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Unusual clinical course

Current treatment options for progressive intrahepatic familial cholestasis type 1 (PFIC-1) comprise ursodeoxy-
cholic acid (UDCA), partial external biliary diversion (PEBD), and liver transplantation (LTx). The role and timing
of LTx in PFIC-1 remains debated. We present 2 case reports of male siblings with PFIC-1 who benefited from
different treatments.

Both siblings harbored a homozygous truncating mutation in ATP8B1 characteristic for PFIC-1 and both under-
went PEBD after unsuccessful UDCA treatment at the age of 7 and 5 months, respectively. The older brother,
after initial improvement of symptoms, developed severe pruritus, cholestasis, and diarrhea 9 months after
PEBD and underwent LTx at the age of 16 months. Chronic diarrhea and abnormal transaminases activity ap-
peared soon after transplantation. A liver biopsy was performed 3 months after LTx and showed severe mac-
rovesicular steatosis (95%). Sixteen months after LTx, total biliary diversion was performed, with rapid relief
from diarrhea and significant regression of graft steatosis by <30%.

In his brother we observed persistent severe pruritus and cholestasis after PEBD, but we decided to postpone
LTx due to lack of a living related donor and risk of graft steatosis. Eight months after PEBD, bilirubin and bile
acids significantly decreased and pruritus disappeared completely. Currently, in 5-year follow-up, liver function
is stable and he has no pruritus.

The good effect of PEBD may be delayed in PFIC-1, even in severe mutation; thus, the decision to perform LTx
should be made cautiously. Total biliary diversion is an efficient procedure in case of persistent symptoms af-
ter LTx and can reverse graft steatosis in children with PFIC-1.
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Background

Progressive familial intrahepatic cholestasis type 1 (PFIC-1) is
an autosomal recessive disorder caused by biallelic pathogen-
ic variants in the ATP8B1 gene encoding FIC1 protein acting as
aminophospholipid flippase, transferring phosphatidylserine
from the external to cytoplasmic membrane leaflet. However,
precise mechanisms of liver injury in PFIC-1 still remain to be
determined [1,2]. Patients typically present with jaundice and
severe pruritus in the first months of life. Unlike PFIC-2, PFIC-
1 is multiorgan disorder due to the broad tissue distribution
of FIC1 expression [1,2]. Extrahepatic symptoms, such as di-
arrhea, pancreatitis, deafness, and poor growth may persist,
develop, or aggravate after liver transplantation (LTx) [3-9].
Moreover, the presence of steatohepatitis progressing to cir-
rhosis and the need for re-transplantation may be observed
after LTx [3-6]. Patients with end-stage liver disease, severe
pruritus, or severe growth retardation are liver transplant can-
didates, whereas partial external or internal diversion (PEBD/
PIBD) or ileal exclusion (IE) should be considered in cases
without cirrhosis [10-16]. Recent advances allowed determi-
nation of the genetic background with varying phenotypical
presentation in the PFIC-1 population. We present 2 case re-
ports of male siblings with genetically confirmed PFIC-1 who
underwent PEBD with different outcomes. Both patients har-
bored the extremely rare 2097+2T>C homozygous mutation
in ATP8B1. Parental informed consent was obtained before all
performed diagnostic tests and data collection.

