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ABSTRACT

Aim: Bile salt export pump (BSEP) deficiency manifests a form of progressive intrahepatic
cholestasis. This study aimed to establish a scoring system of liver histology for the
uncommon genetic condition.

Methods: After a roundtable discussion and a histology review, a scoring system for BSEP
deficiency was established. Eleven tissue samples were independently evaluated by three
pathologists based on the proposed standard for an interobserver agreement analysis. In
four cases with serial tissue samples available, correlation between changes in histology
scores and clinical outcome was examined.

Results: Of 14 initially listed histopathological findings, 12 were selected for scoring and

grouped into the following four categories: cholestasis, parenchymal changes, portal tract
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changes, and fibrosis. Each category consisted of two to four microscopic findings that were
further divided into three to six scores; therefore, each category had a maximum score of 8 to
11. Interobserver agreement was highest for pericellular fibrosis (k value: 0.849) and lowest
for hepatocellular cholestasis (k value: 0.241) with the mean and median k values of the 12
parameters being 0.561 and 0.602, respectively. For two patients whose clinical features
warsened, score changes between two time points were interpreted as deteriorated. In two
patients, who showed a good clinical response to preprandial treatment with sodium 4-
phenylbutyrate, histological changes were evaluated as improved or unchanged.
Conclusions: The proposed histology-based scoring system for BSEP deficiency with
moderate interobserver agreement may be useful not only for monitoring microscopic

changes in the clinical practice but also for a surrogate endpoint in clinical trials.

Keywords: BSEP, intrahepatic cholestasis, PFIC, liver biopsy, NaPB, clinical trial
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Introduction

Progressive familial intrahepatic cholestasis (PFIC) is caused by molecular alterations
of genes that encode canalicular transporters such as familial intrahepatic cholestasis protein
1, bile salt export pump (BSEP), multidrug resistance protein 3 (MDR3), or tight junction
protein 2.4 MDR3 deficiency presents with jaundice and an elevation in serum y-
glutamyltransferase (GGT) levels, while the remaining three forms are characterized by
cholestasis with normal levels of serum GGT.> Recently, children with homozygous
mutations in NR1H4, which encodes the farnesoid X receptor, a bile acid-activated nuclear
hormone receptor that regulates bile acid metabolism, were also found to present with low-
GGT neonatal cholestasis.®

ABCB11 encodes BSEP, an ATP-binding cassette transporter responsible for the
secretion of bile salts from hepatocytes to the bile canaliculi. Biallelic mutations of ABCB11
lead to diverse clinical manifestations. The most severe form is PFIC, which eventually leads
to cirrhosis. Children with that progressive disease present with the neonatal hepatitis
syndrome in infancy. A liver biopsy typically shows extensive giant cell transformation of
hepatocytes, lobular cholestasis, lobular inflammation, and the loss of BSEP expression
using immunostaining.” A milder form is characterized by recurrent episodes of low-GGT
cholestasis and minimal liver fibrosis. This form is called benign recurrent intrahepatic
cholestasis. The severity of the clinical manifestations is determined by the residual activity of

BSEP. Patients’ mothers may also have a history of cholestasis during pregnancy, which is
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another associated manifestation of the hereditary liver disease. BSEP deficiency is known to
increase the risk of hepatocellular carcinoma, particularly in the cirrhotic state.®°

Currently, a liver transplantation is the only cure for BSEP deficiency. We have
published experimental evidence that sodium 4-phenylbutyrate (NaPB), a drug approved for
treating urea cycle disorders, has a newly identified pharmacological effect that increases the
expression and function of BSEP.1° Pre-trial observational studies using NaPB also
suggested that this drug partially restores the expression of BSEP on the canalicular
membrane of hepatocytes, and therefore, improves the clinical abnormalities of patients with
BSEP deficiency.'14 These promising results may warrant future clinical trials. However, the
evaluation of the treatment efficacy by solid clinical endpoints such as death or liver
transplantation is hindered by the chronic, diverse disease manifestations and the low
prevalence of this condition. Therefore, surrogate endpoints including biochemical
biomarkers and liver histology need to be considered. A beneficial aspect of a liver biopsy is
that the histological changes directly measure the degree of disease severity; however, itis a
subjective evaluation with inconsistent interobserver reproducibility. To overcome that
limitation, several studies tested the reproducibility and prognostic values of histology-based
scoring systems for chronic liver diseases such as primary sclerosing cholangitis and non-
alcoholic steatohepatitis, and suggested a potential usefulness of a liver biopsy scoring

system for the evaluation of treatment efficacy.'>*®
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The present study aimed to establish a scoring system for liver histology of patients
with BSEP deficiency, that reflects disease progression and is potentially useful for future

clinical trials.

