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Hepatobiliary manifestations of cystic fibrosis (CF) are variable, 
but include alterations attributable to the underlying genetic 

defect, malnutrition, lesions of iatrogenic origin and changes that 
reflect the effects of a systemic disease. Focal biliary cirrhosis due to 
biliary obstruction with progressive periportal fibrosis is the most clin-
ically relevant problem because multilobular biliary cirrhosis, portal 
hypertension and, eventually, liver failure may develop (1). In fact, 
successes in the management of CF-related respiratory and nutritional 
complications have resulted in an increased recognition of liver dis-
ease, which now ranks as the third leading cause of mortality in 
patients with CF (1).

Unfortunately, several challenges exist in the identification of 
CF-associated liver disease (CFLD) given the wide spectrum of hepatic 
complications associated with this condition. Standard screening 
using physical examination, liver biochemistry and abdominal ultra-
sound imaging lacks sensitivity for early hepatic involvement in CF 
and for predicting who is at risk for progression to cirrhosis (2). As 
such, liver biopsy remains the gold standard for diagnosing and staging 
hepatic fibrosis in patients with CF. However, there are several limita-
tions with the routine use of liver biopsy, including the focal nature of 
early CF-related lesions, which may lead to sampling error and sub-
jectivity in histological interpretation. Moreover, the invasiveness of 
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BACKGROUND: Liver disease is the third leading cause of mortality 
in patients with cystic fibrosis (CF). However, detection of 
CF-associated liver disease (CFLD) is challenging. 
OBJECTIVE: To evaluate the diagnostic performance of noninva-
sive methods for the detection of CFLD with a focus on transient 
elastography (TE).
METHODS: Patients at the Adult CF Clinic of Calgary and Southern 
Alberta (n=127) underwent liver stiffness measurement (LSM) by TE 
using the FibroScan (FS, Ecosens, France) M probe; aspartate amino-
transferase to platelet ratio index (APRI) and FibroTest (FT) scores 
were also calculated. The diagnostic performance of these tools for the 
detection of CFLD (defined as two or more the following criteria: abnor-
mal liver biochemistry, hepatomegaly or sonographic abnormalities 
other than steatosis) were compared using the area under ROC curves.
RESULTS: Forty-seven percent of the cohort was male. The median 
age was 27 years (interquartile range [IQR] 22 to 37 years) and body 
mass index 21 kg/m2 (IQR 19 kg/m2 to 23 kg/m2); 25% of patients 
were on ursodeoxycholic acid and 12% had undergone lung transplan-
tation. The prevalence of CFLD was 14% (n=18). FS was successful in 
all patients; one (0.8%) patient had poorly reliable results (IQR/M 
>30% and LSM ≥7.1kPa). Compared with patients without CFLD 
(n=109), individuals with CFLD had higher median LSM according to 
FS (3.9 kPa [IQR 3.4 to 4.9 kPa] versus 6.4 kPa [IQR 4.4 to 8.0 kPa]), 
APRI (0.24 [IQR 0.17 to 0.31] versus 0.50 [IQR 0.22 to 1.18]) and FT 
scores (0.08 [IQR 0.05 to 1.5] versus 0.18 [IQR 0.11 to 0.35]; all 
P<0.05). Area under ROC curve for FS, APRI and FT for the detec-
tion of CFLD were 0.78 (95% CI 0.65 to 0.92), 0.72 (95% CI 0.56 to 
0.87) and 0.76 (95% CI 0.62 to 0.90) (P not significant). At a thresh-
old of >5.2 kPa, the sensitivity, specificity, positive and negative pre-
dictive values of LSM according to FS for detecting CFLD were 67%, 
83%, 40% and 94%, respectively.
CONCLUSIONS: FS, APRI and FT were useful noninvasive methods 
for detecting CFLD in adults.
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Les méthodes non invasives, y compris 
l’élastographie transitoire, pour déceler les 
maladies hépatiques chez les adultes atteints de 
fibrose kystique

