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Rezumat

Introducere: Pacienţii transplantaţi hepatic prezintă un risc crescut
de apariţie a sindromului metabolic. Detectarea precoce a NAFLD şi
a altor componente ale sindromului metabolic este un pas important
în reducerea morbidităţii şi mortalităţii.
Metode: Am evaluat 60 de pacienţi transplantati hepatic prin 
caracteristici clinice şi biologice, am efectuat ecografie abdominala
şi elastografie - Fibroscan® cu parametru controlat de atenuare
(CAP), am calculate scoruri non-invazive: APRI, FIB-4, NAFLD,
riscul cardiovascular (scorul Framingham) şi pentru prezenţa 
sindromului metabolic şi am evaluat 2 biomakeri: integrina beta 7
şi anhidraza corbonica IX.
Rezultate: Vârsta medie a fost de 56,5 ani, iar timpul median de la
transplant a fost de 35 de luni. Coeficientul de corelare Spearman
al integrinei beta 7 şi rigiditatea hepatica obţinute prin Fibroscan®
a rezultat într-o corelaţie moderată r = 0,31, dar o asociere semni-
ficativă (p = 0,01). Analiza univariată a evidenţiat o asociere 
semnificativă între biomarkeri şi fibroza hepatică cu un cut-off 
pentru fibroza avansată de 8,7 kPa. Anhidraza carbonică IX a
prezentat o corelaţie mai bună comparativ cu rigiditatea hepatică
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Introduction

De novo nonalcoholic fatty liver disease
(NAFLD) in liver transplanted patients for 
cirrhosis not due to nonalcoholic steatohepatitis
is becoming a growing phenomenon.

Liver transplant (LT) recipients are at
increased risk for developing metabolic 
syndrome, partly due to immunosuppressive

therapy, but also to changes in lifestyle and
diet which suddenly becomes less restrictive
in the post-transplant setting.

Non-alcoholic fatty liver disease is 
considered the hepatic phenotype of metabolic
syndrome and its steady rate of progression
from steatosis to non-alcoholic steatohepatitis
(NASH), liver cirrhosis and hepatocellular 
carcinoma is well known.

cu un coeficient de corelaţie de 0,43 şi o valoare p = 0,0007 şi o corelaţie moderată în comparaţie cu
scorul FIB-4 (r = 0,27) şi APRI (r = 0,27) pentru fibroza hepatică, dar cu o valoare p semnificativă =
0,04, respectiv 0,03.
Concluzii: Considerăm foarte important pentru pacienţii noştri dezvoltarea de noi biomarkeri non-
invazivi pentru diagnosticarea precoce a NAFLD şi NASH, deoarece "standardul de aur" al biopsiei
hepatice nu este uşor acceptat în practica clinică. De asemenea, NAFLD şi NASH sunt procese
dinamice care necesită evaluări prospective şi repetate, o necesitate care nu poate fi satisfăcută de
biopsia hepatică.

Cuvinte cheie: steatoza hepatica post transplant hepatic, diagnostic non-invaziv, diagnostic precoce

Abstract
Background:  Liver transplant (LT) recipients are at increased risk for developing metabolic syn-
drome. Early detection of NAFLD and other components of the metabolic syndrome is an important
step in reducing morbidity and mortality. 
Methods: We assessed 60 liver transplant recipients for clinical and biological features, performed
abdominal ultrasound and transient elastography (TE) Fibroscan® with controlled attenuation
parameter (CAP), calculated non-invasive scoring systems APRI, FIB-4, NAFLD score, cardio-
vascular risk (Framingham risk score) and for the presence of metabolic syndrome and performed
two biomarkers: beta 7 integrin and carbonic anhydrase IX. 
Results: Sixty liver transplant recipients underwent clinical and biochemical evaluation, abdominal
ultrasound and TE with CAP. The median age was 56.5 years and the median time from trans-
plantation 35 months. The Spearman correlation coefficient of beta 7 integrin and the liver stiffness
measurement values obtained via Fibroscan® we obtained a moderate correlation r=0.31, but a 
significant association (p=0.01). The univariate analysis showed significant association between
both biomarkers and liver fibrosis assessed with a cut-off value of advanced fibrosis of 8.7 kPa. The
carbonic anhydrase IX showed a better correlation when compared to the liver stiffness with a 
correlation coefficient of 0.43 and p-value=0.0007 and a moderate correlation when compared to
both FIB-4 (r=0.27) and APRI (r=0.27) score for liver fibrosis but with a significant p value=0.04,
respectively 0.03.
Conclusion: We consider very important for our patients the development of new non-invasive 
biomarkers for early diagnosis of NAFLD and NASH, as the “gold-standard” of liver biopsy is not
easily accepted in clinical practice. Also NAFLD and NASH are dynamic processes that need
prospective and repeated assessments, a need that cannot be met by the classical liver biopsy. 
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Early detection of NAFLD and other compo-
nents of the metabolic syndrome is an impor-
tant step in reducing morbidity and mortality
in high risk populations, such as liver trans-
plant recipients. 

