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junction (Fig, 2a), The PV was dissected from
the posterior of the pancreas toward the liver
and was easily pulled out through the dorsal side
of the pancreas in a safe manner (Fig, 2b). The
PVTT was completely thrombectomized by this
“pullout™ technique; intra-operative histology of
the PVTT revealed no viable tumor cells within
the excised specimens and the surgical margin of
the PV. Subsequently, the PV was returned to its
~original position without using an interposed
vein graft. PV anastomosis was accomplished at
the confluence of the recipient PV and the left PV
" of the graft.

Pathological examination of the explanted
liver showed a multicentric tumor with PVTT
extending to the bilateral branches of the PV and
the main trunk. About 35% of the whole tumor
revealed necrotic changes, while viable tumor
was composed of fetal and embryonic mixed-
type HBL. The excised thrombus in the main

Fig. 2, (&) The SMV and the SpV were isolated and each
taped with vessel loops. (b) The technical highlights showed
the PV being drawn from superior to inferior border of the
pancreus.
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portal trunk measured 22 x2 % 2'mm with no
viable tumor cells.

Tacrolimus and low-dose steroids were used
for immunosuppression. The patient managed to
wean off the steroids over three months (9).

After surgery, AFP levels decreased signifi-
cantly. On postoperative day 13, the patient had
mild acute cellular rejection, but was successfully
treated with bolus adminisiration of steroids.
The patient was discharged 30 days after LDLT,
Adjuvant chemotherapy with C5V commenced
40 days after LDLT. The patient remained in
good health 2.5 yr after LDLT with normal AFP
levels (5.6 ng/mL), good patency of the PV, and
no evidence of recurrence of tumor.

Discussion

The guidelines for early consultation with a
transplant surgeon to perform primary fiver
transplantation to treat unresectable HRBL
include: (1) HBL having characteristics of multi-
focal PRETEXT IV without extrahepatic lesion,
(3) unifocal centrally located PRETEXT I and
HT involving the three main hilar structures, or
(2) all three of the main hepatic veins and POST-

TEXT 1 with macroscopic vascular invasion

(5). In our case, the HBL invaded bilateral portal
branches with tumor thrombosis in the main por-
tal trunk. While neoadjuvant chemotherapy suc-
ceeded in shrinking the size of the PVTT, it
persisted in the main portal trunk and extended
into the SMV-SpV junction. In the event that
chemotherapy is effective, PVTT can become
atrophic and mostly replace blood clots. When
the risk of residual malignant cells in the PVTT
is ruled out, the operative management of PVTT
in patients undergoing liver transplantation
would be dependent on the extent of PVT and
the method of portal reconstruction according
Yerdel’s classification (Grade 1-4) (10). Tt has
been reported previously that no special tech-
nique is required for the reconstruction of the PV
in Grade [ cases. PVT classified as Grade | is
defined as minimally or partially thrombosed
PV, in which the thrombus is mild or at most
confined to <50% of the vessel lumen, with or
without minimal extension into the SMV. Hence,
only thrombectomy with cramping PV on the
SMV-SpV junction is usually required. In our
case, the PVTT decreased in size after necadju-
vant chemotherapy. It was classified as Grade 1
as it was confined to <50% of the vessel lumen.
Although neoadjuvant chemotherapy has been
reported to reduce AFP level and allowed nega-
tive FDG-PET uptake into PVTT, our patient
required complete thrombectomy due to the
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potential risk of residual malignancy in the PVT.
However, we decided against using total replace-
ment with interposition vein graft as a first-line
procedure because the PVTT went through a
dramatic atrophic change after chemotherapy.
Instead, the PV was clamped at the SMV-SpV
junction. There were two reasons to our judg-
ment. There was a risk of residual malignancy
due to the cramp nipping at the edge of the
PVTT. Hence, the SMV and the SpV were
clamped separately at a distal site from the junc-
tion. We adopted a “pullout” technique to
achieve good operative and visual field for com-
plete thrombectomy. Even in such a case, a set of
the procedures were performed safely in good
operative field acquired by pullout techniques. In
the event that malignant cells were present on the
margin of the PV through the intra-operative
rapid diagnosis, portal reconstruction using
interposition vein- graft may be performed as a
second-line procedure.

The other reason was that our patient devel-
oped collateral vessels, which resulted in cavern-
ous transformation in the hepatoduodenal
ligament. We had to_retain the collateral vessels
in order to avoid iniestinal congestion until
PVTT was resected and the native liver removed.
There was a high risk of bleeding when
" approaching the PVTT [rom the side of hepa-
toduodenal ligament that contained the dis-
tended collateral vessels.

In view of the factors, the “pullout” technique
was very useful in resecting the PVTT com-
pletely. Furthermore, this technique can be conm-
bined with a portal reconstruction using
interposition vein graft when the PV is sclerotic
and had undergone atrophic change in recipients;
for example, in paticnts with biliary afresia,
direct anastomosis of PV cannot be performed
due to an-insufficient front flow because of some
collateral vessels derived from the main PV. We
have applied the “pullout” technique in such
cases and achieved positive outcome (11).

In conclusion, our patient underwent LDLT
for HBL with PVTT that extended to the SMV-
SpV junction. The “pullout” tcchniquc allowed a
good operative field 1o perform compkte
thrombectomy safely.
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Basiliximab treatment for steroid-resistant
rejection in pediatric patients following liver
transplantation for acute liver failure
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Basiliximab treatment for steroid-resistant rejection in pediatric
patients following liver transplantation for acute liver failure. Pediatr
Transplant, 18: 860-867. DOT: 10.1111/petr.12373.

Abstract: An IL-2 receptor antagonist, basiliximab, decreases the
frequency of ACR in liver transplant (L'T) recipients as induction
therapy. The aim of this study was to evaluate the effectiveness of
basiliximab against SRR as rescue therapy in pediatric LT patients with
ALF. Forty pediatric ALF patients underwent LT between November
2005 and July 2013. Among them, seven paticnts suffering from SRR
were enrolled in this study. The median age at LT was 10 months

(6~12 months). SRR was defined as the occurrence of refractory
rejection after more than two courses of steroid pulse therapy.
Basiliximab was administered to all patients. The withdrawal of steroids
without deterioration of the liver function was achieved in six patients
treated with basiliximab therapy without patient mortality, although
one patient developed graft loss and required retransplantation for
veno-occlusive disease. The pathological examinations of liver biopsies
in the patients suffering from SRR revealed severe centrilobular injuries,
particularly fibrosis within one month after LT. We demoustrated the
effectiveness and safety of rescue therapy consisting of basiliximab for
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SRR in pediatric LT recipients with ALF.