Case Reports

Case 1

A 6-week-old boy was admitted to our hospital after an episode
of prolonged subcutaneous bleeding after vaccination. He was
born at term with weight of 2920 g, of healthy, unrelated par-
ents. It was a second pregnancy after previous miscarriage at
the 6" week of pregnancy. There was no family history of liver
disease. At admission, the patient was jaundiced with subcu-
taneous hematoma at the site of vaccination. Spleen and liv-
er were not enlarged and stools were yellow. Laboratory tests
showed severe coagulopathy (INR was undetectable) and cho-
lestasis with normal GGTP (Table 1). Vitamin K and blood plas-
ma were transfused; UDCA (20 mg/kg/day) and vitamin sup-
plementation (A, D, E, K) were started. After excluding other
causes of cholestasis, PFIC-1 was confirmed genetically. Within
the next months, the patient presented with poor growth and
developed severe pruritus with rapid increase of serum biliru-
bin and bile acids. At the age of 7 months, partial external bil-
iary diversion (PEBD) was performed. The liver biopsy showed
changes consistent with PFIC1, with bland cholestasis, hepato-
cytic rosette formation around bile plugs, fibrosis, and normal
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bile ducts without ductular proliferation. After the initial dis-
appearance of pruritus and normalization of serum bile ac-
ids, the cholestasis aggravated, and at the age of 16 months
(8 months after PEBD), the patient underwent living related
liver transplantation from his mother. Concurrently, the exter-
nal stoma was removed. No surgical complications occurred in
the post-transplant period, and standard immunosuppression
with tacrolimus and mycofenolate mofetil (MMF) was started.
Severe chronic diarrhea (5-7 liquid stools per day) appeared 1
month after transplantation. Repeated stool cultures and par-
asite examination were negative and there was no response
to cholestyramine and MMF discontinuation (prednisone was
introduced). Three months after LTx, due to abnormal trans-
aminases activity, a liver biopsy was performed, which showed
diffuse macrovesicular steatosis (95%) with no other changes
(Figure 1A). Due to unremitting diarrhea and growth retarda-
tion 16 months after transplantation, total external biliary di-
version (EBD) was performed a with previously described tech-
nique [8]. The distal part of the Roux loop was disconnected
from the bowel tract and opened as a terminal jejunostomy.
Liver biopsy at the time of EBD showed severe steatosis and
moderate fibrosis (Figure 1B). After the surgery, rapid relief
from diarrhea was observed and follow-up liver biopsies showed
significant regression of steatosis and fibrosis (Figure 1C, 1D).

Five years after LTx, the patient has no diarrhea and his weight
is between the 25 and 50t percentiles and his height is be-
tween the 10™ and 25 percentiles. A clinical summary is pre-
sented in Table 1.

Case 2

The younger brother who was born at term after uncomplicat-
ed pregnancy developed cholestasis within the first 4 weeks af-
ter birth. Treatment with UDCA (20 mg/kg/day) was ineffective
and during the next months the patient developed severe pru-
ritus and coagulopathy (Table 2). PEBD was performed at the
age of 5 months. Microscopic examination of the liver biopsy
specimen revealed distortion of the normal architecture with
severe fibrosis, giant cell transformation of the liver cells with-
out steatosis, severe cholestasis, and rosette formation around
the bile plugs, with non-specific mild inflammation. After ini-
tial transient improvement, the pruritus recurred and choles-
tatic parameters increased. Due to the lack of a living donor
and stable liver function parameters, we decided to postpone
the transplant decision. Meanwhile, the patient remained on
UDCA and vitamin supplementation (A, D, E, K). Eight months
after PEBD, bilirubin rapidly decreased to 2 mg/d|, bile acids
concentration changed to 65 ng/ml, and pruritus disappeared
completely. Afterwards, complete normalization of cholestat-
ic parameters was observed. Currently, after 4-year follow-
up, the patient presents with normal lab test results, itching
occasionally (only when infected or tired), and growing well.
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Table 1. Patient 1. ATP8B1 NM_005603.4: C.2097+2T>C.

