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Abstract
This article reviews the current evidence and knowledge of progressive liver
fibrosis after pediatric liver transplantation. This often-silent histologic finding is
common in long-term survivors and may lead to allograft dysfunction in
advanced stages. Surveillance through protocolized liver allograft biopsy remains
the gold standard for diagnosis, and recent evidence suggests that chronic
inflammation precedes fibrosis.
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Core tip: Progressive liver allograft fibrosis is a common finding after liver
transplantation in children and may lead to allograft failure in the long-term. Recent data
from centers performing sequential protocol biopsies after pediatric liver transplantation
demonstrate that chronic inflammation precedes fibrosis. In this review, we provide an
update on pathogenesis, diagnosis and management of progressive liver fibrosis in
pediatric liver transplant recipients.
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INTRODUCTION
Improvements in organ preservation, perioperative care and immunosuppression
have increased patient and graft survival after pediatric liver transplantation over the
past three decades. As such, currently, the 10-year patient and graft survival are 83%
and 73%, respectively[1].  Despite these good early outcomes,  most pediatric  liver
transplant recipients fail to meet the goal of “one graft for lifetime”. Progressive liver
fibrosis,  a  common  cause  of  liver  allograft  failure  in  pediatric  liver  transplant
recipients, remains highly prevalent in late post-transplant liver biopsies; reported in
69%  to  97%  of  all  cases[2-7]  (Table  1).  Here,  we  review  the  current  evidence  on
pathogenesis, etiology, diagnosis and management of progressive liver fibrosis in
pediatric liver transplant recipients.

ETIOPATHOGENESIS OF PROGRESSIVE LIVER FIBROSIS
While a detailed overview of the liver fibrosis is beyond the scope of this review,
understanding the main instigators of this process is of paramount importance in the
context of progressive liver fibrosis. Fibrosis in the liver is a wound healing response
to chronic injury, secondary to infections (e.g.,  viral hepatitis),  immune-mediated
mechanisms (e.g.,  auto-immune hepatitis)  or  chemicals  (e.g.,  alcoholic  hepatitis).
Fibrosis can occur both in the native and transplanted liver. Studies have shown that
the  central  event  in  liver  fibrosis  is  activation  of  hepatic  stellate  cells  (HSC)  in
response to chronic injury. HSC are located in the subendothelial  space of Disse,
between sinusoidal epithelium and hepatocytes. Activated HSC increase expression of
cytoplasmic alpha-smooth muscle actin. This differentiation is followed by secretion
of collagen Type 1 and 3[8,9]. In addition, HSC activate other fibrogenic mechanisms
through paracrine stimuli.

Two additional mechanisms of chronic injury can occur in transplanted livers;
alloimmune inflammation (Figure 1A and B) and biliary outflow obstruction (Figure
1C). The association between allograft inflammation and progressive fibrosis has been
demonstrated in multiple studies. Based on 1-, 5- and 10-year protocol liver allograft
biopsies in pediatric liver transplant recipients, Evans et al[3] showed that the incidence
of chronic, silent inflammation exceeds 40% at 5 years, and 60% at 10 years. The group
from Belgium, Varma et al[10] subsequently investigated the temporal relationship of
inflammation and fibrosis, using sequential allograft biopsies (a total of 5 biopsies in
10 years). Their analysis demonstrated that the biggest predictor of graft fibrosis is
portal  inflammation (Figure 1A) seen in the preceding biopsy.  Furthermore,  the
severity of the inflammation correlated with the risk of fibrosis (Figure 1C and D) in
the consecutive biopsy.

The role  of  donor-specific  HLA antibodies  (DSA) in  development  of  allograft
fibrosis after pediatric liver transplantation has been investigated in Kyoto, Japan[11].
Based on 5-20-year  protocol  liver  biopsies,  the  investigators  found a  significant
correlation with circulating DSA and stage 3 and 4 fibrosis. More in-depth evaluation
of the biopsies, however, demonstrated that the incidence of inflammation in the
preceding liver biopsy of the recipients with DSA was significantly higher, raising the
question of whether the DSA is a consequence of inflammation, rather that the cause
of fibrosis. Previous studies from our group at the Mayo Clinic have shown that the
inflammation in patients with DSA is not different than that of  patients without
DSA[12], and the alloreactivity of T cells in liver patients, regardless of the DSA status,
is reduced[13].

