
portal hypertension in liver cirrhosis. It correlates with structural and
functional changes in liver parenchyma and gives valuable prognostic
information to stratify the mortality risk [7]. Liver cirrhosis should
be regarded as a multistage liver disease [8]; it can be accurately sub-
classified using quantification of fibrosis with collagen proportionate
area (CPA) as the predictor of clinical decompensation [9].

Liver biopsy remains the “gold standard” in evaluation of
necroinflammation activity and fibrosis of the liver parenchyma.
However, it has limitations due to invasiveness, small tissue samples,
patchy distribution of fibrotic areas in parenchyma and inter- and
intra-observer error. Moreover, liver biopsy is not appropriate to
regularly monitor fibrosis progression or response to treatment [10].
Thus, ultrasound-based shear wave elastography methods enabling
liver stiffness measurements (LSM) have been implemented for
noninvasive evaluation of fibrosis of the liver, with biopsy reserved for
uncertain cases.

The various elastography methods differ with respect to what they
do with these displacement data to create an elastogram or elasticity
measurement. There are three options for the property to be displayed:
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1. Display of displacement without further processing, as in acoustic
radiation force impulse (ARFI) imaging. Tissue displacement
is associated with shear deformation. The greater the force, the
greater the displacement, but stiff tissues are displaced less than
soft tissues. ARFI remains the proprietary imaging technology
Siemens Virtual Touch™, and it is not used for assessment of
diffuse liver conditions.

2. Display of tissue strain or strain rate, calculated from the spatial
gradient of displacement or velocity,

3. Display of shear wave speed, calculated by using the time varying
displacement data to measure the arrival time of a shear wave
at various locations. All such methods are grouped under the
heading shear wave elastography (SWE), and include transient
elastography (TE), point shear wave elastography (pSWE)
and multidimensional shear wave elastography (2D-SWE and
3D-SWE).

Shear wave elastography (SWE) is a method that use shear wave speed
and includes:

1. Transient elastography (TE, FibroScan, Echosens, France):
shear wave elastometry by measurement of the speed of a shear
wave that has been generated using a surface impulse,

2. Point shear wave elastography (pSWE): shear wave elastometry
at a location by measurement of the speed of a shear wave
generated using acoustic radiation force,

3. Multidimensional shear wave elastography (2D-SWE, 3DSWE):
quantitative SWE imaging (and elastometry) by measuring the
speed of shear waves generated using acoustic radiation force.

The major potential confounding factors (liver inflammation
indicated by AST and/or ALT elevation >5 times the normal
limits, obstructive cholestasis, liver congestion, acute hepatitis and
infiltrative liver diseases) should be excluded before performing
LSM with SWE, in order to avoid overestimation of liver fibrosis
[11].

Ultrasound-based methods

In chronic liver disease LSM accurately reflects liver fibrosis, which
is the major component of increased intrahepatic vascular resistance
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leading to portal hypertension. LSM improves the noninvasive risk
stratification of patients with compensated advanced chronic liver
disease as a possible surrogate for portal hypertension [12]. More
than 90% of patients with an LSM > 20-25 kPa ( evaluated by transient
elastography ) will have clinically significant portal hypertension. In
advanced chronic liver disease of non-cholestatic aetiology, endoscopy
can be safety avoided by using LSM and platelet count in combination:
LSM of < 20 kPa and PLT > 150 g/L pointed to < 5% risk of esophageal
varices needing treatment [12].

Transient elastography (TE) (FibroScan, Echosens, France)
is currently the most widely used technique, validated in chronic
hepatitis C [13], in primary biliary cholangitis (PBC) [14, 15] and
primary sclerosing cholangitis [16]. TE measures the speed of
propagation of an elastic shear wave in the liver, and the harder the
tissue, the faster the shear, which is measured in kilopascals (kPa).
The examination is performed on the right lobe of the liver, and
the measurement depth trough intercostal space is 25-65 mm using
standard M-probe, and 35-75 mm with XL-probe (Figure 1). Liver
stiffness measurement based on TE has been shown to correlate with
histological fibrosis stage and severity of portal hypertension [17, 18].
TE seems to be a predictor of clinical outcomes in relationship to liver-
related complications and mortality [19, 20]. Additionally, TE is able
to predict clinically significant portal hypertension in patients with
compensated chronic liver disease or cirrhosis [21]. However, early
compensated liver cirrhosis can be overlooked in up to 30% of patients
and transient elastography seems to be better at excluding advanced
fibrosis rather than confirming liver cirrhosis. Fibrosis stage F > 2 is
diagnosed with 84-87% accuracy, and F> 3 with 88-89%. Diagnostic
accuracy is excellent — 93-96% for the diagnosis of liver cirrhosis, with
sensitivity and specificity of 70-79%, 78-84% for F > 2 and 83-87% and
89-95% for the diagnosis of F = 4. Cut-offs were in the range of 7.3-7.9
kPa for F > 2, and 13.0-15.6 kPa for the diagnosis of liver cirrhosis.