It is known that patients with NAFLD have
a higher liver related mortality than patients
without NAFLD, and also that fibrosis stage is
the main predictor for hepatic outcome, thus
initiating the search for triggers of fibrogenesis.
The necroinflammation associated to NAFLD
and NASH could be the main trigger, but bio-
marker based necro-inflammatory scores and
their dynamic change also play a key role as
proven by biopsy guided studies (1).

Biomarkers are widely acceptable in the
general population as a screening and diagnos-
tic method and unlike the gold standard of
liver biopsy they can be used in the follow-up of
these patients.

One recent study comprising a large cohort
of biopsy proven NAFLD patients showed that
the severity of the liver disease increases with
the progression of fibrosis but not with the
presence of NASH (2).

Disease progression is an important concern
as we can observe a rapid progression of 
fibrosis, being doubled by the presence of 
arterial hypertension (3).

The occurrence of hepatocellular carcinoma
associated to NAFLD/cryptogenic cirrhosis is
considered to be 10 times higher in patients
with type 2 diabetes mellitus and obesity(4).

Serum biomarkers for detecting fibrosis
and steatosis may have a key role in the follow
up of liver transplant recipients especially as
we are facing a dynamic process for which
liver biopsy is neither the safest nor the most
easily acceptable test for the patients.

APRI, FIB-4 and NAFLD fibrosis scores, all
based on serum biomarkers, have already been
validated as tools for measuring fibrosis in liver
transplant recipients with good AUROCs in 
predicting mortality, liver related mortality and
graft loss (5), and they can change acutely with
the onset of liver complications.

In LT recipients a study by Crespo et al.
clearly demonstrated the usefulness of liver
stiffness measurement by Fibroscan® at 1

year after liver transplantation to determine
clinical prognosis using a cut-off of 8.7 kilopas-
cals (kPa) in order to stratify patients with low
LSM that can be confidently managed without
liver biopsy and patients with high LSM that
are at increased risk for graft loss (6).

As inflammation is the precursor of liver
fibrosis we should aim to diagnose and control
inflammation in order to prevent or early 
diagnose the onset of fibrosis. Histologically
inflammation is characterized by accumulation
of leucocytes in the affected tissue and there are
three factors that control this process: the leuco-
cytes, the cytokines leucocytes produce and the
vascular endothelium.

Integrins are adhesion molecules located on
leucocytes, being involved in the rolling process
but also on the arrest onto the endothelial cells.
Integrin beta 7 has been cited to be associated
with steatohepatitis initiation and fibrosis 
progression in animal studies (7).

Carbonic anhydrase belongs to a large 
family of metalloenzymes involved at a cellular
level in the process of pH regulation, bio-
synthetic reactions and tumorigenesis. Carbonic
anhydrase IX (CAIX) is considered an anti-
tumor target for renal cell carcinoma as a 
widely expressed gene in response to hypoxia.

The objectives of our study were to evaluate
the use of beta 7 integrin and carbonic anhydrase
IX as biomarkers for early detection of fibrosis in
liver transplant recipients, acknowledging the
results of the studies that differentiate between
the outcome of LT recipients according to the
degree of fibrosis (8).

Materials and Methods

We assessed 60 liver transplant recipients for
clinical and biological features, performed
abdominal ultrasound and transient elasto-
graphy (TE) Fibroscan® with controlled
attenuation parameter (CAP), calculated non-
invasive scoring systems for advanced fibrosis
and NAFLD (APRI, FIB-4, NAFLD score), for
cardiovascular risk (Framingham risk score)
and for the presence of metabolic syndrome. 

Most of the patients (69%) were transplanted
for HCV liver cirrhosis and only 15% for
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HBV+HDV liver cirrhosis. All of the HCV
transplanted patients had recurrence of HCV
infection shortly after liver transplantation (3-
6 months), but the availability of direct acting
antivirals helped treating these patients in
mild degrees of fibrosis.

The presence of metabolic syndrome was
assessed using the American Heart Association
criteria that requires 3 or more of the following
in order to make the diagnosis: abdominal 
obesity, high triglycerides (TG) or on TG lowering
therapy, low HDL cholesterol, high blood 
pressure, elevated fasting glucose/on glucose
lowering therapy.