6 weeks 4 months 7 months
of age of age of age

Weight (kg) 4.5 5.6 6.67

[percentile] [10-25c] [3c] [<3c]
© Height(m) 57 59 62

[percentile] [25c] [<3c] [«3c]
Diarthea - - _
Cpritus - o b
B (mgd) 884 182 1489
DB (mgrd) 384 158 1263 PEBD
BA(mmo) 945 278 395
CaTeny 2 PR s
CasTomy 57 0 126
CeePUm) 7 3 9
 Abumin @) 377 ND 372
R N 134 141

3 months after 6 months
LTx after LTx

Weight (kg) 9.5 9.5

[percentile] [3-10c] [<3c]
 Height(m) 78 80
| [peceiilc] (el IS

Diarrhea ++++ +++++
it - -
B (mgid) o3 o3
DB (mg/d) mx 018 016
CBAGmmo) s 7
I 135 175
ATy e 43
CeeUm) 64 o7
CAbumin@) 379 326
N 17 113

7 days after 1 month 3 months 6 months 8 months
PEBD after PEBD after PEBD after PEBD after PEBD
6.77 6.8 7.8 9.1 9.3
[<3c] [<3c] [3-10c] [25c] [10-25c]

e e 713 14 715
[<3c] [<3c] [25-50c] [10c] [3-10c]

"""" - e

"""" 547 087 1091 1029 1084

"""" 504 ND 982 941 989

"""" %1 7 19 1895 902

w0 a7 o

s w7 8 2

s 1w 15 16 16

"""" NO ND 416 403 319

"""" 13 ND 103 092 098

4 months 7 months > yei;sxafter
13.7 14.4 21
[25¢] [25-50c] [25-50c]
"""""" o1 92 1142
,,,,,,,,,, Bd . Bd [025d
Relief from diarrhoea
o713 oet o088
0 031 029 041
a2 34 32
"""""" s 70 57
"""""" oo s 8
"""""" 2 1 15
a1 39 388
""""" 131 e 126

Albumin: N 38-54 g/l; ALT: N <60 U/l; AST: N <84 U/l; BA: N <10 umol/; DSB: N <0.5 mg/dl; GGTP: N <200 U/I (till 3 months);

INR: N 0.8-1.2; TSB: N <1.0/dl; * according Whitington [14].
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Figure 1. Liver biopsies after LTx — Case 1. (A) Mixed macro- and microvesicular steatosis (95%) and portal tract without fibrosis,

without ductular proliferation (H&E staining). (B) Mixed macro- and microvesicular steatosis (70%), portal and peripor-
tal fibrosis without ductular proliferation (Azan staining). (C) Mixed macro- and microvesicular steatosis (40%), portal
tract without fibrosis, without ductular proliferation, mild inflammatory infiltrates (H&E staining). (D) Mixed macro-
and microvesicular steatosis (30%), fibrous septa, and mild inflammatory filtrates (H&E staining).

Discussion

We presented 2 case reports of male siblings, sharing the same
homozygous mutation in ATP8B1, who underwent different
treatment. One patient unexpectedly improved after initial fail-
ure of PEBD and avoided liver transplantation. The other de-
veloped recurrence of symptoms after LTx successfully treated
with EBD. These observations shed new light on the disease
course in homozygous, possibly protein-truncating, mutations,
which are thought to result in severe phenotype and progres-
sive liver injury. Also, it may suggest phenotypic differences
between individuals sharing the same genetic background.

PFIC-1 is an inherited disorder leading to progressive liver
damage, severe pruritus, and diarrhea, significantly influenc-
ing survival and quality of life [1,2]. Current medical treatment
options are limited to administration of ursodeoxycholic acid,
nutrition support with fat-soluble vitamin supplementation,
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and anti-pruritus agents of varying effectiveness, like rifam-
picin, cholestyramine or ondansetron [1,2,10-17]. Moreover,
neither of the above seems to affect the primary disease pro-
cess. Over the last decades, surgical techniques causing dis-
ruption of the enterohepatic circulation have been employed
and they remain the mainstay of primary treatment in PFIC.
They include partial or total external biliary diversion, inter-
nal biliary diversion, and liver transplantation [6-16,18-19].