In the newest study of Krawczyk et al. TE correlated with Laennec
stages of fibrosis, collagen contents and with diameter of thickest
septa in explanted livers in PSC patients. In multivariate model liver
fibrosis according to either Leannec score or collagen contents was
significantly associated with TE. PSC cirrhotics patients had increased
liver stiffness and the TE cut-off of 13.7 kPa showed the best predictive
value (AUC=0.90, 95%CI 0.80-1.00, P<0.0001) for detecting liver
cirrhosis [57].

The measurement failure rate is low (5-10%) with obesity (BMI >
30 kg/m?), ascites, congestive heart failure, postprandial time and the
presence of narrow intercostal space considered to be limiting factors.
However, obstructive cholestasis also influenced the results of TE [22].

Newer elastography methods based on the measurements of
shear wave velocity include point share wave elastography (pSWE)
and two-dimensional SWE (2D- SWE). SWE is usually integrated
into conventional ultrasonography system (Figure 2). The region
of interest (ROI) can be positioned under brightness-modulation
(B-mode), and a single acoustic impulse is used to induce a share wave
within a ROI of 1.0 x 0.5 cm or 2 x 2 cm in 2D SWE. The examination
should be performed at least 1 cm below the liver capsule on the right
lobe, and can be displayed in m/s and/or kPa. ROI can be positioned
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manually in different depths of the liver. However, there are no clear
interpretation of point SWE and 2D SWE recommended to date.
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Figure 1. Transient elastrography.

The probability of correctly diagnosing EV following a positive
measurement did not exceed 70% [21]. Thus, LSM-spleen diameter
to platelet ratio score and simplified combination of LSM and platelet
count were also assessed with good results of ruling out varices
needing treatment [23, 24]. LSM can be also used to predict clinical
decompensation in the patients with compensated cirrhosis of the
liver. On the other hand, spleen undergoes parenchymal modeling in
patients with portal hypertension, and spleen stiffness measurement
(SSM) is closely associated with portal hypertension, its severity and
complications [25]. SSM is promising parameter for use in predicting
the presence and size of EV [12]. Validated cut-off values in PSC are
not available yet.

Magnetic-resonance based method

With magnetic resonance elastography (MRE) mechanical shear
waves are sent into the tissue and displayed as elastograms using
phase-contrast image sequences. MRE can examine the very large
areas of the right lobe of liver. The limitation of MRE are obesity,
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Figure 2. Shear-wave elastography.

claustrophobia and iron overload. Recently, in the study of Wang et
al. the performance of MRE was significantly better than laboratory
tests for detection of advanced fibrosis, and cirrhosis and better
than conventional MRI for diagnosis of cirrhosis in patients with
autoimmune hepatitis [26]. In a retrospective review of 266 PSC
patients to examine whether liver stiffness (LS) was associated with
the primary endpoint of hepatic decompensation (ascites, variceal
hemorrhage and hepatic encephalopathy), MRE was able to detect
cirrhosis with high specificity and LS obtained by MRE was predictive
of hepatic decompensation in PSC patients in Eaton et al study. Liver
stiffness of 4.93 kPa was the optimal point to detected F4 fibrosis, with
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sensitivity 1.00 (95% confidence interval (CI), 0.40-1.00) and specificity
0f 0.94 (95%CI, 0.68-1.00). LS was associated with the development of
decompensated liver disease (Hazard ratio, 1.55; 95%CI, 1.41-1.70).
The optimal LS thresholds that stratified patients at a low, medium and
high risk for hepatic decompensation were <4.5, 4.5-6.0 and >6.0kPa,
respectively [27]. However, MRE seems to be promising modality
for detection of advanced fibrosis and liver cirrhosis, with superior
diagnostic accuracy compared to laboratory assessment and MRI, but
not precirrhotic stages of chronic liver diseases. On the other hand,
MRE is very expensive and time-consuming.

Serum biomarkers

Prospective studies demonstrated that single markers e. g., a2-
macroglobulin [28], procollagen IIT N-peptide [29], apolipoprotein
Al [28], haptoglobin [30], hyaluronic acid [31], metalloproteinases
[32] allow discrimination between advanced and absent fibrosis.

