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Abstract

The gamma-glutamyl transferase to platelet ratio (GPR) has been reported to be as effective as the aspartate transaming
to platelet ratio index (APRI) and fibrosis index based on the 4 factors (FIB-4) in showing the fibrosis stage in patients
with chronic hepatitis B. It has been demonstrated that APRI and FIB-4 are successful in the assessment of fibrosis in
primary biliary cholangitis (PBC). We investigated the effectiveness of GPR in predicting advanced fibrosis and cirrhosis in
patients with biopsy-proven untreated PBC. A total of 35 patients with biopsy-proven PBC were included in this study. The
biopsy fibrosis stages of all patients at diagnosis were compared using the APRI, FIB-4, and GPR values. The diagnostic
accuracy of GPR for detecting advanced fibrosis and cirrhosis was also investigated. The area under the receiver operating
characteristic curve (AUROC) of GPR was 0.84, the cutoff point was 4.81, the sensitivity was 0.41, and the specificity was
0.96 for detecting advanced fibrosis. Our study showed that GPR was more sensitive than APRI and FIB-4 in detecting
advanced fibrosis in patients with PBC. GPR could be used as an effective noninvasive marker in PBC to show advanced
fibrosis at the time of diagnosis.

Abbreviations: ALP = alkaline phosphatase, ALT = alanine aminotransferase, AMA = anti-mitochondrial antibody, APRI
= aspartate transaminase to platelet ratio index, AST = aspartate aminotransferase, AUROC = area under the receiver
operating characteristic curve, FIB-4 = fibrosis index based on the 4 factors, GGT = gamma-glutamyl transferase, GPR =
gamma-glutamyl transferase to platelet ratio, PBC = primary biliary cholangitis, ROC = receiver operation characteristic,

UDCA = ursodeoxycholic acid.
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1. Introduction and Objectives

Primary biliary cholangitis (PBC) is an autoimmune disorder
characterized by the extermination of the intrahepatic bile
ducts, often leading to cirrhosis and liver failure."* Although
the underlying causes remain unclear, genetic predisposition,
various nucleotide polymorphisms, and environmental factors
are thought to be responsible.>* The course of PBC can prog-
ress to chronic cholestasis, portal inflammation, fibrosis, cirrho-
sis, liver failure, and even liver cancer, which develops as a result
of damage to the small and medium-sized bile ducts. At least 2
of the following 3 criteria must be met for the diagnosis: serum
anti-mitochondrial antibody (AMA) or AMA-M2 positivity,
unexplained elevation of alkaline phosphatase (ALP) at least
1.5 times higher than normal that persists for 24 weeks, chol-
angitis not characterized by suppuration, and interlobular bile
duct damage in liver biopsy. In chronic liver disease, the degree
of hepatic fibrosis at diagnosis provides information regarding
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the stage of the disease, response to treatment, and prognosis.!
Although a liver biopsy is not an absolute requirement for the
diagnosis of PBC, it is the gold standard for the evaluation of
hepatic fibrosis. However, diagnostic methods for noninvasive
hepatic fibrosis assessment have come to the fore in recent years
owing to the invasiveness, high cost, and serious side effects of
liver biopsy.

The efficacy of noninvasive methods, such as serum
assays and imaging methods, has been tested. In particu-
lar, the aspartate transaminase (AST) to platelet ratio index
(APRI) and the fibrosis index based on the 4 factors (FIB-
4) are becoming increasingly precise, as they are simple,
inexpensive, reliable, and easily accessible. APRI has been
associated with histological progression in liver biopsies
in patients with PBC,*-7 and APRI and FIB-4 are associ-
ated with advanced fibrosis in nonalcoholic fatty liver dis-
ease.l’! The gamma-glutamyl transpeptidase to platelet ratio
(GPR), developed in 20135, is as effective as APRI and FIB-4
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in detecting advanced fibrosis and cirrhosis in patients
with chronic hepatitis B.["!) Gamma-glutamyl transferase
(GGT) is located on the capillary surface of liver cells and
on the membrane side of bile duct epithelial cells. GGT lev-
els increase in bile secretion obstruction and bile duct dam-
age, thus GGT is helpful in the diagnosis of cholestatic liver
diseases.'!l The European Association for the Study of the
Liver guidelines recommend its use for the diagnosis of PBC.
It has also been associated with the prognosis of PBC.I'213]
There is no study in the literature investigating the predic-
tive power of GPR for fibrosis in PBC. In our study, we
investigated the relationship between GPR, a GGT-based
fibrosis assessment marker, and liver histology at the time
of diagnosis, and its power to detect advanced fibrosis and
cirrhosis in PBC.