HISTORIQUE : Les maladies hépatiques sont la troisième cause de mor-
talité en importance chez les patients atteints de fibrose kystique (FK). Il 
est toutefois difficile de dépister les maladies hépatiques qui s’associent à la 
FK (MHFK). 
OBJECTIF : Évaluer le rendement diagnostique de méthodes non invasives 
pour déceler les MHFK, en s’attardant sur l’élastographie transitoire (ÉT).
MÉTHODOLOGIE : Les patients de la clinique de FK pour adultes de 
Calgary et du sud de l’Alberta (n=127) ont subi une mesure de dureté du 
foie (MDF) par ÉT au moyen de la sonde M de FibroScan (FS, Ecosens, 
France). Les chercheurs ont également calculé le score de l’indice du ratio 
entre l’aspartate-aminotransférase et les plaquettes (APRI) et le score du 
FibroTest (FT). Ils en ont comparé le rendement diagnostique pour déceler 
la MHFK (définie comme au moins deux des critères suivants : biochimie 
hépatique anormale, hépatomégalie ou autres anomalies sonographiques 
qu’une stéatose) à l’aide des surfaces sous la courbe ROC.
RÉSULTATS : La cohorte, dont 47 % étaient de sexe masculin, avait un 
âge médian de 27 ans (plage interquartile [PIQ] de 22 à 37 ans) et un indice 
de masse corporelle de 21 kg/m2 (PIQ de 19 kg/m2 à 23 kg/m2). De plus, 25 % 
des patients prenaient de l’acide ursodésoxycholique et 12 % avaient subi 
une transplantation pulmonaire. La prévalence de MHFK était de 14 % 
(n=18). La FS a pu être exécutée chez tous les patients, mais les résultats 
d’un patient (0,8 %) étaient peu fiables (PIQ/M>30 % et MDF ≥7,1 kPa). 
Par rapport aux patients sans MHFK (n=109), ceux ayant une MHFK 
présentaient une MDF médiane plus élevée selon la FS (3,9 kPa [PIQ 3,4 à 
4,9 kPa] par rapport à 6,4 kPa [PIQ 4,4 à 8,0 kPa]), et les scores d’APRI 
(0,24 [PIQ 0,17 à 0,31] par rapport à 0,50 [PIQ 0,22 à 1,18]) et de FT 
(0,08 [PIQ 0,05 à 1,5] par rapport à 0,18 [PIQ 0,11 à 0,35]; tous les 
P<0,05). La surface sous la courbe ROC de la FS, de l’APRI et du FT pour 
déceler la MHFK correspondait à 0,78 (95 % IC 0,65 à 0,92), 0,72 (95 % 
IC 0,56 à 0,87) et 0,76 (95 % IC 0,62 à 0,90) (P non significatif). À un 
seuil de plus de 5,2 kPa, la sensibilité, la spécificité et les valeurs prédictives 
positives et négatives de la MDF par FS pour déceler la MHFK s’élevaient 
à 67 %, 83 %, 40 % et 94 %, respectivement.
CONCLUSIONS : La FS, l’APRI et le FT se sont révélés des méthodes 
non invasives utiles pour déceler la MHFK chez les adultes.
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liver biopsy makes it difficult to repeat for monitoring of changes in 
fibrosis over time (3). Importantly, the procedure carries a small – but 
real – risk for complications including hemorrhage and death (4,5).

Given these limitations, alternative means of identifying CFLD 
and monitoring for disease progression are needed. Noninvasive 
serum and imaging-based methods of liver fibrosis evaluation may 
have a role in this patient population. Preliminary data suggest that 
liver stiffness measurement (LSM) using transient elastography (TE) 
(FibroScan [FS], Echosens, France) and serum biomarkers (eg, the 
aspartate aminotransferase [AST] to platelet ratio index [APRI] and 
FibroTest [FT; Biopredictive, France]) hold promise (6-10). A novel 
technique known as acoustic radiation force impulse (ARFI) imaging 
(Virtual Touch Tissue Quantification, Acuson S2000, Siemens, 
USA) has also been studied (7,11,12). This elastographic method, 
which is incorporated in a conventional ultrasound device, uses 
acoustic pulses to generate a shear wave in the liver. The velocity of 
shear wave propagation (measured in m/s) is proportional to liver 
fibrosis determined histologically. 