-Calcineurin inhibitors, such as TAC and cyclo-
sporine, combined with steroids are standard ISs,
and their use has reduced the frequency of ACR,
following LT (1). ACR frequently occurs in pedi-

atric LT patients, at a previously reported rate of

41-55% (2, 3). Steroid therapy remains the main-
stay of the initial management of acute rejection,
coupled with an increase in baseline immunosup-
pression (4). Although steroid pulse therapy is
the first therapeutic option for treating ACR,

Abbreviations: ACR, acute cellular rejection; ALF, acute
liver failure; ALT, alanine aminotransferase; AST, asparate
aminotransferase; BW, body weight; CMV, cytomegalovi-
rus; EBV, Epstein—Barr virus; IL, interleukin; IS, immuno-
suppressant; LDLT, living donor liver transplantation; LT,
liver transplantation; MMF, mycoplienolate mofetil; mPSL,
methylprednisolone; PCP, Preumocystis pneumonia; POD,
postoperative day; RAI, rejection activity index; SRL, sirol-
imus; SRR, steroid-resistant rejection; TAC, tacrolimus;
Treg, CD4™ CD25"8" CD127°/"E regulatory T.
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SRR occurs in 8.1-34% of LT recipients, which
results in graft and patient loss (3, 5, 6). The
administration of additional 1Ss, such as MMF,
SRL, and antithymocyte globulin, has previously
been reported as rescue therapy for SRR (7-9).
The efficacy of antithymocyte globulin in treating
SRR is largely attributed to its ability to deplete

T cells (4). The successful use of antilymphocyte

therapy for pediatric patients suffering from
SRR and late ACR with cholestasis was reported
(10). Although antithymocyte globulin is effec-
tive for SRR, sepsis remains a significant compli-
cation (7). While SRR was previously an
immediate indication for potent antilymphocyte
preparations, this is now effectively treated with
chimeric or humanized IL-2 receptor monoclonal
antibodies (4). ‘
Basiliximab (Simulect™; Novartis Pharma,
Basel, Switzerland), a chimeric monoclonal anti-
body that blocks the a-subunit (CD25) of the

IL-2 receptor in association with activated T
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helper cells, is usually used as induction therapy
in LT (11). The use of basiliximab contributes to
reducing the incidence of ACR and allows the
dose of calcineurin inhibitors and corticosteroids
to be decreased following pediatric LT, with a
low incidence of side effects (4, 12-14). However,
basiliximab did not affect the long-term patient
or graft survival after LT (15). Few studies have
veported the use of basiliximab for SRR as rescue
therapy (16, 17).

ALF is a rare and fatal disease with a high
mortality rate in children (18). The outcomes of
LT in patients with cryptogenic ALF are poor in
comparison with patients with cholestatic dis-
ease, particularly in infants (19-22). The out-
comes of pediatric LT for ALF have improved
recently, and the patient and graft survival rates
- at one yr were 71-93.4% and 64-88%, respec-
tively (23-26). The main cause of death was
reported to be sepsis, and the incidence of ACR
was 36.7-39.4%. On the other hand, certain data
also snggest that the patient survival rate among
infants with ALF following LT was only 40% at
one yr due to the high incidence of SRR (19-22)..
1t has been reported that SRR accounts for 50%
of the deaths in children who have undergone LT
for ALF. Moreover, it has been speculated that
the long-lasting. unknown origin of ALF may
cause an accelerated immune response in chil-
dren even after successful LT (19). Therefore,
reducing the frequency of SRR is key for improv-
ing the short- and long-term survival among
pediatric patients with ALF. '

The aim of this study was to evaluate the effec-
tiveness of basiliximab against SRR as rescue
therapy in pediatric patients with ALF who have

‘undergone LT. - .

Patients and methods

Forty pediatric ALF patients underwent LT between
November 2005 and July 2013 at the National Cenuter for
Child Health and Development. During the same period,
195 pediatric patients with non-ALF liver diseases under-
went L'T. The original diseases in the non-ALF group con-
sisted of biliary atresia in 106, metabolic disease in 45,
congenital hepatic fibrosis/Caroli disease in 14, and other
diseases in 30 cases. The median age at LT in the ALF
group and non-ALF group was 10 months (17 days-12 yr
four months) and 16 months  (two months-17 yr
11 months) and the median BW was 8.2 kg (2.6-32 kg) and
9.4 kg (3.7-63.8 kg), - respectively. Among them, seven
patients in ALF group who were diagnosed with SRR were
enrolled in this study.

Basic immunosuppression protoco! at our hospital and the
diagnosis of ACR :

Basic immunosuppressive treatment after LT consisted of
TAC and low-dose steroids. Briefly, the trough level of

Basiliximab for SRR in PLT with ALF

TAC was maintained between 10 and 12 ng/mL for the
first month and between 8 and 10 ng/mL for the subse-
quent three months, mPSL was administered at a dose of
| mg/kg from POD 1-3, 0.5 mg/kg from POD 4-6 and
0.3 mg/kg on POD 7. Prednisolone was given orally at a
dose of 0.3 mg/kg from POD 8-28 and 0.1 mg/kg after
POD 29. In the patients with ALF, which has previously
been reported to be associated with a higher incidence of
ACR, the treatment with prednisolone was continued for
longer than six months after LT until the liver function
became stable (20). .