One of the theories that explain immune mediated injury and subsequent fibrosis is
“antigenic mimicry”. HLA-DRB1*03/04 allele in liver recipients predisposes to such
injury. The mechanism of injury is similar to autoimmune hepatitis as explained by
Montano-Loza et al[14] and Liberal et al[15]. This allele favors faulty antigen processing
causing immune mediated hepatocyte injury. Varma et al[10]  in their observational
study of 89 stable liver recipients noted that HLA-DRB1*03/04 is a risk factor for high
grade fibrosis and these recipients need to be monitored closely.

DIAGNOSIS

Protocol liver biopsy
Liver function tests are usually normal at early stages of liver allograft fibrosis after
pediatric  liver  transplantation.  Therefore,  liver  biopsy remains  the  current  gold
standard  for  diagnosis  of  fibrosis  though  with  some  limitations  which  include
sampling errors. Although it is an invasive diagnostic tool, liver biopsy in pediatric
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Table 1  Incidence of liver allograft fibrosis in protocol liver biopsies in various studies

Ref. 1-2 yr (%) 3-5 yr (%) 10 yr (%)

Fouquet et al[4], 2005 73

Evans et al[3], 2006 32 55 69

Ekong et al[2], 2008 97

Scheenstra et al[6], 2009 34 65 69

Miyagawa-Hayashino et al[11], 2012 84

Sanada et al[5], 2014 24.7 34.5

Sheikh et al[23], 2018 2

liver  transplant  recipients  has  a  low complication  rate  and provides  invaluable
information regarding the health of the allograft. Thus, most pediatric liver transplant
programs have  adapted protocolized liver  biopsy  at  various  time points.  These
biopsies are evaluated for fibrosis by using either the METAVIR or the Liver Allograft
Fibrosis Score systems (Table 2). As the more commonly used METAVIR score was
not designed for evaluating allograft biopsies,  the latter may be better suited for
transplant  patients.  Regardless,  both  score  systems  have  advantages  and
disadvantages, detailed in Table 2. In order to decrease the odds of sampling error
and observer variability, it is recommended that the biopsy specimen to be at least 20-
25 mm[16,17].

In  addition  to  the  routine  histological  evaluation,  recently  the  utility  of  the
assessment of alpha smooth muscle actin in biopsies was tested. As discussed above,
HSC express  cytoplasmic alpha smooth muscle  actin prior  to  secreting collagen.
Therefore, theoretically, quantification of alpha smooth muscle actin could predict
severity of future fibrosis in the allograft. In fact, in a recent study, alpha smooth
muscle  actin  -positive  area percentage > 1.05  predicted increased fibrosis  in  the
subsequent biopsy with a 90% specificity[18].

Serological tests for fibrosis
Fibro test:  Fibro test  in  pediatric  liver  transplant  patients  is  calculated from six
biochemical markers (gamma glutamyl transpeptidase, alanine aminotransferase,
haptoglobin, alpha-2-macroglobulin, apolipoprotein-A1, and total bilirubin) as well as
age and sex of the patient. The test was devised by Bio Predictive, France. The score
lies between 0 and 1. There was, however, no correlation of FT with the degree of
fibrosis[19].

Enhanced liver fibrosis test:  The enhanced liver fibrosis test (ELF test,  Siemens)
combines Hyaluronic Acid, amino-terminal propeptide of type III collagen, and tissue
inhibitor of metalloproteinase 1 in an algorithm. ELF values were significantly higher
in healthy transplant children compared with healthy controls. Values < 7.7 mild or
no fibrosis, 7.7-9.8 moderate fibrosis, and > 9.8 severe fibrosis. There was however no
correlation of ELF with the degree of fibrosis[19].