Because data regarding the use of these noninvasive fibrosis meth-
ods in patients with CF are limited, our objective was to assess their 
feasibility and diagnostic performance for the detection of CFLD, 
with an emphasis on LSM using TE. In addition, our unique clinical 
setting enabled us to determine the prevalence of liver disease in a 
population-based cohort of adults with CF.

METHODS
Study population
All adult patients (≥18 years of age) with CF followed at the Adult CF 
Clinic of Calgary and Southern Alberta were recruited for the present 
study between April 2010 and April 2011. The Adult CF Clinic is a 
multidisciplinary clinic that cares for all adults with CF in southern 
Alberta and a small number of patients from southeastern British 
Columbia and Saskatchewan. The catchment population of Calgary 
is approximately 1.2 million, with a reported CF prevalence of 11 to 
12 cases per 100,000 population (13). Patients with serological evi-
dence of chronic hepatitis B or hepatitis C were excluded. The 
Conjoint Health Research Ethics Board at the University of Calgary 
(Calgary, Alberta) approved the research protocol.

Clinical data
At enrollment, patient demographics, anthropometric measurements 
(weight, height, body mass index [BMI]), CF transmembrane regulator 
(CFTR) genetic mutations (∆F508), ursodeoxycholic acid (UDCA) 
use and history of CF-related complications, including pancreatic 
exocrine insufficiency, diabetes mellitus and lung transplantation, 
were recorded. Pancreatic exocrine insufficiency was defined as severe 
malabsorption responding to pancreatic enzyme supplementation. All 
patients underwent a standard physical examination and routine lab-
oratory investigations. Individuals with examination findings suggest-
ive of liver disease or abnormal liver biochemistry underwent 
abdominal ultrasonography (n=78). The following laboratory investi-
gations were performed: complete blood count, alanine aminotransfer-
ase, AST, gamma-glutamyl transferase (GGT), alkaline phosphatase 
(ALP), total bilirubin, albumin, creatinine, random glucose, inter-
national normalized ratio, haptoglobin, apolipoprotein A1 and alpha-
2-macroglobulin. Spirometry values from pulmonary function testing 
on the day of enrollment were also recorded.

The primary outcome measure was CFLD defined according to pre-
viously published criteria (1,2). Specifically, CFLD was based on the 
presence of at least two of the following: clinical hepatomegaly and/or 
splenomegaly confirmed by ultrasonography; abnormal liver biochem-
istry consisting of elevated levels of any two of AST, ALT or GGT; and 
ultrasound abnormalities other than hepatomegaly (ie, increased hetero-
geneous echogenicity, nodularity of the liver surface, irregular margins, 
splenomegaly, presence of portosystemic collateral veins and ascites) 
(1,2,6). Ultrasonographic evidence of steatosis was not a diagnostic cri-
terion. Liver biopsies are not routinely performed in the authors’ clinic.

LSM 
Two experienced operators performed all LSMs with TE using the FS, as 
previously described (14). The FS M probe was used in all patients 
except one, in whom the XL probe was used. Briefly, with the patient 
lying in the dorsal decubitus position, the tip of the transducer was 
placed on the skin between the ribs over the right lobe of the liver. An 
attempt was made to collect at least 10 valid LSMs, and the median 
LSM (in kPa) was considered to be representative of the elastic mod-
ulus of the liver. FS failure was defined as no valid LSMs after at least 
10 attempts. LSMs ≥7.1 kPa with an interquartile range (IQR) to 
median LSM ratio (IQR/M) >30% were considered to be poorly reliable 
as defined by Boursier  et al (15). In a subset of patients (n=18), ARFI 
imaging was used to determine hepatic shear wave velocity (SWV) 
based on the median of 12 measurements taken from the right lobe of 
the liver (in m/s; range 0.5 m/s to 5.5 m/s). A single experienced radiolo-
gist performed all ARFI measurements as previously described (11).