2. Materials and methods

2.1. Study population

The files of 154 patients diagnosed with PBC in the hospi-
tal information operating system between January 2008 and
December 2020 at Ondokuz Mayis University Faculty of
Medicine were retrospectively reviewed. Those who did not
meet the diagnostic criteria for PBC (n = 56), those who had
another chronic liver disease accompanying PBC (7 autoim-
mune hepatitis, 3 overlap syndromes, 2 nonalcoholic steatohep-
atitis, 4 others, n = 16), and those who did not undergo a liver
biopsy at the time of diagnosis (n = 47) were excluded from the
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study. A total of 35 patients who met the inclusion criteria were
enrolled in the study (Fig. 1).

The study protocol was approved by the ethics committee
of the Ondokuz Mayis University Faculty of Medicine (deci-
sion no: 522, date: 02.12.2021), and the procedures were in
accordance with the Helsinki Declaration of 1975, as revised
in 1983.

2.2. Clinical and laboratory assessments

Demographic data (age, sex) and laboratory values obtained
during the biopsy (platelet, alanine aminotransferase, aspar-
tate aminotransferase (AST), GGT, ALP, total bilirubin, and
AMA and anti-nuclear antibody were retrospectively recorded.
Blood tests were performed on the day of the biopsy or at
most 1 week before. All patients were treatment naive. The
APRI, FIB-4, and GPR values were calculated using the for-
mulas given below: Liver biopsy was performed with a 16¢g
needle under ultrasonographic guidance, and a minimum of
1.5 cm length liver tissue was obtained for pathological exam-
ination. Pathological evaluation was performed using prepara-
tions containing at least 5 portal areas. Fibrosis was classified
according to the Scheuer classification as follows: FO, no fibro-
sis; F1, portal fibrosis; F2, portal fibrosis with few septa; F3,
numerous septa without cirrhosis; F4, cirrhosis."¥ In addition,
patients were divided into 2 groups: early stage (F1 and F2)
and advanced-stage (F3 and F4) fibrosis. Laboratory values,
APRI, FIB-4, and GPR were compared between the groups
with early and advanced fibrosis. In addition, ROC analysis

154 patients diagnosed with PBC in
the hospital system were screened

56 patients who did not criteria
for PBC were excluded

The remaining 98

patients were screened

16 patients with concomitant AIH, overlap
syndromes, NASH, alcohol use and HBV

were excluded

The remaining 82

patients were screened

47 patients who did not have a biopsy or
have an inappropriate biopsy at the time

of diagnosis were excluded

35 patients were
included in the study

Figure 1. Flowchart of study population. AlH = autoimmune hepatitis, HBV = hepatitis B virus, NASH = nonalcoholic steatohepatitis.
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The demographic data and laboratory values of the patients.
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The biopsy scores of the patients.

(mean = SD) (min-max) Fibrosis stage n (%)

Age (yn) 49.6 +10.88 (29-69) | 14 (40)
) %) I 9(25.7)

Female 33 94.3 I 6(17.1)
Male 2 5.7 v 6(17.1)
AMA+ 32 914 Total 35
AMA—, ANA+ 3 8.6

(mean = SD) (min-max)
AST (U) 50.8 + 32.7 (18.7-160) _ _ , ,
ALT (UL) 506 + 26.2 (13.9-99) According to the Scheuer fibrosis scoring system, 14 patients
ALP (L) 3955 + 236.9 (81-1137) (40%) were stage 1, 9 patients were stage 2 (25.7%), 6 patients
GGT (U) 199.9 + 136 (18.1-5786)  were stage 3 (17.1%), 6 patients were stage 4 (17.1%). The
Bilirubin (mg/dL) 1+£17 (0.25-10.1)  distribution of the patients according to their fibrosis scores is
Platelet (x10%L) 2425 +98.7 (84-467) shown in Table 2.
APRI 0.56 = 0.7 (0.1-4.1) In the advanced-stage fibrosis group, GGT, platelet, FIB-4,
FIB-4 1.81£1.48 (0.39-7.3)  and GPR values were found to be high and statistically signif-
GPR 3+3.67 (0.26-19.1)