Imaging studies
Transient elastography:  Uses the propagation velocity of an ultrasound wave to
calculate liver stiffness. It is useful to detect advanced fibrosis rather than milder
forms. The technique is generally applicable in children and has been shown to be of
some diagnostic value. However, it is not a test for screening fibrosis; although it can
be used for follow up after establishing a base line for the patient[19]. Limitations of the
elastography in children include the requirement of pediatric probes and distorted
signals secondary to the midline position of the grafts. In addition, elastography in
pediatric transplant recipients with no fibrosis (based on biopsy) reveals higher scores
than that in children who have not had a transplant[19].

Acoustic radiation force impulse:  This is another ultrasound based elastography
method.  The  region  of  interest  in  the  liver  is  located  using  a  real  time  B  mode
ultrasound. Tissue in the region of interest is mechanically excited with an impulsive
acoustic radiation force, which results in the generation of shear waves within the
tissue; the velocity of these shear waves in meters per second indirectly measures the
elasticity of the liver. Tomita et al[20] showed that acoustic radiation force impulse had
good accuracy in detecting graft fibrosis after living donor liver transplantation.

Magnetic resonance imaging:  Serai  et  al[21]  in 2018 had used magnetic resonance
imaging (MRI) derived liver stiffness in pediatric and young population for a wide
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Figure 1

Figure 1  Hematoxylin-eosin staining results. A and B: Portal inflammation, noted for infiltration of the portal fields with inflammatory cells (A, 40 ×) can give rise to
fibrosis in the same field (periportal fibrosis) (B, 10 ×); C: When the fibrosis extends from portal fields to adjacent portal fields, biliary type fibrosis ensues (20 ×); D:
Conversely, fibrosis can also occur in perisinosoidal or perivenular compartments (40 ×).

variety of  liver  diseases.  MRI was found to have moderate  test  performance for
distinguishing stage 0-1 fibrosis from stage 2 or higher fibrosis in pediatric patients
with liver disease. MRI has still not been used for detecting fibrosis in pediatric liver
allografts but seems to be a modality for the future.

MANAGEMENT OF PATIENTS WITH LIVER FIBROSIS
Because of the correlation between alloimmune injury and subsequent development
of progressive allograft  fibrosis after pediatric liver transplantation,  intensifying
immunosuppression has been the most common approach in management of patients
with fibrosis. In a cross-sectional study of 60 pediatric liver transplant recipients from
Hamburg, Germany, 14 patients were found to have inflammation and early fibrosis
in  protocol  biopsies,  despite  normal  laboratory  findings [ 2 2 ].  Accordingly,
immunosuppression  was  intensified  by  increasing  the  goal  trough  levels  of
Cyclosporin A and Tacrolimus. Five of the 14 patients were then biopsied, 12 to 18 mo
later.  Histologic  evaluation  demonstrated  resolution  of  inflammation  and
improvement in the fibrosis score in 4 patients in whom the higher drug trough levels
could  be  achieved.  Similarly,  Sanada  et  al[5]  reported  that  in  11  pediatric  liver
transplant  patients  with  5  year  protocol  liver  allograft  biopsies  demonstrating
moderate inflammation and fibrosis,  improvement in both the inflammation and
fibrosis scores was achieved in all patients after intensifying the immunosuppression.
In the most recent report from Sheikh et al[23], 44 liver transplant recipients in New
Zealand were maintained on stable, Tacrolimus-based immunosuppression for the
first  5 years,  with a median trough level of 5.8 µg/L. With that,  the incidence of
fibrosis in liver allografts was as low as 2% at 5 years, notable for the lowest such
incidences in the literature.