Serum markers of liver fibrosis
The APRI was calculated as follows (9,10): 

APRI = (AST/upper limit of normal for AST) ×  
(100/platelets [×109/L]) 

The FT was calculated based on age, sex, GGT, total bilirubin, 
alpha-2-macroglobulin, apolipoprotein A1 and haptoglobin (16-19).

Both the APRI and FT were developed in patients with chronic 
hepatitis C, but have been validated in other liver disorders including 
CFLD (20-22).

Statistical analyses
Between-group comparisons were made using Fisher’s exact and Mann-
Whitney tests, and Spearman correlation coefficients were calculated 
between results of the noninvasive measures. The diagnostic perform-
ance of LSM according to TE, ARFI, APRI and FT for CFLD were 
determined using areas under ROC curves (AUROC). Comparisons 
between diagnostic methods (restricted to patients in whom all of the 
relevant tests had been performed) were made using the nonparametric 
method described by DeLong et al (23). Finally, the sensitivity, specifi-
city, accuracy, positive predictive value (PPV) and negative predictive 
value (NPV) values of these tools were calculated with exact binomial 
95% CIs. For these analyses, optimal thresholds defined by the maximal 
sum of sensitivity and specificity were calculated. Stata version 11.0 
(StataCorp, USA) was used for all statistical analyses. A two-sided 
P<0.05 were considered to be statistically significant.

RESULTS
Patient characteristics and prevalence and predictors of CFLD
The characteristics of the study cohort (n=127) are summarized in 
Table 1. Forty-seven percent of the patients were male and the median 
age and BMI were 27 years (IQR 22 to 37 years) and 21 kg/m2 (IQR 
19 kg/m2 to 23 kg/m2) , respectively. Only three (2.5%) patients were 
obese (BMI ≥30 kg/m2). The majority (84%) of patients had pan-
creatic insufficiency, 12% had undergone lung transplantation and 
25% were prescribed UDCA (median daily dosage, 1000 mg [IQR 
1000 mg to 1375 mg]). Most (90%) patients had the ∆F508 CF muta-
tion (53% were homozygous).

CFLD was present in 18 (14%) patients. More patients with CFLD 
than those without CFLD were prescribed UDCA (83% versus 14%; 
P<0.00005). However, there were no significant differences between 
groups with respect to the prevalence of diabetes mellitus, pancreatic 
insufficiency, previous lung transplantation, pulmonary spirometry or 
the ∆F508 mutation (heterozygous or homozygous). As expected, 
patients with CFLD had higher median serum ALT, AST, GGT, alka-
line phosphatase and bilirubin levels, and international normalized ratio 
values (Table 1). 

Detection of CFLD using TE, ARFI and serum markers of fibrosis
All patients underwent a successful LSM with TE using the FibroScan 
(ie, 0% failure rate. A poorly reliable result was obtained in only one 
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patient (0.8%) who was severely obese (BMI 35 kg/m2). In this patient 
– in whom CFLD was not diagnosed – the median LSM was 16.1 kPa 
using the FibroScan M probe and the IQR/M was 41%, indicating high 
measurement variability. Overall, 118 (93%) patients had at least 
10 valid LSMs using TE (success rate ≥60%) and IQR/M ≤30%.

As shown in Figure 1 and Table 2, median LSM according to TE was 
significantly higher in patients with than those without CFLD (6.4 kPa 
[IQR 4.4 to 7.7 kPa] versus 3.9 kPa [IQR 3.4 to 4.9 kPa]; P=0.0001). 
Hepatic SWV measured using ARFI was available for 18 patients, three 
of whom had CFLD. Median SWV was not significantly different 
between patients with (1.50 m/s [IQR 0.99 to 1.50 m/s]) and without 
CFLD (1.07 m/s [IQR 1.01 to 1.10 m/s]) (P=0.24). In contrast, median 
APRI (0.50 [IQR 0.22 to 1.17] versus 0.24 [IQR 0.17 to 0.31]; P=0.006) 

and FT (0.18 [IQR 0.11 to 0.34] versus 0.08 [IQR 0.05 to 0.14]; 
P=0.0007) values were significantly higher in patients with CFLD.