Methods

This study was approved by the institutional review boards and performed in
accordance with the amended Declaration of Helsinki. We obtained informed consent in
written form from patients’ parents or provided opportunities for refusal to participate in this
study by opt-out. The participating medical institutions disclosed the opt-out document

approved by the ethics committee.

Outline of the study

Four pathologists and eight pediatric hepatologists met twice in 2016 in order to discuss
the liver biopsy findings of patients with BSEP deficiency. Histology slides of liver biopsies
and explants obtained from nine patients with BSEP deficiency were prepared. For each
case, hematoxylin and eosin staining and reticulin or Masson’s trichrome staining were
available. After a roundtable discussion and a histology review using a multihead
microscope, a histology scoring system was established and evaluated through the following
four-step process.

Step 1. Listing microscopic findings potentially useful for the scoring system

Step 2. Establishing the scoring system using shortlisted parameters
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Step 3. Conducting an interobserver agreement study of the proposed system

Step 4. Correlating the histology scores and the clinical outcomes

Interobserver agreement analysis

Eleven tissue samples obtained from seven patients with BSEP deficiency were
independently scored by three pathologists. Eight samples were liver biopsies, while the
remaining three were liver explants. The diagnosis of BSEP deficiency in those patients was
established by low-GGT cholestasis, histology findings, and genetic analysis.
Immunohistochemical signal of BSEP was below the detection limit in five patients and was
not tested in the other patients, who carried the reported PFIC2-type mutations in both
alleles. Two patients were males and five were females. Tissue samples were obtained at
the age of 3 to 34 months (median: 22 months). Pathologists were blinded to any clinical
infermation including patient's name, age, symptoms, treatment history, and serological data.
A CD-ROM containing virtual slides of the hematoxylin and eosin staining and reticulin or
Masson’s trichrome staining was sent to the pathologists. Interobserver agreement was
evaluated by calculation of k values for individual microscopic findings. k values were
interpreted as previously described:'® 0.00-0.20, slight agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and 0.81—

1.00, almost perfect agreement.
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Correlation analysis of histology scores and clinical outcomes

Using paired biopsy and explant samples available in two patients, changes in the
histology scores were determined. One of the two transplant patients had the initial biopsy at
the age of 11 months and a liver transplantation 12 months later, while the other underwent
biopsy at the age of five months and had a liver transplantation three months later. No
immunohistochemical signal of BSEP was detectable in the biopsy and explant samples of
both patients. In addition, three biopsy samples (taken before and during NaPB therapy)
were available in two other patients. The period between each biopsy was 12 months. Their
detailed clinical courses have been published elsewhere.?® One patient showed a good
clinical response to NaPB with improved serological findings including bilirubin, while, the
other showed no obvious improvement in 12 months after starting postprandial oral
administration of NaPB. Therefore, the therapy was switched to a preprandial regimen, and
the patient’s clinical symptoms and biochemical liver function tests gradually improved
thereafter. In both patients, immunohistochemical signal of BSEP was below the detection
limit before the NaPB therapy and partially restored 12 months after onset of its posprandial

regimen.

Results
Establishing the scoring system
Liver tissue biopsy findings of patients with BSEP deficiency vary and depend on

when they are taken.?! One example is the giant cell transformation of hepatocytes, which is

This article is protected by copyright. All rights reserved.



extensive in neonates but becomes less pronouced later on. Therefore, we agreed that
multiple microscopic findings were required to establish the scoring system. We also agreed
that the scoring scheme should consist of several groups of related microscopic findings
similar to scoring systems for other liver diseases. In the non-alcoholic fatty liver disease
activity score system, three independent findings (steatosis, lobular inflammation, and
ballooning) are used to estimate activity.?” The proposed scoring standard also needed to be
applicable to early and advanced stages of the disease.

The following 14 histopathological findings were initially listed: hepatocellular
cholestasis, bile plugs, cholestatic rosette of hepatocytes, lobular necroinflammation, giant
cell change of hepatocytes, hepatocyte swelling, confluent or submassive necrosis,
cobblestone appearance of the parenchyma, distortion of the sinus trabecular pattern, portal
inflammation, interface hepatitis, ductular reaction, periportal fibrosis, and pericellular fibrosis.
Cobblestone appearance of the parenchyma and distortion of the sinus trabecular pattern
were eventually excluded, because the biological nature of the former is unclear, and the
latter is thought to overlap with swelling or the giant cell change of hepatocytes.