The role of steroids in preventing fibrosis was investigated by Venturi et al[17] in
2014. In a cohort of 38 pediatric liver transplant recipients, the authors found that the
incidence of allograft fibrosis within the first year was higher among the group that
was maintained on a steroid-free immunosuppression regimen. However, long term
progression  of  the  fibrosis  was  similar  in  the  steroid-free  and  steroid-inclusive
immunosuppression groups,  indicating that  the potentially  protective impact  of
steroids on liver allograft fibrosis may not be sustained in the long-term.
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Table 2  Comparison of METAVIR and Liver Allograft Fibrosis scores for fibrosis assessment

METAVIR score[25] Liver allograft fibrosis score – LAFSc[26]

Portal and periportal (Figure 1B) tract-based fibrosis scoring systems Periportal (Figure 1B), Perisinusoidal and perivenular (Figure 1C) fibrosis-
based staging

Used for assessing fibrosis in post viral hepatitis, may not accurately
quantify LAF in pediatric population. Assesses fibrosis located in portal
tracts, underestimating LAF in the other areas

LAFSc system stages fibrosis adding portal tracts, sinusoids and
centrilobular areas. Advantage of LAFSc is the individual assessment of
fibrosis in portal tracts, sinusoids and centrilobular veins providing good
representation of the whole hepatic acinus

The stage of fibrosis was assessed on a five-point scale: F0 = no fibrosis, F1
= portal fibrosis without septa, F2 = few septa, F3 = numerous septa
without cirrhosis, F4 = cirrhosis; Activity was graded according to the
intensity of necro inflammatory lesions: A0 = no histological activity, A1 =
mild activity, A2 = moderate activity, A3 = severe activity

Fibrosis deposition was classified in three main areas of the liver
parenchyma: Portal tracts, sinusoids (zones 1 and 2) and centrilobular veins
(zone 3); in each area, fibrosis was staged from 0 to 3 (0 = absent, 1 = mild, 2
= moderate and 3 = severe fibrosis), with a total score of 9. Equal score
weight was assigned to each area to accurately reflect fibrosis distribution in
liver allograft specimens

A histopathological abnormality is a Metavir score of ≥ A1 or ≥ F1 and such
scores indicate the need for treatment because liver fibrosis is reversible if
early treatment is initiated

LAFSc: ≤ 3 – mild fibrosis; 4-5 – moderate fibrosis; ≥6 – severe fibrosis

In a sample of PLB specimens METAVIR detected LAF in 81.6%
specimens[26]

LAFSc showed fibrosis in 93.5% of specimens[26]

LAFSc: Liver Allograft Fibrosis Score; LAF: Liver allograft fibrosis.

Given these findings, it is reasonable to suggest that detection of early reversible
graft fibrosis warrants increasing immunosuppression. It should be noted, however,
that none of the above-mentioned studies are randomized.

THE FUTURE
As outlined above, much remains to be investigated to elucidate the mechanisms that
trigger graft fibrosis in pediatric liver transplant recipients. A promising development
is the establishment of the Graft Injury Group Observing Long-term Outcome group
in early 2015[24]. This international multicenter, multidisciplinary collaboration aims to
follow a population of children post liver transplant in order to identify mechanisms
of allograft injury, and to determine predictive factors for progression of disease and
treatment response, with the ultimate goal of improving long-term graft survival.

Preliminary data from 6 European transplant centers shows increasing incidence of
chronic graft hepatitis (43% at 5 years, 53% at 10 years) and fibrosis (54% at 5 years,
79% at 10 years) over time. It appears that children treated with long-term low dose
steroids are significantly less likely to have graft hepatitis compared to those not on
steroids both at 5 years and 10 years. This improvement, however, was not associated
with decreased graft fibrosis at 10 years.

CONCLUSION
As long-term survivors of pediatric liver transplantation continue to increase, so does
the incidence of progressive graft fibrosis. The definitive way of diagnosis of graft
fibrosis is still through a liver biopsy. Even though studies show early post-transplant
biopsies are not needed (1 and 2 year) most of the centers do regular protocol biopsies
at 1, 5, 10, 15 and 20 years. There is also evidence that some of the fibrosis could be
driven by genetic predisposition, allo-immunity and inflammation. There has been
evidence to suggest that preceding inflammation and its intensity correlated with
subsequent fibrosis. Portal inflammation has been the strongest predictor of portal
fibrosis in subsequent protocol biopsies and this is not seen in other areas[10].  The
current  understanding  is  early  fibrosis  is  reversible  with  increasing  immuno-
suppression emphasizing the need for constant surveillance of pediatric liver allograft
recipients.
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