Liver stiffness according to TE was moderately correlated with FT 
(ρ=0.32; P=0.001), but not APRI (ρ=0.02; P=0.83) values. APRI and 
FT were weakly correlated (ρ=0.20; P=0.04). SWV according to ARFI 
was moderately correlated with LSM according to TE (ρ=0.31; 
P=0.21) and FT (ρ=0.42; P=0.10); however, these correlations were 
not statistically significant.

Diagnostic accuracy of LSM according TE, ARFI and serum 
markers for CFLD
The AUROCs for LSM according TE, APRI and FT for the diagnosis 
of CFLD were 0.78 (95% CI 0.65 to 0.92 [n=127]), 0.70 (95% CI 

Figure 1) Liver stiffness measurement using transient elastography (TE; FibroScan, Ecosens, France) (A), aspartate aminotransferase to platelet ratio index 
(APRI) (B) and FibroTest (Biopredictive, France) (C) according to the presence or absence of cystic fibrosis-related liver disease (CFLD)

TABLE 1
Characteristics of the cohort according to the presence of cystic fibosis-related liver disease (CFLd)
Characteristic All patients (n=127) With CFLd (n=18) Without CFLd (n=109) P
Demographics
   Age, years 27 (22–37) 28 (18–32) 27 (22–37) 0.22
   Male sex 60 (47) 10 (56) 50 (42) 0.46
   Body mass index†, kg/m2  21 (19–23) 21 (19–23) 21 (19–23) 0.96
CF-related variables
   Diabetes mellitus 24 (19) 4 (22) 20 (17) 0.75
   Pancreatic insufficiency 107 (84) 17 (94) 90 (76) 0.31
   Lung transplantation 15 (12) 3 (17) 12 (10) 0.45
   Ursodeoxycholic acid use 32 (25) 15 (83) 17 (14) <0.00005
   CFTR-genotype ∆F508 mutation 114 (90) 16 (89) 98 (90) 1.00
   CFTR-genotype ∆F508 homozygous 67 (53) 12 (67) 55 (51) 0.31
Spirometry
   FEV1, L 2.55 (1.71–3.28) 2.98 (1.86–3.26) 2.46 (1.70–3.28) 0.42
   FEV1, % predicted (%) 70 (52.5–88) 74 (58–80) 69 (50–89) 0.92
   FVC, L 3.86 (2.97–4.73) 4.06 (3.01–4.58) 3.82 (3.02–4.75) 0.85
   FVC, % predicted (%) 92 (78–105) 95 (77–103) 92 (78–106) 0.74
   FEV1/FVC (%) 73 (64–84) 74 (73–85) 73 (62–84) 0.28
Biochemistry
   Albumin†, g/L 38 (35–41) 38 (36–40) 39 (35–41) 0.48
   Total bilirubin†, μmol/L 6 (4–8) 8 (6–10) 6 (4–8) 0.03
   Alanine aminotransferase (ALT)†, U/L 21 (17–29) 31 (24–48) 21 (16–27) 0.001
   Aspartate aminotransferase (AST)†, U/L 23 (19–28) 28 (22-45) 22 (19–26) 0.004
   Gamma-glutamyl transferase (GGT)†, U/L 18 (13–28) 41 (26–68) 17 (13–25) 0.0001
   Alkaline phosphatase (ALP)†, U/L 94 (78–123) 157 (125–205) 89 (77–108) <0.00005
   Platelets, ×109/L 272 (224–332) 218 (112–332) 274 (236–330) 0.053
   International normalized ratio† 1.0 (1.0–1.1) 1.1 (1.0–1.1) 1.0 (1.0–1.1) 0.01
   Creatinine, μmol/L† 66 (55–77) 60 (52–70) 67 (56–77) 0.23
   Glucose, mmol/L‡ 4.9 (4.3–6.6) 4.9 (4.4–6.9) 4.9 (4.2–6.4) 0.74