The enhanced liver fibrosis (ELF) test is a promising panel,
incorporating three direct serum markers of fibrosis in an algorithm:
hyaluronic acid, tissue inhibitor of metalloproteinases-1 (TIMP-1),
and amino-terminal pro-peptide of type III pro-collagen (PIIINP)
[33]. The ELF test accurately predicted significant liver fibrosis and
furthermore predicted clinical outcome in several independent
populations and in patients with various aetiologies of chronic liver
disease [34] as well as with PSC. The ELF test consistently predicted
liver transplant-free survival in PSC patients independently of other
risk factors or risk scores [35]. The ELF test distinguished between
mild and severe disease defined by clinical outcome (transplantation
or death) with an area under the curve of 0.81 (95% confidence
interval [CI] 0.73-0.87) and optimal cutoff of 10.6 (sensitivity 70.2%,
specificity 79.1%). In multivariate Cox regression analysis ELF score
was associated with transplant-free survival independently of the Mayo
risk score. The ELF test correlated also with ultrasound elastography
in separate assessments [35]. In a large multicenter cohort, EFL test
predicts prognosis in PSC and may be used for risk stratification in
clinical follow up; optimally together with clinical prognostic scores
may add incremental prognostic value [36].

Placental growth factor (PLGF), growth differentiation factor-15
(GDF-15) and hepatic growth factor (HGF) are involved in hepatic
fibrogenesis. The panel of these three serum markers was useful for the
detection of patients with advanced fibrosis and the risks described
by the combinations of these markers were independent from other
classical fibrosis risk factors. The set of markers may be a useful tool to
monitor patients with chronic liver diseases during and after therapy
[37].

Inflammatory protein, i.e. IL-8 in bile and serum was an important
indicator of disease severity and prognosis in patients with primary
sclerosing cholangitis, and associated with transplant-free survival
in multivariable analyses independently of age and disease duration,
indicating an independent influence on PSC progression [38]. This is
also in line with the results of the study of Buck et al [39]. Hepatic
venous pressure gradient (HVPG) can reflect progression of disease in
the precirrhosis stage. Portal hypertension is pathogenically related to
liver injury and fibrosis [40] and that in turn these are associated with
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the activation of inflammatory pathways [41]. The novel inflammatory
serum biomarkers (e.g. Il-1b, Fas-R, VCAM, CD163) were significantly
correlated with HVPG in patients with compensated cirrhosis in this
study.

Autotaxin (ATX), which is involved in the synthesis of
lysophosphatidic acid, is not only associated with pruritus but also
indicates impairment of other health-related quality of life (HRQoL)
aspects, liver dysfunction, and can serve as a predictor of survival
[42]. Impairment of HRQoL might be also associated with vitamin
D receptor (VDR) gene polymorphisms (rs1544410-Bsml; rs7975232-
Apal). Apal polymorphisms in VDR may exert an effect on disease-
related symptoms and quality of life in the study of 275 patients with
PSC [43].

However, none of the proposed markers or panels have gained
as much acceptance as the invasive approach [44]. This may be due
to relatively high costs of marker measurements, and low sensitivity
to discriminate between fibrotic, cirrhotic or steatotic liver lesions.
As a result, no scores based on serum levels of hepatic fibrosis
markers are actually regarded as definite methods upon which
therapeutic decisions can be based. It might be that the combination
of markers reflects the presence of significant liver fibrosis detected
by elastography and histology and may also identify patients at risk
presenting with low elastography values as proofed by Krawczyk M,
etal. [37].

Simple laboratory tests

Laboratory-based methods for staging liver fibrosis include
the FibroTest® [45], the serum aspartate aminotransferase/platelet
ratio index (APRI) [46], the Fibrosis 4 (FIB-4) test [47], and the
enhanced liver fibrosis test [48]. AST/ALT ratio [49] can also allow to
discriminate between advanced and absent fibrosis.

However, these tests may detect cirrhosis, but their ability to
reflect the stages of fibrosis in ATH is uncertain [50-54]. The result of
the recent study of Anastasiou et al. showed that TE, NAFLD fibrosis
score and FibroQ might help in evaluation of liver fibrosis in AIH, but
without differentiating mild form from advanced stages of fibrosis in

autoimmune hepatitis [55].

In the study of Krawczyk et al. TE correlated with Laennec
stages of fibrosis, and with serum indices of liver injury, namely AST,
bilirubin as well as FIB-4 and APRI scores in patients with PSC [57].

Conclusion

Primary sclerosing cholangitis (PSC) is a progressive biliary
disease lacking medical treatment with currently no established tools
to predict prognosis in the individual patient. The lack of biomarkers
for risk stratification is an important obstacle to the development of
therapy.

Liver fibrosis seems to be the strongest predictor of liver stiffness
assessed with TE. TE correlates with liver fibrosis, markers of liver
injury and portal hypertension in patients with PSC. It might be that
TE is a reliable tool for non-invasive monitoring of PSC. It seems also
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that the combination of serum profibrotic biomarkers with evaluation
of liver fibrosis with elastography may improve the non-invasive
diagnostic utility for clinically significant fibrosis [56]. However, still
the Enhanced Liver Fibrosis (ELF®) test and Mayo risk score proved to
be stronger predictors of transplant-free survival in PSC [38].
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