Analysis was performed in order to search for
correlations between the serum level of beta 7
integrin and carbonic anhydrase IX with liver
stiffness measurement by TE (using a cut-off of
8.7 kPa), CAP for significant steatosis (using a
cutoff of 280 db/m) and serum biomarkers
already included in validated prediction models
for fibrosis and inflammation.

Uni and multivariate analysis by stepwise
regression analysis were performed and we also
applied the Spearman correlation coefficient
test. A p-value less than 0.05 was considered 
significant for all tests.

Results

Sixty liver transplant recipients were included
in the study. All patients underwent clinical
and biochemical evaluation, abdominal ultra-
sound and TE with CAP. The median age was
56.5 years and the median time from trans-
plantation 35 months (Fig. 1). 

Thirty-six patients (60%) were overweight
(BMI>25 kg/sqm), 14 (23%) obese (BMI>30
kg/sqm). 76% of patients received tacrolimus-
based immunosuppression following liver
transplantation.

TE (Fibroscan®) with CAP was performed
in all patients: 16 patients (26%) had
advanced fibrosis (F3, F4) and the median
value for CAP was 271 db/m (Figs. 2, 3).

The presence of metabolic syndrome in our

Figure 1. Causes of end-stage liver disease leading to liver
transplantation

Figure 2. LSM interpreted as degree of fibrosis

Figure 3. Liver steatosis according to CAP values
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study population was encountered in 52% (32
patients).

The frequency of type 2 diabetes mellitus in
the studied population was 60% (36 patients)
and 12 patients (20%) were diagnosed with
new onset type 2 diabetes mellitus after liver
transplantation. Regarding arterial hyperten-
sion the situation was similar with 30 patients
being diagnosed with high blood pressure
after liver transplantation, with a higher rate
of new onset arterial hypertension of 32% (19
patients).

The Framingham risk score for cardiovascu-
lar mortality was calculated in all patients as a
gender specific algorithm used to estimate the
10 years cardiovascular risk of an individual. In

our study 13% of the patients were assessed to
have a high cardiovascular risk at 10 years
(2%/year).

β7-integrin serum concentration was 
performed for all patients and the mean value
was 2.07 ng/ml. Carbonic anhydrase IX was
also performed with a mean value of 116
pg/ml. 

When analyzing the Spearman correlation
coefficient of beta 7 integrin and the liver 
stiffness measurement values obtained via
Fibroscan® we obtained a moderate correlation
r=0.31, but a significant association (p=0.01)
(Figs. 4-7).

The univariate analysis showed significant
association between both biomarkers and liver

Figure 4. Spearman correlation - beta -7 integrin and liver
stiffnes

Figure 5. Spearman correlation of CAIX with liver stiffness
measument values (Fibroscan®)

Figure 6. Spearman correlation of CAIX with FiB-4 score Figure 7. Spearman correlation of CAIX with the APRI score 
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fibrosis assessed with a cut-off value of
advanced fibrosis of 8.7 kPa, but also some of
the biochemical parameters of each patient
(platelets, AST, GGT). The measurement of liver
steatosis using CAP also showed a significant
association when compared to the same cut-off
for liver fibrosis (Table 1).

The multiple regression analysis was 
performed and the serum level of CAIX and
CAP values were identified as independent
risk factors for advanced fibrosis (Table 2). 

All the non-invasive scores for liver fibrosis
calculated for our patients were significantly
higher in patients with advanced fibrosis on
Fibroscan®.

The carbonic anhydrase IX showed a better
correlation when compared to the liver stiff-
ness with a correlation coefficient of 0.43 and
p-value=0.0007 and a moderate correlation
when compared to both FIB-4 (r=0.27) and
APRI (r=0.27) score for liver fibrosis but with
a significant p value=0.04, respectively 0.03
(Table 3).

Discussion

The prevalence of NAFLD is 20-30% and 
expected to increase worldwide. Liver transplant
recipients are at higher risk of developing
NAFLD because of the changes in lifestyle and
the contribution of the immunosupression.

Recent studies have shown the impact of de
novo NAFLD and NASH on cardiovascular 
disease and de-novo extrahepatic malignancies,
all resulting in a 5-fold higher risk of death (9).

Chronic inflammation within liver cells leads
to the constitution of liver fibrosis as a result of
accelerated matrix generation and impaired

degradation. Integrins represent a family of
transmembrane cellular protein receptors and
their role is to mediate interactions between
cells and the surrounding extracellular matrix.

Immune active cells contribute to the patho-
genesis of liver diseases. α4β7 is an already
known integrin to play an important role in 
lymphocyte trafficking in the GI tract via inter-
action with mucosal addressin cell adhesion
molecule (MAdCAM). It has been shown that
the process of immune cell recruitment and 
disease progression can be influenced by the
pair MAdCAM-1/β7-integrin with β7-integrin
deficiency resulting in increased steatohepatitis.