Data presented as n (%) or median (interquartile range). †Data missing for five patients (four without CFLD and one with CFLD). ‡Albumin, total bilirubin, ALT, AST, 
GGT, ALP, international normalized ratio and creatinine missing in 1, 1, 1, 5, 1, 1, 4 and 1 patients (all in the group without CFLD), respectively; ‡Glucose data miss-
ing in 11 patients (one with CFLD). FEV1 Forced expiratory volume in 1 s; FVC Forced vital capacity

A B C
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0.54 to 0.86 [n=122]) and 0.76 (95% CI 0.62 to 0.90 [n=106]), 
respectively. In the 105 patients who underwent all three tests, there 
were no significant differences in AUROCs for the detection of 
CFLD (P=0.64; Figure 2). Among 18 patients who underwent ARFI 
imaging, the AUROC of SWV for detecting CLFD was 0.72 (95% CI 
0.17 to 1.00).

Table 3 summarizes the operating characteristics of LSM using TE, 
APRI and FT for the detection of CFLD. ARFI is excluded due to the 
small number of patients. At an optimal cut-off value ≥5.3 kPa, LSM 
according to TE was 67% sensitive (95% CI 41% to 87%) and 83% 
specific (95% CI 75% to 90%). At a CFLD prevalence of 14%, FS 
values below this threshold excluded CFLD (NPV) with 94% (95% CI 
87% to 98%) certainty. However, LSM values ≥5.3 kPa were poorly 

predictive of CFLD (PPV 40% [95% CI 23% to 59%]). An LSM cut-
off of >6.0 kPa was more specific (91% [95% CI 86% to 97%]), but less 
sensitive (56% [95% CI 31% to 78%]). At an optimal cut-off of >0.10, 
the FT was 82% (95% CI 57% to 96%) sensitive and 57% (95% CI 
46% to 68%) specific for CFLD. The NPV, PPV and accuracy were 
94% (95% CI 85% to 99%), 27% (95% CI 16% to 41%) and 61% 
(95% CI 51% to 71%), respectively. At an optimal cut-off of >0.5, the 
APRI was 50% (95% CI 26% to 74%) sensitive and 94% (95% CI 
88% to 98%) specific. The NPV, PPV and accuracy were 92% (95% 
CI 85% to 96%), 60% (95% CI 32% to 84%) and 88% (95% CI 81% 
to 93%), respectively.

DISCUSSION
Identifying patients who are at risk for CFLD and potential hepatic 
complications is an ongoing challenge. Previous studies have esti-
mated that as many as 30% to 40% of CF patients have some form of 
liver involvement, while severe CFLD with portal hypertension is 
believed to occur in <10% of patients (1,24,25). The first step remains 
identifying which CF patients have liver disease to better determine 
those at risk for developing serious complications. In the present 
population-based cohort of adults with CF, we identified a CFLD 
prevalence of 14%. This figure is lower than previously reported, per-
haps due to the population-based nature of our data. Moreover, by the 
time CF patients reach adulthood, some will have already succumbed 
to the complications of liver disease. Our data demonstrate that 
patients with CFLD have higher liver stiffness according to FS, APRI 
and FT values than those without CFLD suggesting that these non-
invasive markers of liver fibrosis have a role in screening CF patients 
for hepatobiliary involvement. These data validate many other studies 
that have demonstrated the utility of these tools in liver disorders 
including other cholestatic conditions, nonalcoholic fatty liver disease 
and viral hepatitis (9,14,20-22,26-30).

Our findings illustrate that LSM according to TE, APRI and FT 
have acceptable diagnostic performance for the detection of CFLD 
(AUROCs 0.70 to 0.78) and that none clearly outperformed the 
others. Measurement of SWV according to ARFI imaging had similar 
utility, although the small sample size limits any firm conclusions. Our 
data indicate that the major role of these tests in the clinical management 
of patients with CF is in ruling out CFLD. For example, LSMs according 

Figure 2) Areas under the ROC curve of liver stiffness measurement 
(LSM) using transient elastography, aspartate aminotransferase to platelet 
ratio index (APRI) and FibroTest (Biopredictive, France) for the detection 
of cystic fibrosis-related liver disease. There were no significant differences 
among measures among 105 patients who underwent all three tests 
(P=0.64)