In addition, the histological review of nine cases using a multihead microscope led to
the conclusion that the degrees of cholestasis, fibrosis, and lobular inflammation were not
always correlated. Although portal tract changes of BSEP deficiency were not well described
in the literature, some cases, particularly cases of advanced disease, showed conspicuous

portal inflammation and ductular reaction. Therefore, the microscopic findings were grouped
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into four categories (cholestasis, parenchymal change, portal tract change, and fibrosis).

Finally, a scoring system consisting of 12 microscopic findings was established.

Proposed scoring system

The proposed histology-based scoring scheme is described in Table 1, and the
scoring standards of the individual findings are summarized in Table 2. Representative
pictures of the microscopic findings are available in Figures 1-4. There are several caveats
for scoring. Firstly, for scoring bile plugs, only bile casts outside the hepatocytes need to be
counted, in order to reduce the risk of double counting. Intracellular bile plugs are analyzed
separately as a part of hepatocellular cholestasis. Secondly, score 2 is given to confluent or
submassive necrosis because confluent or submassive necrosis suggests a more
aggressive nature than other microscopic findings. Thirdly, a giant cell change is defined as
enlarged hepatocytes with three or more nuclei, while hepatocyte swelling requires cell
enlargement 2-times larger in diameter than “normal” hepatocytes for the scoring purpose, in
order to increase reproducibility (Figure 2). Finally, unlike other scoring systems, pericellular
fibrosis needs to be evaluated separately from the overall fibrosis stage, because some
cases showed widespread pericellular fibrosis but limited portal or septal scaring (Figure 4B).

In clinical trials, two or more liver needle biopsies are usually evaluated before and
after treatment, with histology scores being compared at multiple points. Standardization is
also required for the evaluation of the score changes. Given sampling variation of the needle

biopsies, we agreed that a 1-score change in a single category is not enough to be qualified
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as either improvement or deterioration. Table 3 summarizes the evaluation standards agreed

on for the interpretation of score changes between two time points.

Interobserver agreement study

Eleven tissue samples were independently evaluated by three board-certified
pathologists. Fleiss’ K (kappa) values for individual findings are summarized in Table 4. The
interobserver agreement was highest for pericellular fibrosis with a k value of 0.849, followed
by the ductular reaction (k value = 0.776) and fibrosis (k value = 0.744). Three parameters in
the cholestasis category showed slightly lower k values ranging from 0.241 to 0.350
indicating fair agreement. Weaker agreement was also observed for interface hepatitis (k
value = 0.288). Interobserver concordance for the remaining eight microscopic findings was

moderate or higher, with kK values greater than 0.400.

Correlation between histology scores and clinical outcomes

This correlation study was performed using four cases. Some samples were included
in the interobserver agreement study, and the others were separately scored by the same
three pathologists. Pathologists were blinded to which samples belonged to which patients
and to which cases were going to be used for the correlation analysis. As for the two
transplant cases, most categorical scores increased during the period from liver biopsy to
transplantation. Based on the interpretation standard described above (Table 3), evaluations

of all pathologists indicated deterioration of microscopic findings (Supplementary Tables 1
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and 2). One pathologist could not score the overall fibrosis in the liver explants, because
extensive pericellular fibrosis restricted the evaluation of the degree of bridging or septal
fibrosis. At the discussion afterward, we agreed that score 5 (cirrhosis) should be given to
those cases, similarly to alcoholic cirrhosis which often showed widespread pericellular
fibrosis without broad fibrous septa.

For a biopsy case which showed a good clinical response to NaPB therapy,® liver
histological changes in the first 12 months were evaluated as “improved” by two pathologists
and “unchanged” by the other. Microscopic changes in the following 12 months were
evaluated as “unchanged” by two pathologists and “improved” by the other, respectively
(Supplementary Table 3). The last patient showed no obvious response to NaPB therapy in
the first 12 months. Therefore, the regimen was switched to preprandial oral administration,
and beneficial effects of the NaPB therapy were observed.?® The change in the liver histology
of this patient in the first 12 months after the beginning of NaPB therapy was determined as
“deteriorated” by all pathologists, but in the next 12 months it was evaluated as “unchanged”

by two pathologists and “improved” by the other (Supplementary Table 4).