ALP = alkaline phosphatase, ALT = alanine aminotransferase, AMA = anti-mitochondrial

antibody, ANA = anti-nuclear antibody, APRI = aspartate transaminase to platelet ratio index,

AST = aspartate aminotransferase, FIB-4 = fibrosis index based on the 4 factors, GGT = gamma-
glutamyl transferase, GPR = gamma-glutamy! transferase to platelet ratio, SD = standard deviation.

was performed for APRI, FIB-4, and GPR to determine their
effectiveness in detecting advanced fibrosis.

2.3. Formulas

APRI: [(AST/upper bound of the normal AST range) x 100] /platelet.

FIB—4: Age (vears) x AST (U/l)/ (platelets [10°/1] x [ALT [U/I])"/?]
GPR : [(GGT/upper bound of the normal GGT range) x 100] /platelet.
Upper bound of the normal AST range: 32 U/L

Upper bound of the normal GGT range : 40 U/L

2.4. Data analysis and statistics

In descriptive statistics, mean, standard deviation, median value,
and 25% to 75% values were used for numerical variables, and
numbers and percentages were used for categorical variables.
The independent samples ¢ test was used to analyze differences
between 2 groups of variables with parametric distribution, the
Mann-Whitney U test was used to analyze differences between
2 groups of variables with non-parametric distribution, and the
Kruskal-Wallis test was used to analyze differences between more
than 2 groups of variables with non-parametric distribution.
Pearson chi-square test was used for intergroup comparisons of
categorical variables. The area under the receiver operating char-
acteristic curve (AUROC) was used to detect the APRI, FIB-4,
and GPR sensitivity, specificity, and optimal cutoff value to show
the fibrosis stage. P < .05 was considered statistically significant.

3. Results

Among the 35 patients with biopsy-proven PBC who were treat-
ment-naive, 33 were female (94.3%) and 2 were male (5.7%).
Of the patients, 32 (91.4%) had positive AMA, 3 (8.6%) had
negative AMA and positive anti-nuclear antibody. The general
information and laboratory values of the patients are presented
in Table 1.

icant, while platelet count was low. There were no significant
differences between the 2 groups in age, sex, AST, alanine ami-
notransferase, ALP, total bilirubin, and APRI values. The data of
the 2 groups in which the patients were divided into early stage
(F1 and F2) and advanced stage (F3 and F4) fibrosis groups are
shown in Table 3.

The sensitivity and specificity of APRI were 33% and 96 %,
respectively, and the AUROC was 0.71. The sensitivity and
specificity of FIB-4 were 33% and 96 %, respectively, and the
AUROC value was 0.82 (P < .02). The sensitivity and specific-
ity of GPR were 41% and 96 %, respectively, and the AUROC
value was 0.84 (P < .01). The diagnostic accuracy of the fibrosis
scores in determining advanced fibrosis is shown in Table 4.
The ROC analysis of APRI, FIB-4, and GPR for the detection
of early and advanced stages of hepatic fibrosis is shown in
Figure 2.

4. Discussion

PBC is a slowly progressive, immune-mediated, cholestatic liver
disease with destruction of intrahepatic bile ducts, mostly diag-
nosed in the 5th or 6th decade, and is frequently seen in females,
and AMA is positive in the majority of cases.!'" In our study, the
sex distribution, mean age, and rate of AMA positivity were con-
sistent with those reported in the literature. The clinical features
of PBC are heterogeneous, and the course of the disease is highly
variable. While some patients develop cirrhosis within a few years,
others may follow a rather slow course.'>!! Early disease stages
are associated with a good prognosis; however, the condition is
irreversible in cirrhotic patients, and the risk of decompensation
and hepatocellular carcinoma is increased.'®!”) Ursodeoxycholic
acid (UDCA) is the only treatment that changes the course of PBC.
The best response to UDCA treatment was observed in patients
with early-stage fibrosis. UDCA treatment did not reduce PBC-
related morbidity, mortality, or transplantation-free survival in
patients with advanced fibrosis. Obeticholic acid is also approved
as an adjunct to UDCA in patients unresponsive to UDCA or as
monotherapy in patients who have intolerance for UDCA.!'?!