The indication for a liver biopsy was based on the pres-
ence: of increased AST {normal range: 24-50 IU/L) and
ALT (normal range: 9-34 TU/L) levels more than three
times the upper limit of the normal range or an increase of
more than 50% over the previous record. The histological
diagnosis and grading of ACR were determined according
to the Banff schema (27, 28). The grade of centrilobular
fibrosis was classified as follows: F0: absence of fibrosis, Fl:
fibrous central vein expansion, F2: central vein fibrosis with
incomplete septa, F3: C-C bridging fibrosis, and F4; cirrho-

. sis (29). The presence of venc-occlusive disease was assessed

by liver biopsy in all patients. The patency of hepatic ves-
sels, including outflow blockage of the hepatic vein, was
routinely investigated after LT using Doppler ultrasonogra-
phy. ‘

Management of ACR

All rejection episodes were treated with a color steroid bolus
injection, generally given at a dose of 10 mg/kg of mPSL
for three days. SRR was defined as the occurrence of refrac-
tory rejection after two cycles of steroid pulse therapy, The
use of basiliximab and antithymoglobulin for liver trans-
plant patients is not still covered by the universal health
insurance system in Japan because they are currently unau-
thorized drugs. In this study, basiliximab treatment was
indicated for patients suffering from SRR, because infec-
tions remain a significant complication of antithymoglobu-
lin therapy (7). Basiliximab, which was administered at a

dose of 10 mg twice on days 0 and 4, was adopted as rescue

therapy in the SRR patients.

Characteristics of the SRR group before basiliximab therapy

Characteristics of the SRR group are presented in Table 1.
The age and BW in SRR group were 6-12 months (median
10 months) and 7.6-9.6 kg (median 8 kg), respectively.
Multiple cycles of steroid pulse therapy, ranging from two
to 17 cycles, were performed, Cases 3 and 4 underwent more
than 10 cycles of steroid pulse therapy because they fre-
quently suffered from ACR before the introduction of basil-
iximab therapy for SRR at our hospital. Additional 1S,
such as MMF and SRL, were indicated in five patients
(MMF in two, SRL in one, and both of them in two
patients).  Basiliximab  was administered_ _ begmmng
18-762 days after LT. A second dose of basiliximab was
given to all but three patients, who did not receive the subse-
quent dose due to CMYV infection (Cases | and 6) and graft
failure (Case 5).

Management of opportunistic infections after 7
The treatment for CMV infection was preemptively per-

formed at our institute, which was dcscrib@d elsewhere (30). -
Bricfly, CMV-pp65 antigenemia was monitored weekly for

861
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Table 1. Characteristics of the recipients with SRR

* No. of steroid IS used for the

Age at basiliximab

Timing of

Case Age at LT pulse treatments treatment of SRR therapy basiliximab after LT Dose of basiliximab
1 6 months 3 TAC, mPSL 2 yr 2 months POD 44 10 mg

2 7 months 3 TAC, mPSL, SRL 2 yr 10 months POD 29/38 10 mg/10 mg

3 8 months 12 TAC, mPSL, MIMF, SRL 2yr2m POD 762/771 10 mg/10 mg

4 10 months 17 TAC, mPSL, MMF, SRL 2 yr 10 months POD 524/528 10 mg/10 mg

5 10 months 5 TAC, mPSL, MMF 1yr7 months PQD 262 10 mg

6 10 months 3 TAC, mPSL 10 months POD 18 10 mg

7 12 months i TAC, mPSL, MMF 12 months POD 42, 46 10 mg/10 mg

the first three months after LDLT, during treatment for
ACR or when the patients presented with symptoms and
laboratory data suspected to indicate CMV infection, If the
-presence of more than five CMV antigen-positive cells/
50 000 white blood cells was revealed, intravenous ganciclo-
vir (5 mg/kg/dose, every 12 h) was initiated for the first
two wk, followed by a maintenance dose of intravenous
ganciclovir (5 mg/kg/dose, every 24 h) until the CMV-pp65
antigenemia became negative. ’

The EBY management protocol after LDLT at our insti-
tute was described elsewhere (31). Briefly, the EBV viral

" loads in the peripheral blood were detected using a real-time
quantitative polymerase chain reaction method and were
monitored once per week for the first two months after
LDLT, followed by every 1-3 months, If the symptoms and
laboratory data suggested EBV infection or there were high
values of EBV-PCR (more than 107 copies/ug DNA),
immunosuppression was withdrawn.

Preventive therapy for PCP was administered accord-
ing to the prophylactic use of trimethoprim-sulfamethox-
azole (0.05 mgfkg/day) for the first three months after
LDLT.

Monitoring of the CD4* CD25" T cells and regulatory T calls
before and after basiliximab therapy

Monitoring of peripheral CD4™ CD25" T.cells and Treg
cells was performed in the patients receiving basiliximab
therapy for SRR (n = 6, Cases 1, 2, 4-7). Peripheral blood
samples obtained from the patients and healthy controls
were subject to Ficoll-Hypaque density gradient centrifuga-
tion to isolate the peripheral blood mononuclear cells.
Peripheral blood lymphocyte subsets were determined with
a FACSAuria I1Tu instrument (Becton Dickinson, Mountain
View, CA, USA) using anti-human CD4, CD127, and
CD25 monoclonal antibodies conjugated with fluorescein
isothiocyanate, phycoerythrin, or allophycocyanin (BioLeg-
end, San Diego, CA, USA), respectively. The FlowJo soft-
ware program (TreeStar Inc., Ashland, OR, USA) was used
for all aspects of the data analyses. The levels of CD4™
CD25™ T cells were monitored to assess the effects of basil-
iximab, and the levels of Treg cells were monitored because
human Treg cells have been demonstrated to have great
potential for use in therapeutic interventions to prevent
graft rejection (32). Blood samples were obtained before
and one wk after the administration of basiliximab therapy.
The data of healthy children of similar age were collected as
healthy controls (n = 7; male: 4, female: 3, five months—
three yr three months, median: one yr seven months),
Informed consent was obtained from all patients, healthy
children, and their parents.
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Statistic analysis

The statistical analysis was performed using the Kruskal-
Wallis test for the analysis of the median age and BW,
and the Tukey test for the analysis-of the flow cytometry
data. Proportions were compared using the chi-square
test. p-Values of <0.05 were considered to be significant.
Patient survival and graft survival were evaluated accord-
ing to the Kaplan-Meier method and compared using the
log-rank test. The software program SPSS version 18.0
(SPSS, Ine., Chicago, 1L, USA) was used for the statisti-
cal analysis.