Discussion

Histological scoring systems for some other conditions consist of two categories, one
representing fibrosis, while the other is designed to grade inflammatory activity.?* 2* However,
we propose a more complex system consisting of four categories for BSEP deficiency, in

order to evaluate multiple microscopic findings in a systematic manner, similar to the Ishak
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system for chronic hepatitis.?®> Unlike other chronic liver diseases, in which fibrosis is a major
denominator of disease progression, BSEP deficiency may manifest in fibrosis-poor
refractory jaundice, which meets the criteria of liver transplantation. Furthermore, fibrosis may
already be extensive even in the initial biopsy samples taken in the first several months of life.
The case shown in Supplementary Table 2 showed a fibrosis score of 7-8 at the age of five
months. In those cases, microscopic parameters other than fibrosis are required for the
longitudinal histological evaluation. In addition, multiple categories will also help to determine
which microscopic changes are improved or deteriorated by treatments in future clinical trials.

In this report, we also propose a standard for the evaluation of score changes
between paired tissue samples (Table 3). Although each clinical trial sets up a different
definition for histological improvement, the proposed standard seems to be reasonable and
stringent enough. To determine histological change as “improved” in our scoring system, no
scare increase in any of the four categories is allowed. One might argue that a significant
decrease in fibrosis is essential for histological improvement. However, it may not be
observed during a short period of time. Observational periods vary among clinical trials, and
posttreatment biopsies may be conducted shortly after the treatment is completed. Multiple
categories will also be useful to cover diverse clinical and morphological manifestations
ranging from recurrent cholestasis to rapidly progressing liver injury.?t:26-28

The proposed system is designed for BSEP deficiency, but may also be applicable to
other forms of PFIC, which warrants further studies. Although the pathophysiology differs,

microscopic changes such as cholestasis, lobular injury, portal inflammation, and fibrosis are
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observed in any types.?3! Given that NaPB treatment partially restores the expression levels
of BSEP proteins,'**4 immunostaining for BSEP may also be useful for the assessment of its
efficacy. However, that analysis should be done independently of the results of the histology
scoring system, given that staining patterns of BSEP using immunohistochemistry vary
among patients.?! In some cases, the antibody reacts with functionally defective transporters,
while other cases may show entirely negative staining despite a residual activity of the
transporter. Therefore, staining results do not always correlate with the residual function of
the transporter.

The interobserver agreement study indicated a moderate concordance for most
histological parameters. One might argue that the K values are too low, but the mean and
median values were 0.561 and 0.602, which are higher than those for scoring systems of
primary biliary cholangitis, nonalcoholic steatohepatitis, and biliary intraepithelial neoplasia.®*
34 \We tried to objectively define some microscopic findings such as giant cell change or
swelling of hepatocytes, which might have contributed to the relatively high agreement.
Special staining may also improve the histological evaluation. On Perls’ staining, bile is
demonstrated as greenish granules which are more easily distinguishable from blue-stained
hemosiderin and yellow-brown lipofuscin. Van Gieson staining also stains bilirubin green.
The continuous usage of the proposed criteria will also improve the diagnostic concordance.

We also investigated the correlation between the scoring system and the clinical
outcome using four cases. For the two cases whose clinical features worsened, most

histological parameters indicated deterioration (Supplementary Tables 1 and 2). In the
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remaining two cases,?° clinical improvement by NaPB therapy was associated with an
“improved” or “unchanged” liver histology score (Supplementary Tables 3 and 4). Since the
data are still preliminary, future studies involving more patients will be required in order to
prave the correlation of this scoring system and clinical outcome.

In conclusion, we proposed a histology-based scoring system of BSEP deficiency,
and discussed its potential value as a surrogate marker. This standard showed a moderate
interobserver agreement and a good correlation with clinical outcome. It may be used not
only for monitoring microscopic changes in the clinical practice but also for serving as a

surrogate endpoint in clinical trials.
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Figure 1. Microscopic findings of cholestasis.
cellular cholestasis: bile pigments are observed in the cytoplasm of hepatocytes.
(B) Cholestatic rosettes of hepatocytes and canalicular bile casts.
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Figure 2. Microscopic findings of parenchymal changes.
i ell change of hepatocytes: some enlarged hepatocytes with three or more nuclei
are present. (B) Hepatocyte swelling: several hepatocytes are enlarged with clear cytoplasm.
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Figure 3. Microscopic findings of portal tract changes.
racts are expanded with conspicuous ductular reaction and mild inflammation.

d

Accepte

This article is protected by copyright. All rights reserved.