The presence of advanced fibrosis at the time of diagnosis is
not only associated with reduced transplant-free survival and
poor prognosis but also with poor prognosis despite the biochem-
ical response to UDCA (normalized ALP levels).!'”) Therefore,
understanding the stage of liver fibrosis in PBC is important to
predict the course of the disease. Although biopsy is the gold stan-
dard for the evaluation of liver fibrosis, it has been substituted by
noninvasive methods for the assessment of hepatic fibrosis due
to its invasiveness, inaccessibility, and risks. Among these, APRI,
FIB-4, and elastography are widely used methods.”!$"! The
relationship between PBC and many fibrosis markers has been
evaluated.”?°2 In a study involving 107 patients diagnosed with
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Demographic data and laboratory values of early and advanced
stage fibrosis groups.

Parameters Group 1 (early stage)  Group 2 (advanced stage) P
Age (y) 47.9+109 53 +10.2 18
Sex (female/male) 21/2 12/0 6
AST (UD) 46.5 + 26.6 59.1 £ 421 .36
ALT (UL 51.2+252 49.7 +29 .88
ALP (U/L) 3245+ 2421 327.5+ 237 .97
GGT (UL 160 + 112.9 276.3 =148 .02
Bilirubin (mg/dL) 0.77 +£0.76 1.62 +2.69 3
Platelet (x10%L) 277.5+88.8 179.4 + 88 .006
APRI 0.38 £ 0.23 0.92 +1.09 11
FIB-4 1.28+0.7 2.84 +1.95 .01
GPR 1.71 +1.36 5.67 5.1 .02

ALP = alkaline phosphatase, ALT = alanine aminotransferase, APRI = aspartate transaminase
to platelet ratio index, AST = aspartate aminotransferase, FIB-4 = fibrosis index based on the 4
factors, GGT = gamma-glutamyl transferase, GPR = gamma-glutamyl transferase to platelet ratio.

PBC, erythrocyte distribution width, FIB-4, albumin, and platelet
values were found to be associated with fibrosis, among which
FIB-4 had the highest sensitivity and specificity for distinguishing
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Cutoff points.

Advanced fibrosis

Scheuer stage 1-2 versus stage 3-4

APRI FIB-4 GPR
AUROC 0.71 0.82 0.84
95% Cl 0.54-0.89 0.68-0.96 0.71-0.97
Cutoff point 0.75 2.96 4.81
Sensitivity 0.33 0.33 0.41
Specificity 0.96 0.96 0.96
Pvalue 0.36 0.02 0.01

AUROC sensitivity and specificity of APRI, FIB-4, and GPR in differentiating advanced fibrosis.
APRI = aspartate transaminase to platelet ratio index, AUROC = area under the receiver operating
characteristic curve, Cl = confidence interval, FIB-4 = fibrosis index based on the 4 factors,

GPR = gamma-glutamyl transferase to platelet ratio.