Beta-7 integrin was shown in a recent 
animal model to have protective effects against
the development of steatohepatitis, as beta 7
depleted mice showed earlier steatohepatitis
initiation and significantly increased fibrosis
progression (10).

Carbonic anhydrase IX is a marker of hypoxia
and its expression was reportedly associated with

Table 2. Results of multiple regression analysis 

Table 3. Noninvasive serological scores of assessing fibrosis
according to liver stiffness measurement

Variable Multiple correlation coefficient P value
CAIX(pg/ml) 2.29 0.02
CAP (dB/m) -2.53 0.01

Variable LS>8.7kPa LS<8.7kPa P value
(n=19) (n=41)

APRI 1.05 0.5 0.01
FIB4 3.2 1.9 0.02
NAFLD -1.6 -2.1 0.03

Variable LS>8.7kPa (n=19) LS<8.7kPa (n=41) P value

CAIX (pg/ml) 65.5 21.2 0.01

Beta-7 integrin (ng/ml) 3.04 1.82 0.02

PLT/mm3 124000 164500 0.03

AST (IU/L) 44 28 0.04

GGT (IU/L) 84 34 0.09

CAP (dB/m) 188 286 0.009

Table 1. Results of univariate analysis – Factors associated with advanced fibrosis after LT
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poor prognosis in many cancers. It is a known
fact that hypoxia and inflammation are inter-
related at a molecular, cellular and clinical level.
Just as hypoxia can induce inflammation,
inflamed lesions often become severely hypoxic.
Contributors to tissue hypoxia during inflam-
mation are the high metabolic demands of cells
and a reduction in metabolic substrates.

NAFLD fibrosis score is used on a large
scale to assess the severity of liver fibrosis
with high levels of sensitivity and specificity
for ruling out (<-1.45) and ruling in advanced
fibrosis (>-0.67), thus diminishing the need to
perform a liver biopsy.

FIB-4 index is based on a simpler formula
but is also very good for distinguishing
advanced fibrosis (>3.25). Recent studies have
shown both the NAFLD fibrosis score and the
FIB-4 index were as good as MR elastography
in predicting advanced fibrosis (11, 12).

These blood-based prediction scores for liver
fibrosis have not been initially developed for
liver transplant recipients but they proved to be
useful and later validated in post-transplant
setting. A good association with the liver 
stiffness measurement by Fibroscan® was later
observed, also a validated tool for liver trans-
plant recipients, similar to our study (8).

Our study demonstrated that the serum 
levels of CAIX can be used as an independent
risk factor for predicting advanced fibrosis in
liver transplant recipients with a positive statis-
tical correlation both with the liver stiffness 
values and the non-invasive prediction models
for advanced fibrosis.

This is the first study to demonstrate the
usefulness of the serum levels of CAIX and beta
7 integrin as biomarkers for moderate and
advanced fibrosis in NAFLD in general but
especially in liver transplant recipients in a
moment when most experts suggest the need for
developing new blood based biomarkers for this
world wide growing epidemics in order to be
able to early diagnose and prevent complica-
tions and comorbidities.

Demonstrating this in a high-risk population
for NAFLD/NASH could be a key factor for the
improvement of non-invasive diagnosis and 
further research should be developed.

The metabolic syndrome consists of a multi-
tude of risk factors that increase the risk to
develop cardiovascular disease in the future. In
LT recipients, the prevalence of cardiovascular
risk factors, such as obesity, diabetes and 
dyslipidemia, is increased compared to the 
general population, as shown by our study.

The cardiovascular risk is considered to be
the main concern in the NALFD-NASH-
advanced fibrosis evolution and our cohort
showed an increased risk for cardiovascular
mortality when assessed by the Framingham
risk score. A recent study by Tsai et al. (13)
identified in a large population-based survey a
nine-fold increased risk in liver transplant
recipients for developing cardiovascular com-
plications in the post-transplant setting.

The lack of correlation to our biomarkers
shows the need to do further research in this
direction, and our study will continue including
patients in order to have a more significant
cohort.

Conclusion

The burden of NAFLD and metabolic syndrome
in liver transplant recipients is very high,
impacting on lifestyle and severely affecting
morbidity and mortality in these patients. We
consider very important for our patients the
development of new non-invasive biomarkers
for early diagnosis of NAFLD and NASH, as the
“gold-standard” of liver biopsy is not easily
accepted in clinical practice. Also NAFLD and
NASH are dynamic processes that need
prospective and repeated assessments, a need
that cannot be met by the classical liver biopsy. 

No conflict of interest.
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