Unlike in PFIC-2, LTx has significant limitations in PFIC-1 in
which extrahepatic features like diarrhea, failure to thrive,
or pancreas dysfunction can aggravate after transplantation.
Moreover, patients often develop graft steatosis or steatohep-
atitis possibly progressing to cirrhosis with need of re-trans-
plantation [3,5-10]. One of the possible responsible mecha-
nisms could be decompensation of malfunctioning ATP8B1
gene product after restoration of normal biliary secretion and
intestinal bile flow, leading to the development of refractory
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Table 2. Patient 2. ATP8B1 NM_005603.4: C.2097+2T>C.

1 month of Before 4 months 6 months 8 months 1 year 3.5 years
age PEBD after after after after after
g 43:) PEBD PEBD PEBD PEBD
Weight (kg) 4.49 6.0 6.6 7.14 7.32 8.5 8.9 11.2 16.5
[percentile] [50c] [10c] [3-10c] [3c] [3c] [3-10c] [3-10c] [25-50c]  [50-75c]
Height (cm) 55 [50¢] 64 65 70 72 72 78 79 97
[percentile] [50c] [10c] [10-25¢] [10c] [3c] [10c] [<3c] [3-10c]
Pruritus (*) = +H++ +/—- +H++ +H++ ++ + - -
TB (mg/dl) 13.74 31.5 18.59 26.2 26.3 2.07 1.8 0.63 0.5
DB (mg/dl) 6.68 27.4 14.54 24.2 25.8 1.87 1.6 0.46 =
""""""""""""""""""""""""""""""" PEBD
BA (mmol/l) 143 428.5 = 145 332 65.9 58.7 8.1 7.2
ALT (U/1) 70 61 35 34 28 23 20 35 30
AST (U/L) 204 172 107 929 85 51 52 57 53
GGTP (U/1) 56 28 40 31 30 17 19 18 18
Albumin (g/l) 37.4 38 ND ND 36.4 40.6 39.6 ND 40.4
INR 1.03 2.88 1.22 1.2 1.36 1.21 1.26 1.19 1.09

Albumin: N 38-54 g/l; ALT: N <60 U/l; AST: N <84 U/l; BA: N <10 umol/;, DSB: N <0.5 mg/dl; GGTP: N <200 U/! (till 3 months);
INR: N 0.8-1.2; TSB: N <1,0 mg/dl; * according Whitington [14].

Table 3. Rescue procedure in PFIC 1 patients with diarrhea/steatosis after LTx.

Nl:lmber of First Age at Numbe.r of pts Second
patients after with Follow-up
Tx procedure LT steatosis procedure
Miyagawa-Hayashino 11 LDLTx and 1-18 years, 8 1 pts transitional Improvement during
A. [6] Roux-en-Y median 4 biliary diversion procedure (diarrhea
anastomosis years (due to bile disappeared) but
leakage) returned after biliary
reconstruction
Usui M. [7] 1 LDLTx 1 1 Re-transplantation 10 months — without
(4 y after first diarrhea
surgery) with
EBD
Nicastro E. 1 LDLTx and 3.years 1 EBD 28 months 6 months: — diarrhea
[8] Roux-en-Y after LDLTx disappeared and liver
anastomosis biopsy — improvement

of steatosis

Alrabadi L.S. 2 Cadaveric whole 26 m 2 EBD 38 months 6 months: resolution of
[9] LTx with a post-LTx macrovesicular steatosis
Roux-en- (biopsy); improvement
Y -choledocho- in diarrhea
jejunostomy
cadaveric 7y EBD 39 months 6 months: diarrhea
donor LTx post-LTx improved, biopsy

showed rare
macrovesicular steatosis

EBD — external biliary diversion; LDLTx — living donor liver transplantation; LTx — liver transplantation.
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diarrhea and graft steatosis [6,8,10,17]. The steatosis seen af-
ter LTx in FIC1 deficiency could be a manifestation of altered
signalling in the gut-liver axis and microbiota aberrations, al-
though clear mechanisms remain unknown. Interestingly, post-
transplant steatosis is usually associated with chronic refrac-
tory diarrhea, and ATP8B1 mutations appear to affect sites of
more functional importance in patients with post-transplant
steatosis, which suggests greater protein dysfunction at sites
of secretion and absorption in the body, including the intes-
tine and pancreas [6].