histological severity.??! Joshita et al demonstrated that APRI is
associated with histological grade and disease progression in
patients with PBC.” Olmez et al showed that APRI, FIB-4, and
AST values in PBC patients were significantly higher in the early
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Figure 2. The ROC analysis of APRI, FIB-4 and GPR for the identification of early and advanced stage hepatic fibrosis. APRI = aspartate transaminase to
platelet ratio index, FIB-4 = fibrosis index based on the 4 factors, GPR = gamma-glutamy! transferase to platelet ratio.
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(F1-2) and advanced stage (F3-4) fibrosis groups according to the
Scheuer scoring system in their study."®! However, in a study con-
ducted by Corpechot et al, elastography was found to be superior
to APRI and FIB-4 in detecting advanced fibrosis and cirrhosis.?!
Elastography is not available in every clinic and requires addi-
tional cost and time compared with serum-based noninvasive
fibrosis markers. Therefore, it is clear that there is still a need for
inexpensive and easily calculable fibrosis prediction markers. In
our study, GPR, a parameter that has not been previously studied
as a noninvasive fibrosis detection method in patients with PBC,
was evaluated. GPR has been found to be effective in predicting
advanced fibrosis and cirrhosis in chronic hepatitis B patients.?!"!
Lemoine et al demonstrated that GPR was more effective in pre-
dicting advanced fibrosis and cirrhosis than APRI and FIB-4 in
patients with hepatitis B in sub-Saharan Africa.”’ Ren et al showed
that GPR was more effective than FIB-4 in detecting fibrosis in
patients with hepatitis B, whereas FIB-4 was more effective in
detecting cirrhosis."” In a recent study, the S-index calculated
with a special formula consisting of GGT, platelets, and albumin
was found to be significantly higher in patients with PBC in the
advanced fibrosis group (F3-4) according to the Scheuer system."”!
Based on this information, we hypothesized that GPR, which can
be calculated more easily using GGT and platelets among the
parameters used in the S-index in patients with PBC, could be
an effective marker for determining fibrosis and cirrhosis. In our
study, FIB-4 and GPR levels were found to be statistically sig-
nificantly higher in the advanced fibrosis group. APRI was not
significant in differentiating between early and advanced fibrosis
in patients with PBC (P =.11). This may be related to the small
number of patients in the study and the slightly older age used in
the FIB-4 formula in the group of patients with advanced fibro-
sis. When ROC analysis was performed to determine the power
of GPR to predict advanced fibrosis, the sensitivity of GPR in
predicting advanced fibrosis in the untreated patient group with
PBC was higher than that for APRI and FIB-4. and its specificity
was equal to that of APRI and FIB-4 (0.96). In this respect, GPR
may be a more sensitive marker than APRI and FIB-4 for dif-
ferentiating early and advanced fibrosis in PBC. In patients with
PBC, fibrosis stage at diagnosis, disease severity, prognosis, time
to transplantation, and response to treatment can be predicted
without the need for biopsy at the time of diagnosis. 152!

The novelty of our study is that it is the first to evaluate GPR,
an easy and inexpensive noninvasive serum fibrosis marker that
contains cholestasis parameters such as GGT, in PBC; the find-
ings are supported by liver biopsy, which is the gold standard
method in the evaluation of liver fibrosis.

The main limitation of our study was that it was designed
retrospectively. Another limitation of our study is the small
number of participants and the fact that, although all pathology
preparations were evaluated by experienced hepatopathologists,
they were not evaluated by the same pathologist.

GPR, which can be easily calculated from routine laboratory
tests using the cholestatic indicator GGT rather than APRI and
FIB-4 using hepatocellular transaminases, can be used as an
effective, noninvasive, and inexpensive marker in PBC to show
advanced fibrosis at the time of diagnosis. It could also play a
role in predicting treatment response and determining the time
to start transplantation preparation.

Author contributions

Conceptualization: Ufuk Avcioglu.

Data curation: Ufuk Avcioglu.

Investigation: Ufuk Avcioglu, Hasan Eruzun.
Methodology: Ufuk Avcioglu, Hasan Eruzun.

Project administration: Hasan Eruzun, Miige Ustaoglu.
Resources: Hasan Eruzun, Mige Ustaoglu.
Supervision: Miige Ustaoglu.

Validation: Hasan Eruzun.

www.md-journal.com

Writing — original draft: Hasan Eruzun.
Writing — review & editing: Ufuk Avcioglu, Muge Ustaoglu.

References

[1] Prieto J, Banales JM, Medina JE Primary biliary cholangitis: pathogenic
mechanisms. Curr Opin Gastroenterol. 2021;37:91-8.

[2] Leung KK, Deeb M, Hirschfield GM. Review article: pathophysiology
and management of primary biliary cholangitis. Aliment Pharmacol
Ther. 2020;52:1150-64.

[3] Gulamhusein AF, Hirschfield GM. Primary biliary cholangitis: patho-
genesis and therapeutic opportunities. Nat Rev Gastroenterol Hepatol.
2020;17:93-110.

[4] Tanaka A, Leung PSC, Gershwin ME. The genetics of primary biliary
cholangitis. Curr Opin Gastroenterol. 2019;35:93-8.