TABLE 2
Noninvasive markers of liver fibrosis in adults with cystic fibrosis-related liver disease (CFLd)
Test All patients With CFLd Without CFLd P
Liver stiffness measurement using transient elastography (n=127) 4.1 (3.5–5.2) 6.4 (4.4–7.7) 3.9 (3.4–4.9) 0.0001
Aspartate aminotransferase to platelet ratio index (n=122)* 0.24 (0.17–0.33) 0.50 (0.22–1.17) 0.24 (0.17–0.31) 0.006
FibroTest† (n=106) 0.09 (0.06–0.18) 0.18 (0.11–0.34) 0.08 (0.05–0.14) 0.0007
Acoustic radiation force impulse, m/s (n=18)‡ 1.07 (1.01–1.13) 1.50 (0.99–1.50) 1.07 (1.01–1.10) 0.24

Data presented as median (interquartile range) unless otherwise indicated. *Data missing for five patients (all without CFLD); †Biopredictive, France (data missing 
for 21 patients [one with CFLD and 20 without CFLD]); ‡Data available for 18 patients (three with CFLD and 15 without CFLD)

TABLE 3
Liver stiffness measurement (LSM) usung transient elastography (TE), aspartate aminotransferase to platelet ratio index 
(APRI) and FibroTest* for the diagnosis of cystic fibrosis-related liver disease

AUROC Sensitivity Specificity 
Predictive value 

Accuracy Negative Positive
LSM using TE (n=127)
   ≥3.7 kPa 89 (65–99) 37 (28–46) 95 (84–99) 19 (11–29) 44 (35–53)
   ≥5.3 kPa† 0.78 (0.65–0.92) 67 (41–87) 83 (75–90) 94 (87–98) 40 (23–59) 81 (73–88)
   >6.0 kPa 56 (31–78) 91 (86–97) 93 (86–97) 50 (27–73) 86 (76–91)
APRI (n=122)
   >0.4  0.70 (0.54–0.86) 50 (27–73) 92 (85–97) 90 (83–95) 56 (31–78) 85 (78–91)
   >0.5† 50 (26–74) 94 (88–98) 92 (85–96) 60 (32–84) 88 (81–93)
FibroTest (n=106)
   >0.10† 0.76 (0.62–0.90) 82 (57–96) 57 (46–68) 94 (85–99) 27 (16–41) 61 (51–71)
   >0.20 38 (18–62) 89 (81–95) 85 (76–92) 47 (23–72) 79 (70–87)

Data presented as % (95% CI). *Biopredictive, France; †Optimal cut-offs of tests defined by the maximal sum of sensitivity and specificity. AUROC Area under the 
ROC curve
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to TE <5.3 kPa, APRI values <0.5, and FT values <0.10 excluded CFLD 
with 92% to 94% certainty. Given these data, there is likely little benefit 
of further investigation when measurements are below these thresh-
olds. Unfortunately, the PPV of higher values was suboptimal (27% to 
60% at these diagnostic cut-offs), suggesting that additional investiga-
tions (eg, liver biopsy) may be considered in these patients to confirm 
significant hepatic involvement. 

LSM values in patients with CFLD were significantly higher than 
in those without CFLD despite both groups having relatively low 
median TE values (6.4 kPa versus 3.9 kPa [Table 2]). Other investiga-
tors have noted these small, but significant, differences. For example, 
Kitson et al (6) reported median LSMs of 8.1 kPa (IQR 6.8 to 9.5 kPa) 
in adults with CFLD compared with 5.0 kPa (IQR 4.1 to 5.6 kPa) in 
those without CFLD. Median LSM values in two other studies were 
6.7 kPa and 9.2 kPa in patients with CFLD compared with 4.3 kPa and 
4.5 kPa in patients without CFLD, respectively (7,31). In another 
study, Karlas et al (12) reported a trend toward higher LSMs in 
patients with CFLD; however, this difference was not statistically sig-
nificant, likely due to the small number of patients with CFLD 
(n=14). In this study, TE measurements in patients with CF-related 
cirrhosis were found to be lower than those observed in cirrhotic 
patients without CF. It is, therefore, important to recognize that 
patients with CF may be at risk for CFLD despite having FS readings 
not considered to be grossly abnormal in patients with other forms of 
liver disease. This is not surprising considering the fact that CFLD 
includes a constellation of histological abnormalities above and 
beyond fibrosis.