Results

Comparison of the characteristics of the ALF group and non-
ALF group

Biopsy-proven ACR developed in 24 (60%) and
75 patients (38.5%), respectively, in the ALF and
non-ALF groups (p = 0.014). Moreover, SRR
was revealed in seven (17.5%) and five patients
(2.6%) in the ALF group and non-ALF group,
respectively (p = 0.001). The overall survival of
the 40 patients with ALF at one and five yr was
lower than that of the non-ALF group
(84.8% and 84.8% vs. 92.1% and 91.4%, respec-
tively), but the differences were not significant
(p = 0.23).

Comparison of the characteristics of the non-ALF group, ALF
group, and SRR group among the ALF patients

The median age at LT in the non-ACR group
was higher than that in the other group, but the
difference was not significant (p = 0.427). All of
the cases in the ACR and SRR groups received
grafts from live donors rather than deceased

" domnors (p = 0.036). The etiology of ALF was

unknown in all patients in the SRR group
(p = 0.215) (Table 2).

The outcomes of ALF patients suffering from SRR

No patients have died as a result of SRR or
chronic rejection thus far, The basiliximab treat-
ment outcomes for SRR are shown in Table 3.
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Table 2. The démograﬁhics of the non-ACR, ACR, and SRR groups of pediatric ALF patients after LT

non-ACR

ACR

SRR ‘ "

n 16
Age at LT (madian)

17

7

17 days—12 vt 1 months—4 yr 4 months B months-12 months 0.427
4 months {1 yr 3 months) {9 months) {10 months)
BW at LT {kg [median)) 26-32(8.1) 3.5-17 [8.6) 7.6-8.5:(8} 0.669
Gender male/female 8/8 12/5 5/2 0.411
Living danor {n [%]} 13(76.5) 17 (100} 7(100) 0.038
ABC-incompatible {n [%)) 4(28) 5(29.4 1{14,3) 0.739
Etiologles {n {%]))
Unknown 11(68.8) 14 (B2.4) 7 {100} 0.215
Others 5(313) 30177 0{0)
EBV 2{12.5) 1{5.9)
CMV 1{6.3)
HSV 1 1{5.8)
Echovirus 3 1(6.9)
MDS 1{6.3) -
Hemochromatosis 1{6.3)
HSV, herpes simplex virus; MDS, mitachondria DNA depletion syndrome,
Table 3. The autcomes of basitiximab therapy in the SRR patients
The interval between ACR after Follow-up
Case  treatment and discharge (days)  basiliximab ~ CMV ~ EBV  Otherinfection  Outcome {manths) Present IS
i 18 + + — Alive 27 TAC
2 90 + + - Pneumocystis Alive 24 PSL, SRL
. pneumania
3 40 - + - Alive 47 TAG
4 23 - + - Alive 5t TAC
5 223 ’ + + + Graft loss, retransplant 18 TAC, PSL, MMF, SRL
{POM 8}, Alive
6 4 - + + Alive 15 TAC, PSL
7 28 - + + Alive 2 TAC, PSL, MMF

POM, postoparative months.

All patients survived, although one patient (Case
5) required retransplantation due to graft failure.
The histopathological findings of his explanted
graft revealed severe centrilobular rejection,
including severe necrosis of zone 3, accompanied
by suspected veno-occlusive disease. Veno-occlu-
sive disease was not present in the other patients.
Three patients (Cases 1, 3, and 4) could discon-
tinue steroids after basiliximab therapy. Two
patients (Cases 2 and 6) remained on predniso-
lone for more than two yr and one yr after basil-
iximab therapy, respectively. Two patients
required low doses of prednisolone due to a
slight increase of the values of liver function tests
after basiliximab therapy at the end of the fol-
low-up.

The changes in the results of liver function
tests, such as the levels of total bilirubin, AST,
and ALT after basiliximab therapy in all but one
patient (Case 5) are shown in Fig. 1, which
revealed a dramatic improvement of the liver
function test after basiliximab therapy. The

patients were discharged from the hospital with a
median period from the date of basiliximab ther-
apy to the resolution of ACR of 31.5 days

. (range: 18-90 days). In spite of improvement of

the liver function, the duration of hospitalization
was extended because the administration of
ganciclovir was required in all but one patient
(Case 5), Three patients (Cases 1, 2, and 5) expe-
rienced ACR at'seven, 10, and 1.5 months after
basiliximab therapy, Iespecnvely All patients
improved following treatment with single steroid
pulse therapy. There was the same sentence in
this paper.

infectious complications after basiliximab therapy

Opportunistic infections were common, as evi-
denced by the CMV and EBV viremia and pneu-
mocystis pneumonia. None of the patients
developed CMV disease, although CMV-pp65
antigenemia was detected in all patients after ba-
siliximab therapy. CMV immunoglobulin-G was
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* Fig. 1. Changes in liver function test parameters in six

patients who exhibited improvements from the administra-
tion of basiliximab therapy to hospital discharge.

positive in all recipients before LT, and all but

one (Case 5) had received livers from CMV-posi-
tive donors. The CMV-ppé5 antigenemia in
Cases 1 and 6 became positive within four days
after basiliximab treatment; thus, the second
dose of basiliximab was not administered. The
CMV-pp65 antigenemia in Cases 2, 3, 4, and 7
became positive within two wk after basiliximab
therapy, and in Case S, it became positive after
retransplantation. Although EBV-DNA was
positive in three patients (Cases 5, 6, and 7) dur-
ing the follow-up period, none of the patients
developed post-transplant lymphoproliferative
~ disease. One patient (Case 2) suffered from PCP

nine months after basiliximab therapy and was
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successfully treated with the intravenous admin-
istration of trimethoprim-sulfamethoxazole.

The histopathological findings of the SRR patients

The histopathological findings are shown in
Table 4. The histopathological grade of rejection
on the Banff criteria was classified as moderate
to severe rejection in all patients, and the venous
endothelial inflammation scores for the central
vein region were high. Centrilobular fibrosis was
observed in six. patients at the first rejection epi-
sode, with an interval from 11 to 44 days after
LDLT. Centrilobular necrosis and hemorrhage
were detected in the majority of patients. The
RALI, including the presence of centrilobular peri-
venulitis, improved in three patients who
received follow-up biopsies. No patient showed
an anastomotic stricture of the hepatic vein by
Doppler ultrasonography.