[5] Mehta SH, Lau B, Afdhal NH, et al. Exceeding the limits of liver histol-
ogy markers. ] Hepatol. 2009;50:36-41.

[6] Trivedi PJ, Bruns T, Cheung A, et al. Optimising risk stratification
in primary biliary cirrhosis: AST/platelet ratio index predicts out-
come independent of ursodeoxycholic acid response. ] Hepatol.
2014;60:1249-58.

[7] Joshita S, Umemura T, Ota M, et al. AST/platelet ratio index associ-
ates with progression to hepatic failure and correlates with histologi-
cal fibrosis stage in Japanese patients with primary biliary cirrhosis. J
Hepatol. 2014;61:1443-5.

[8] Siddiqui MS, Yamada G, Vuppalanchi R, et al. NASH clinical research
network. Diagnostic accuracy of noninvasive fibrosis models to detect
change in fibrosis stage. Clin Gastroenterol Hepatol. 2019;17:1877-
1885.e5.

[9] Lemoine M, Shimakawa Y, Nayagam S, et al. The gamma-glutamyl
transpeptidase to platelet ratio (GPR) predicts significant liver fibrosis
and cirrhosis in patients with chronic HBV infection in West Africa.
Gut. 2016;65:1369-76.

[10] Ren T, Wang H, Wu R, et al. Gamma-glutamy! transpeptidase-to-plate-
let ratio predicts significant liver fibrosis of chronic hepatitis B patients
in China. Gastroenterol Res Pract. 2017;2017:7089702.

[11] Xing M, Gao M, Li J, et al. Characteristics of peripheral blood Gamma-
glutamyl transferase in different liver diseases. Medicine (Baltim).
2022;101:28443.

[12] European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu; European Association for the Study of the
Liver. EASL clinical practice guidelines: the diagnosis and man-
agement of patients with primary biliary cholangitis. ] Hepatol.
2017;67:145-72.

[13] Gerussi A, Bernasconi DP, O’Donnell SE, et al. Italian PBC study group
and the GLOBAL PBC study group. Measurement of gamma glu-
tamyl transferase to determine risk of liver transplantation or death in
patients with primary biliary cholangitis. Clin Gastroenterol Hepatol.
2021;19:1688-1697.e14.

[14] Scheuer P. Primary biliary cirrhosis. Proc R Soc Med. 1967;60:1257-60.

[15] Younossi ZM, Bernstein D, Shiffman ML, et al. Diagnosis and
management of primary biliary cholangitis. Am ] Gastroenterol.
2019;114:48-63.

[16] Lammers W], Kowdley KV, van Buuren HR. Predicting outcome in pri-
mary biliary cirrhosis. Ann Hepatol. 2014;13:316-26.

[17] Murillo Perez CF, Hirschfield GM, Corpechot C, et al. GLOBAL PBC

Study Group. Fibrosis stage is an independent predictor of outcome

in primary biliary cholangitis despite biochemical treatment response.

Aliment Pharmacol Ther. 2019;50:1127-36.

Olmez S, Sayar S, Avcioglu U, et al. The relationship between liver

histology and noninvasive markers in primary biliary cirrhosis. Eur ]

Gastroenterol Hepatol. 2016;28:773-6.

Sayar S, Gokcen P, Aykut H, et al. Can simple noninvasive fibro-

sis models determine prognostic indicators (Fibrosis and Treatment

Response) of primary biliary cholangitis? Sisli Etfal Hastan Tip Bul.

2021;55:412-8.

[20] Agbim U, Asrani SK. Noninvasive assessment of liver fibrosis and
prognosis: an update on serum and elastography markers. Expert Rev
Gastroenterol Hepatol. 2019;13:361-74.

[21] Corpechot C, Carrat F, Poujol-Robert A, et al. Noninvasive elastog-
raphy-based assessment of liver fibrosis progression and prognosis in
primary biliary cirrhosis. Hepatology. 2012;56:198-208.

[22] Jiang X, Wang Y, Su Z, et al. Red blood cell distribution width to plate-
let ratio levels in assessment of histologic severity in patients with pri-
mary biliary cholangitis. Scand ] Clin Lab Invest. 2018;78:258-63.

[18

[19


easloffice@easloffice.eu