Our study confirms the feasibility of LSM using TE in patients with 
CF. Only one patient had an unreliable LSM result, likely due to use of 
the FS M probe rather than the XL probe despite severe obesity (BMI 
35 kg/m2) (32). We have previously shown that patients with chronic 
lung disease (predominantly chronic obstructive pulmonary disease) 
have an increased risk for unreliable TE readings. We hypothesized 
that this was likely due to structural alterations in the chest wall (eg, 
hyperinflation) or technical difficulties with the FS procedure due to 
deep respirations in these patients (14). This does not appear to be a 
factor in patients with CF.  

We have yet to complete follow-up TE measurements in our 
cohort, but one small study of patients with CFLD (8) reported that 
LSMs remained stable over a median follow-up period of nearly two 
years. This finding supports previous studies reporting that the 
development of CFLD generally occurs before 20 years of age and fol-
lows a relatively benign course in adults (1,25,33,34). However, in 
other cholestatic liver disorders, such as primary biliary cirrhosis and 
primary sclerosing cholangitis, liver stiffness increases more rapidly at 
greater fibrosis stages (28,30). It is, therefore, possible that progression 
of CFLD in patients with more advanced disease may occur faster than 
in those with milder disease. Large prospective studies examining ser-
ial TE readings will help clarify whether repeat FS assessment will be 
useful in the management of adults with CF.

We did not find an association between the development of CFLD 
and any CF-related complications (eg, pancreatic insufficiency or lung 
transplantation) or CFTR mutations. The underlying mechanism 
explaining why certain individuals with CF develop more significant 
liver disease than others is not clearly understood; however, one study 
suggests a genetic polymorphism in the SERPINA1 gene may play a 
role (33). A study that examined the use of these noninvasive fibrosis 
measurements in young patients with the SERPINA1 Z allele would 
possibly help clarify how to identify patients with CF who are at risk 
for progressing to severe liver disease. 

Our study had several limitations. First, the definition of CFLD 
relied on noninvasive criteria (ie, abnormal liver biochemistry and 
ultrasonography), rather than liver biopsy. Nevertheless, even with 
histological assessment, there is no universally accepted definition of 
what constitutes CFLD. Moreover, many liver lesions of CF begin 
focally and may be missed by liver biopsy (3). Furthermore, the cur-
rent consensus opinion has relied on the same noninvasive markers to 

define CFLD used in our study (2,35). On a related note, 25% of our 
cohort was prescribed UDCA, including 83% of those with CFLD. 
This finding is relevant because UDCA has been shown to improve 
liver biochemistry test results and the progression to severe liver dis-
ease in patients with CF (34,36,37). Therefore, the values of the 
noninvasive markers obtained in our study may have been affected. To 
date, the effect of UDCA on liver stiffness and serum fibrosis markers 
in patients with CF has not been studied. In addition, our reference 
standard for the definition of CFLD included abnormal liver biochem-
istry as one criterion. Therefore, biochemical improvement due to 
UDCA may have led to misclassification of CFLD in some patients. In 
fact, because 14% of our patients ‘without’ CFLD were prescribed 
UDCA, the prevalence of CFLD could be as high as 28%. The pres-
ence of extrahepatic cholestasis in patients with CF may have also led 
to falsely elevated LSM using TE (38). Finally, only a small subset of 
our cohort underwent ARFI imaging due to limited availability during 
the study period. This likely explains why we failed to show a signifi-
cant difference in SWV between those with and without CFLD, par-
ticularly considering the correlation between LSM measured by TE 
and SWV. Previous studies involving a pediatric population have 
shown ARFI to be useful in detecting CFLD (39-41); however, a small 
study failed to confirm this finding in an adult population (12). Larger 
studies assessing the feasibility and performance characteristics of 
ARFI in the detection of CFLD in adults are needed.
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