The changes in the proportions of CD47CD25" T cells and
regulatory T cells before and after basiliximab therapy

The changes in the proportions of CD4* CD25%
T cells and Treg cells in the peripheral blood
before and after basiliximab therapy are shown
in Fig. 2. The proportions of CD4*CD25" T
cells in the patients before basiliximab therapy
(mean + standard deviation: 16.56 £ 6.49%)
were significantly higher than those observed in
the healthy control children (9.67 £ 2.17%,
p = 0.034). The proportions of CD4"CD25% T
cells were significantly suppressed after basilix-
imab therapy compared to those measured in
the patients before basiliximab therapy (16.56
+ 6.49% vs. 9.07 & 3.96%, p = 0.026). There
were no significant differences in the proportion
of Treg cells in the peripheral blood measured
before basiliximab therapy in the patients and
those observed in the healthy control children
(6.18 4= 3.01% wvs. 691 + 2.04%, p = 0.853).
The proportions of Treg cells were also sup-
pressed in the patients after basiliximab therapy
compared to those observed in the patients
before basiliximab therapy (2.71 + 2.21% vs.
6.18 & 3.01%, p = 0.062), The proportions of
CD4"CD25" T cells. and Treg cells in the
patients who developed graft loss after basilix-
imab therapy were 3.13% and 1.52%, respec-
tively, which were the same as those observed in
the other patients.

Discussion

Previous studies of LDLT for ALF in children,
especially . infants, have documented poor out-
comes. Possible reasons for these results include
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~ Table 4. The histopathological findings of the SRR patients

Basiliximab for SRR in PLT with ALF

Centrilobular injury RAI
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Fig. 2, Comparison of the levels of peripheral CD4*
CD25™ Tcells and CD4™ CD25"%" CD(27"°V/" regulatory
T cells.

the age of the recipients, the cause of ALF, post-
operative complications, for example, vascular
complications, and the incidence or patterin of
rejection (19-21). Among these reasons, technical
difficulties in performing LDLT in infants are
associated with problems of “large-for-size”

grafts (33). The unknown etiology of ALF
despite precise investigations before LDLT
remains a big issue in this field (34). Patients clas-
sified with “cryptogenic hepatitis” may have pos-
sible causes of ALF that contraindicate the use
of LT, such as mitochondrial respiratory chain
disorders and familial hemophagocytic lympho-
histiocytosis, although the amount of time for

. investigating the etiology may be limited owing

to disease progression before LT (34).

With respect to the incidence or pattern of
rejection after LDLT for ALF in children, previ-
ous reports have demonstrated a high incidence
of ACR that is often refractory to steroids, as
well as common pathological features of centri-
lobular changes, such as central perivenulitis (20,
21, 35). Centrilobular changes, including perive-
nuhns and necrosis, are associated with late
acute rejection during the long-term follow-up
after pediatric L'T (36). The presence of central
perivenulitis is a significant risk factor for the
development of centrilobular fibrosis and indi-
cates a trend toward future chronic ductopenic
rejection (37). In the current study, central fibro-
sis was detected in six patients at the first rejec-
tion episode, although the significance of
centrilobular fibrosis in the long-term follow-up
of pediatric LT was uncertain (38). Therefore,.
managing ACR with centrilobular changes, syn-
onymously defined as SRR in the current study,
is a key issue for improving the outcomes of
LDLT for cryptogenic ALF in infants.

We demonstrated the effectiveness of basilix-
imab as rescue therapy for SRR in pediatric LT
patients -with ALF. The physiological mecha-
nisms of basiliximab therapy acting on SRR are
currently unexplained. Several possible pathways
related to the effects of basiliximab on SRR have
been described to date (39, 40). Cellular IL-2
production contributes to the development of
steroid resistance., The multidrug resistance-1
gene product is P-glycoprotein 170, which
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actively transports steroids and has been
reported to be upregulated by IL-2 (39). Basilix-
imab has been also used to treat steroid-resistant
ulcerative colitis. Creed et al. reported the effec-
tiveness of basiliximab in cases of moderate to
severe steroid-resistant ulcerative colitis and
described the induction of apoptosis in large
numbers of steroid-resistant T-cell clones in the
bowel following basiliximab therapy (40). Basil-
iximab appears to restore the sensitivity of these
cells to steroids, resulting in rapid cell depletion
in the presence of steroids. The authors also dem-
onstrated a marked synergistic effect of basilix-
imab in combination with steroids. We therefore
consider that treatment with basiliximab as res-
cue therapy decreases the rate of steroid resis-
tance.

We experienced a high incidence of infections,
such as CMV and Preumocystis pneumonia. The
patients suffering from SRR had already become
severely immunocompromised due to multiple
cycles of steroid pulse therapy and the use of
additional ISs before the introduction of basilix-

-imab therapy. Aw et al. reported that five of
seven pediatric recipients with SRR were success-
fully treated with- basiliximab, and CMV-DNA
became positive in two of their patients, but none

-of the patients developed CMV disease (16). In
- our series, CMV-pp65 antigenemia was positive
in all patients after basiliximab therapy. Because
ALF is considered to be a risk factor for CMV
* infection after LT, the correlation between basil-
iximab therapy and CMV infection is still
unclear (30). One patient suffered from PCP
nine months after basiliximab therapy. The
patient did not receive PCP prophylaxis after ba-
siliximab therapy. The correlation between basil-
iximab therapy and Pneumocystis Pneumonia is
also uncertain. After the experience of PCP fol-
lowing basiliximab, we started PCP prophylaxis
at least one yr for the patient with basiliximab
therapy and/or with multiple ISs. -

In this study, the levels of peripheral CD4™
CD25™ T cells were suppressed following the
administration of basiliximab therapy. Treg cells,
which play an important role in preventing graft
rejection, were also suppressed after basiliximab
therapy. Three patients experienced ACR. aftér
receiving basiliximab. However, there were no
significant differences in the proportion of Treg
cells between the patients with ACR (Cases 1, 2
and 7) and the other patients (Cases 4-6) (data
not shown). The usefulness of monitoring the
levels of peripheral CD4" CD25% T cells and
Treg celis in the patients with SRR after LT was
unclear, because we had no data for pediatric LT
patients without SRR. Briem-Richter et al.
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reported that patients who undergo LDLT have
significantly higher numbers of Treg cells and
associated cytokine IL-4 serum concentrations
than patients who undergo deceased donor LT
(41). The rate of prior ACR episodes of 16%

observed in the LDLT patients is lower than the

25% noted in the deceased donor LT patients,
with no significant differences (p = 0.75). Further
investigations should be conducted to determine
the significance of Treg cells as an indicator of