S

rticle

~
oY

ted

Figure 4. Microscopic findings of fibrosis.
brosis: multiple bridging fibrosis is observed. (B) Pericellular fibrosis: collagen fibers
surround hepatocytes. Both: Masson’s trichrome staining.
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Table 1. A proposed scoring system for the liver histology of patients with BSEP deficiency.
CHOLESTASIS

Hepatocellular cholestasis (score 0-3)
Bile plugs (score 0-3)
Cholestatic rosette of hepatocytes (score 0—-3)
PARENCHYMAL CHANGE
Lobular necroinflammation (score 0-3)
Confluent or submassive necrosis (score 0 or 2)
Giant cell change of hepatocytes (score 0-3)
Hepatocyte swelling (score 0-3)
PORTAL TRACT CHANGE
Portal inflammation (score 0-3)
Interface hepatitis (score 0-3)
Ductular reaction (score 0-3)
FIBROSIS
Fibrosis (score 0-5)

Pericellular fibrosis (score 0-3)
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Table 2. Grading scheme of microscopic findings of the scoring system.

Hepatocellular cholestasis
0 Absent
1 Present in <10% of hepatocytes
2 Present in 210% and <50% of hepatocytes
3 Present in 250% of hepatocytes
Bile plugs*
0 Absent
1 1-10 bile plugs per 10 hpf.
2 11-19 bile plugs per 10 hpf.
3 =20 bile plugs per 10 hpf.
Cholestatic rosette of hepatocytes
0 Absent
1 1-3 rosettes per 10 hpf.
2 4-9 rosettes per 10 hpf.
3 210 rosettes per 10 hpf.
Lobular necroinflammation
0 Absent
1 1 or 2 foci of foal/spotty necrosis or acidophilic bodies per hpf
2 4-5 foci of focal/spotty necrosis or acidophilic bodies per hpf
3 26 foci of focal/spotty necrosis or acidophilic bodies per hpf
Confluent or submassive necrosis
0 Absent
2 Present
Giant cell change of hepatocytest
0 Absent

1 1-3 giant hepatocytes per 10 hpf.
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2 4-9 giant hepatocytes per 10 hpf.

3 210 giant hepatocytes per 10 hpf.
Hepatocyte swellingt

0 Absent

1 Present in <10% of hepatocytes

2 Present in 210% and <50% of hepatocytes

3 Present in 250% of hepatocytes

Portal inflammation

0 Absent

1 Mild

2 Moderate
3 Severe

Interface hepatitis
0 Absent
1 Affecting <10% of interface
2 Affecting 210 and <50% of interface
3 Affecting 250% of interface
Ductular reaction
0 Absent
1 Focal
2 Between 1 and 3
3 Extensive
Fibrosis
0 No fibrosis
1 Periportal fibrosis
2 Elongation of periportal septa but no complete bridging

3 Bridging fibrosis present in <50% of liver tissue
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4

5

Bridging fibrosis present in 250% of liver tissue

Cirrhosis

Pericellular fibrosis

3

Absent
Present in <1/3 of the parenchyma
Present in 21/3 and <2/3 of the parenchyma

Present in 22/3 of the parenchyma

*, bile casts outside hepatocytes to be evaluated; 1, defined as an enlarged hepatocyte with three or

more nuclei; 1, defined as hepatocyte enlargement >2 times larger in diameter than “normal’

hepatocytes; hpf, high power field.
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Table 3. A proposed standard for the interpretation of score changes between two time points.

Interpretation Definition

Improved One-point improvement in two categories with no score increase in the
other two OR two-point improvement in one category with no score
increase in the other three

Deteriorated One-point deterioration in two categories OR two-point deterioration in one
category.
Unchanged Neither of the above.
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Table 4. Results of the interobserver agreement study.

Agreement (%) K value
Hepatocellular cholestasis 33.3 0.241
Bile plugs 42.4 0.346
Cholestatic rosettes of hepatocytes 515 0.350
Lobular necroinflammation 36.4 0.438
Confluent or submassive necrosis 87.9 0.614
Giant cell change of hepatocytes 51.5 0.776
Hepatocyte swelling 36.4 0.602
Portal inflammation 57.6 0.505
Interface hepatitis 54.5 0.288
Ductular reaction 57.6 0.767
Fibrosis 71.0 0.744
Pericellular fibrosis 69.7 0.849
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