Medical symptomatic treatment options for protracted di-
arrhea are limited. Some authors described a good effect of
bile adsorptive resin therapy, but that was not satisfactory in
our patients [4,17]. Several subsequent reports showed out-
standing outcomes of post-transplant biliary diversion, with
relief of diarrhea and regression of liver steatosis (Table 3).
Some authors described good results of internal biliary diver-
sion used preemptively at the time of LT as a stoma-free pro-
cedure to prevent postoperative graft steatosis or as a next
step after PEBD [9,18].

Bull et al analyzed 42 PFIC-1 patients, and reported no differ-
ence in the frequency of clinically important poor outcomes
of PEBD between FIC1 and BSEP patients, but found a great-
er proportion of BSEP-other compared to FIC1 patients who
progressed to cirrhosis [10].

Squires et al [19] reported 8 patients with PFIC after PEBD and
follow-up after 32 months on average (range, 15-65 months).
They observed that total bilirubin levels dropped below 2 mg/
dL in all patients by 8 months after PEBD (itching improved
after PEBD within 3 months in all patients). Despite observed
overall clinical improvement after PEBD, the authors reported
recurrent transient episodes of cholestasis, often in combina-
tion with both worsening pruritus and declining vitamin levels.

Our patients harbored the homozygous state of a very rare mu-
tation (2097+2T>C) causing in-frame deletion and subsequent
protein truncation. Only 1 case was previously reported with
the same mutation, who received cadaveric liver transplant at
5.5 years, followed by diarrhea exacerbation requiring paren-
teral nutrition, appearance of liver steatosis and no catch-up
of stature growth [5] Diarrhea control was gained with cho-
lestyramine. Ten years after LTx, there is persistent graft ste-
atosis, slight lobular fibrosis, and portal fibrosis. Heterozygous
variants of this mutation were reported twice previously and
tend to have milder phenotype not leading to liver transplan-
tation [1,19].
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The delayed and sustained effect of PEBD observed in our pa-
tient with PFIC-1 is unclear. One of the possible explanations
may be some interplay among overall bile acid pool, FXR ex-
pression, function of ASBT (apical sodium-dependent bile acid
transporter), and microbiota alterations. Hypothetically, cho-
lestasis develops presumably because of both enhanced ileal
uptake of bile salts via upregulation of the apical sodium-de-
pendent bile acid transporter and diminished canalicular se-
cretion of bile salts secondary to downregulation of the bile
salt excretory pump [2,20]. How biliary diversion affects these
pathways could be a key to development of targeted medi-
cal treatment.

Our findings should be interpreted with caution due to some

methodological limitations resulting mainly from retrospec-
tive chart review.

Conclusions

In conclusion, a good effect of PEBD may occur with delay in
PFIC-1, even in severe mutations; thus, the decision to per-
form LTx should be made cautiously. Post-transplant diarrhea
and graft steatosis are reversible by biliary diversion. A com-
bination of concurrent LTx and biliary diversion may be con-
sidered individually in PFIC-1 patients.
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Abbreviations

PFIC- 1 - progressive intrahepatic familial cholestasis type 1;
UDCA - ursodeoxycholic acid; PEBD — partial external bili-
ary diversion; LTx — liver transplantation; PIBD — partial in-
ternal biliary diversion; IE —ileal exclusion; INR — internation-
al normalized ratio; GGTP — gamma glutamyl transpeptidase;
MMF — mycophenolic acid; EBD - external biliary diversion;
ALT - alanine aminotransferase; AST — aspartate aminotrans-
ferase; BA — bile acids; DSB — direct serum bilirubin; LDLT - liv-
ing donor liver transplantation; N — normal value; ND — not
determined; TIBD — total internal biliary diversion; TSB - to-
tal serum bilirubin.
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