-transplantation tolerance, -

In conclusion, we herein demonstrated the
effectiveness and safety of rescue therapy consist-
ing of basiliximab for SRR. Basiliximab is a pos-
sible first-line rescue therapy for SRR after LT,
and its use is recommended as soon.as possible
when the histopathological findings demonstrate
centrilobular injuries at the first ACR episode to
prevent SRR of pediatric LT patients with ALF.
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Two-step transplantation for primary
hyperoxaluria: A winning strategy to prevent
progression of systemic oxalosis in early
onset renal msufficiency cases

Sasaki K, Sakamoto 8§, Uchida H, Shigeta T, Matsunami M,
Kanazawa H, Fukuda A, Nakazawa A, Sato M, Tto S, Horikawa R,
Yokoi T, Azuma N, Kasahara M. (2015) Two-step transplantation for
primary hyperoxaluria: A winning strategy to prevent progression of
systemic oxalosis in early onset renal insufficiency cases. Pediatr
Transplant, 19; E1-E6. DO 10.1111/petr.12376.

Abstract: Several transplant strategies for PH1 have been proposed,
and LT is performed 1o correct the metabolic defects. The patients with
PH1 olten suffer fromy ESRID and require simultaneous LKT, which
leads 1o a long wait due to the shortage of suifable organ donors. Five
patients with PHI underwent LDLT at our institute. Three of the five
patients were under dialysis before LDLT, while the other two patients
were categorized as CKD stage 3. An isolated LDLT was successfully
performed in all but our first case, who had complicated postoperative
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Jong-term requirement of RRT.

PH1 is an autosomal recessive inherited disor-
der of glyoxylate metabolism, caused by a
deficiency of the liver-specific peroxisomal
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ALT, alanine aminotransferase; AST, aspartate amino-
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phenolate mofetil; PD, peritoneal dialysis; PHI, primary hy-
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courses and consequently died due to sepsis after retransplantation.

The renal function of the patients with CKD stage 3 was preserved
after LDLT, On the other hand, our second case with ESRD
underwent successful LDKT six months after LDLT, and our infant
case is waiting for the subsequent KT without any post-LDLT
complications after the early establishment of PD. In conclusion. a two-
step transplant strategy may be needed as a life-saving option for
patients with PH 1 and may be possible even in small infants with
systemic oxalosis. While waiting [or a subsequent KT, an early
resumption of PD should be considered from the perspective of the
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AGT. Overproduction and urinary excretion
of oxalate leads to urolithiasis and nephro-
calcinosis, which may consequently result in
renal failure. With advancing renal failure, the
extrarenal deposition of oxalate in tissues such
as the bones, retinas, and/or cardiovascular
systern occurs (1). Although the prognosis of
PH1 has improved because of an increased
awareness and earlier diagnosis, leading to
earlier treatment, some patients have a rapidly
progressing course, and other patients are
diagnosed at advanced stages of renal failure
(2). Among the various clinical phenotypes of
PHI, the wnfantile form, which often exhibiis
a rapidly progressing course to ESRD and

E1
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systemic oxalosis (infantile oxalosis) generally
before three yr of age, may be difficult to
manage and shows poor outcomes (3, 4).

Transplantation strategies for PH! have
been proposed based on concomitant renal
insufficiency (5). Simultaneous or sequential
LKT is an appropriate therapeutic option for
patients with ESRD, although ‘most patients,
especially children, have to wait to obtain two
organs due to the shortage of suitable organ
donors (6). While waiting for transplantation,
the continuation of RRT is a crucial element
of survival; however, there are some dilemmas
that in which all forms of dialysis are inade-
quate to keep up with the high production of
oxalate (7). <

We herein review the previous cases.of PHI
treated using LDLT at our institute, and present
the detailed clinical courses of three cases with
ESRD, especially the infantile case in which we
pecformed early LT to avoid further deposition
of oxalate and succeeded in early resumption of
PD after LT.

A review of LDLT in our PHY cases

Since November 2010, five children with PHI
underwent LDLT at our institute. These cases
are summarized in Table 1. In our institute, we
recommend preemptive LT {or pyridoxine-resis-
tant PHT patients with CKD stage 3, isolated L.T
(if necessary, sequential KT) for CKD stage 4,
and sequential or simaltaneous LKT for CKD
stage 5. Three patients were under dialysis at the
time of LDLT, and we planned sequential LKT.
The GFR of the other two patients were 58.9
and 47.8 mL/min/1.73 m? categorized as CKD
stage 3. Because pyridoxine therapy could not
prevent disease progression, we planned preemp-
tive LT.

Case 1

A 17-yr-old male was suspected to have PHI
from his clinical history of recurrent nephrolithi-
asis when he was four yr old and started to take
pyridoxine and citrate. He was diagnosed based
on the low AGT catalytic activity of his liver. His
renal function gradually declined, and PD had
been introduced at the age of 13 yr. He had a
past history of bilateral femoral neck fractures
due to bone lesions related to PHI, and he was
confined to a wheeichair, He received an LL graft
from his mother. After LDLT, he suffeted from
portal vein thrombosis, which led to graft [ailure.
He underwent retransplantation and received a
whole liver graft from a deceased donor. How-
ever, he died due to sepsis, which might have

E2

Table 1. The characteristics of donors and recipients
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i

Quteame {F/U period)
Died* {2 months)
Alive? (32 months)
Alive {5 months)
Alive {20 months}

2 months}

Alive {

Gurrent GFR
173 m9

{mL/min/
N/A
N/A
N/A
67.8
54.0

Complication

Massive
ascites

None

None

eroids

teroids
Steroids
Tacrolimus  None
Sterqids
MMF
Tacrolimus
Steroids
MMF

S
Tacrelimus

Tacrglimus  PVT
S
Tacrolimus

i3

Graft Liver {%)

Graft Type/ AGT Actés}ity of
N/A
N/A
308
3506
7.2

GRWR {%}
1L/0.63
1073
LLS/3.04
LLS/1.02
s/t

Donor/Age iyr)
Mother/46
Mother;/38
Mother/32
Mother/31
Mather/28

Pre-Tx
173 m)

eGFR
{ml/min/

N/
N/A
N
589
478

Mode of
dialysis/Period
PD/4 months
None

None

PD/5 yr
HD/1 yr

mutation

N/A

/A

pAgixX
homozygous

p.Bin110 fs/
plysi2 fs

p.Try25ys/
p.Ser275 fs

CKD Stage  Genetic

at Pre-Tx.
Stage §
Staga b
Stage 3

Stage 5
Stage 3

it

tation due to graft failure eight davs after LOLT.

Age &t Dx/Sex
4 months/F

4 yi/M
5 yiiF
4 yijF
7 yilf

LDLT (kg)

BW at
453
500
223
235

8 months

LOLT
17w
15 wr
10y
7 yr

Age af

BW, body weight: CKD, chronic renal disease; Dx, diagnosis; F, female; F/U, foltow-up; ¥/S, immunosupgressants; M, male; N/A, not assessed; Tx, transplantaticn.

*The patient underwent retransplan
The patient underwent LDKT six months after LDLT.

Case Ne.

1
2
4
5



been related to the requirement for continuous
HD alter retransplantation.

Case 2

A 15-yr-0ld female was suspected to have PH1
from her clinical history of recurrent nephrolithi-
asis when she was five yr old. She was diagnosed
based on her urine and plasma oxalate level and
her family history that her father had been diag-
nosed as PHI, although no conservative treat-
ment was introduced. Her renal function
.deteriorated into ESRD, and 1D was introduced
at the age of 10 yr. She could conduct almost
normal activities of daily living despite inter-
mittent HD treatment before LDLT. She
received an LI graft from her mother. She
suffered from massive ascites for a few
months after LDLT. She. finally succeeded in
undergoing LDKT by receiving a kidney graft
from her grandmother six months after
LDLT, Her hepatic and renal grafts are cur-
rently functioning well.

Case 3

A four-month-old female presented with ESRD,
and PD was immediately introduced. Her plasma
oxalate level was 167.2 umol/L (reference range
<1.8 umol/L) and genetic testing confirmed a
diagnosis of PHI1. Medical management with
pyridoxal phosphate was also initiated; however,
it did not have much effect on her clinical course.
Ophthalmoscopy revealed a rapid progression of
oxalate deposition in the bifateral retinal epithe-
livm (Fig. 1a,b). No other complications were
found during the preoperative examinations, and
her cardiac function was normal based on echo-
“cardiography. At the age of eight months, the
patient underwent LDLT by receiving an LLS
from her mother to decrease the risks associated
with systemic oxalosis under PD, especially the

Two-step transplantation for PH{

rapid progression of retinal lesions. The previ-
ously tnserted PD catheter was kept and pro-
tected  during the operation. Intestinal
manipulation was kept as a minimum, and

~anti-adhesive materials (Seprafilm; Genzyme

Corporation, Cambridge, MA, USA) were used
to prevent abdominal adhesions at the end of the
operation. HD was performed for three days
prior to LDLT to decrease the plasma oxalate
level. Continuous HD had been perforimed based
on the patieat’s cardiovascular condition and
renal function for 12 days after LDLT, and
thereafter, PD was successfully resumed. The
postoperative clinical courses of the recipient and:
donor were uneventful, without any complica-
tions. After LDLT, the rapidly progressing
oxalate deposition in retinal epithelium stopped,
and the patient favorably gained weight to
8.8 kg at the age of 12 months without any neu-
rodevelopmental delay. The patient continues to
be managed under PD and renal anemia has been
corrected by intermittent blood transfusion, KT
will be performed when her body weight reaches
10 kg, although the plasma oxalate level has still
been higher than the normal range after the
LDLT (Figs. 2 and 3).

Discussion

The outcomes of organ transplantation in PH1
have improved over time, with recent LKT hav-
ing been highly successful (8, 9). LK.T is currently
the most widely used procedure for the PH1
patients with severe renal insufficiency, and we
also planned LKT for such patients (Case 1, 2,
and 3). However, the number of the deceased
donors is still low, and living donors remain the
main source of donor organs in our country. The
two-organ donation increases the burdens and
the risks for living donors, and therefore, the tim-
ing of organ transplantation for PHI1 patients
used to be delayed, resulting in disappointing

Fig. 1. The ophthalmoscopic findings of oxalate deposition in the retinal epithelium. The examination at the age of
four months (no photo) showed normal findings: however, the findings at the age of five months (A) revealed muitiple oxalate
deposits in the retinal epitheliom, and the intensity of oxalate deposition had inereased al the age of seven months (B).
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outcomes, as described in Case 1. We changed
our policy to perform the organ transplantation
before renal functions become severer. Preemp-
tive LT may be an ideal transplantation strategy;
however, it is difficult to decide the optimal tim-
ing because of heterogenous clinical courses of
PH1 patients and the risks of the operation and
the long-term immunosuppression. Previous lit-
erature reported that the threshold GFR below
which degradation is unavoidable was estimated
to be between 40 and 50 mL/min/1.73 m? (10),
and therefore, we chose the pyridoxine-resistant
PHI1 patients with CKD stage 3 as the indication
of preemptive LT (Case 4 and 5). For the PHI
patients with CKD stage 4, we recommend iso-
lated L'T and followed by sequential KT, if neces-
sary. Even though the renal function deteriorates
after LT, sequential living donor kidney dona-
tion is probably less aggressive for the donor
than concurrent donation of two organs (11).

If a low body weight infant requires simulta-
neous LK'T, it may be impossible to implant two
adult organs into a very small abdominal cavity.
Waiting for an infunt with PHI to be large
enough for simultancous LKT from an ideal
size-matching pediatric deceased donor permits
ongoing oxalate deposition throughout the wait-
ing period, leading to the progression of compli-
cation and poor outcome, such as Case 1. The
presented infant case revealed a rapid progres-
sion of retinal lesions, which could lead to vision
impairment, and we decided to perform early LT
(12). Sequential LKT may therefore be an appro-
priate therapeutic option for infants with sys-
temic oxalosis, because an isolated L'T, which is
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performed before the KT, can allow for earlier
interruption of the oxalate accumulation (6).
When considering sequential LKT for a small
patient, the use of RRT will be an imaportant and
challenging issue after LT. To the best of our
knowledge, nine children with PH! who were
planned to undergo sequential LKT were previ-
ously reported (2, 6, 13-18) (Table 2). Although
PD was tried after LT in two cases, both of these
cases died before receiving sequential KT due to
peritonitis and cytomegalovirus infection. PD is
generally employed in low body weight pediatric
patients, although this procedure may be difficult
to perform after abdominal surgery. HD nwust be
performed for patients with PH1 during the peri-
operative period for LT, although the long-term
dependence on HD after LT is considered to be a
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Fig. 3. The growth curve. An appropriate growth wuas
obtained during the follow-up period after LDLT,
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Table 2. A review of the previously published ceses planned to undergo sequential liver-kidney transplantation for PH1

Age yr)/  Body Mode of Interval Mode of
Case No. Gender  Weightkg)  dialysis Before LT Donor Type {liver/kidney) between LT and KT dialysis After LT~ Outcome  Reference No.
1 1.3/F 6.2 D Father/Fathar 1.7 months N/A Alive 13
2 A 5/F N/A N/A Living donor/Deceased doror N/A N/A Alive 15
3 M 18.0 HD Mother/Mother 4.7 months N/A Alive 14
4 0.9/F N/A N/A N/A” 9 months HD Alive 16
§ 1M N/A PO -+ HD Deceased donor, Mother/Mother 8 months N/A Alive B
8 1.4/M a.1 PD Father/Father 6 months HD Alive 17
7 3IM N/A HD Deceased donor/Living donor 4 months HOD Alive 18
8 23/M N/A PD Living donor/Not performed N/A HD-+PD Died” 2
8 5/M N/A PD -+ HD Deceased donor/Not performed  N/A HD - PD Died® 2
10t 171M 453 PD Mother, Deceased donor/ N/A HO) Died® -
Not performed

1f 15/F 50.0 HD Mother/Grandmather 6 months HD Alive -
VA Vs 7.1 D Mother/Not performed

N/A HO-»PD Alive -

N/A, not assessed.
* Al patients died due to infectious episodes.
*0ur presented cases.

risk factor for various postoperative complica-
tions, such as catheter-related infections, espe-
cially in immunosuppressed patients, as was Case
1. Therefore, our strategy for RRT after LT
prior to KT for a low body weight infant is an
early resumption of PD, which can be achieved
by perfornung meticulous surgical procedures,
such as minimal intestinal manipulation and the
use of anti-adhesive materials. Seprafilm has
been widely used to reduce the incidence and
severity of postoperative adhesion in pediatric
abdominal surgery (19). Tn addition to these sur-
gical techniques, postoperative management to
keep the patency of the PD catheter using a hep-
arin lock solution is important for the early
resumption of PD.

When LDLT is considered for patients with
PHI, the heterozygous carriers of this disorder
may not be living donor candidates due to their
potential for decreased enzyme function. It has
been reported that the use of heterozygous
donors in patients with various autosomal reces-
sive diseases shows no negative impact on either

the donors or recipients (20), although the refer-
ence articles contributing this evidence did not

include LDLT cases with PH1, The previous arti-
cles related to LT or LKT from living donors did
not profoundly discuss this issue (2, 6, 13, 14,
21-24). On the other hand, there are several stud-
ies reporting cases of domine LT retrieving com-
pound heterozygous organs with PHI1 (25-29).
Not surprisingly, all of those reported cases
developed renal insufficiency after domino LT,
and Farese et al. suggested that the compound
heterozygous organs with PHI should not be
used for domino LT (27), We nmieasured the AGT
catalytic activity of the graft livers. We sampled

living tissue before interrupting the blood flow,
and the sample was immediately {rozen. The val- -
ues of the native and graft livers were described
as the ratio to the healthy liver value. The values
of graft livers were available for three cases,
including 30.9% (Case 3), 35.0% (Case 4), and
77.2% (Case 5) (30), respectively. None of the
donors showed any clinical symptoms or abnor-
mal faboratory findings related to PH1. A previ-
ous report showed that the mean AGT activity in
the PH1 patients was 3.3% and that of PH1 het-
erozygous carrier was intermediate at 30-50%
(31). The interpretation of the relatively lower
AGT catalytic activity of the graft livers in our
series i1s unclear, and further evaluation of the
impact of the use of organs from heterozygous
carriers of PH1 will be necessary.

In conclusion, LT via a two-step transplant
strategy, which can allow for the interruption of
the oxalate accumulation, may be needed as a
life-saving option for the patients with PHI, and
may be possible even in low body weight infants.
While waiting for a subsequent KT, an early
resumption of PD should be considered from the
perspective of the long-term requirement for
RRT.
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Use of Serial Assessment of Disease Severity
and Liver Biopsy for Indication for Liver
Transplantation in Pediatric Epstein-Barr
Virus-Induced Fulminant Hepatic Failure

Atsuko Nakazawa,' Natsuko Nakano,'® Akinari Fukuda,” Seisuke Sakamoto,? Ken-ichi Imnadome,®
Toyoichiro Kudo,” Kentars Matsuoka,' and Mureo Kasahara?

Departments of 'Pathology, *Transplant Surgery, and 2infectious Diseases, National Research Institute for
Child Health and Development, Tokyo, Japan;, and “Division of Hepatology, National Center for Child
Health and Development, Tokyo. Japan; and *Department of Pathology, School of Medicine, Tokai
University, Tokyo, Jopan

The decision to perform liver transplantation (LT) in patients with Epstein-Barr virus (EBV)-induced fulminant hepatic failure
(FHF) relies on a precise assessment of laboratory and pathological findings. In this study, we analyzed clinical and laboratory
data as well as the pathological features of the liver in"order to evaluate the pathogenesis and the need for LT in 5 patients
with EBV-induced FHF. According to the King's College criteria, the Acute Liver Failure Early Dynamic (ALFED) model, and
the Japanese criteria (from the Acute Liver Failure Study Group of Japan), only 1 patient was considered to be a candidate
for LT. However, explanted liver tissues in 3 cases exhibited massive hepatocellular necrosis together with diffuse CD8-
positive T cell infiltration in both the portal area and the sinusoid. EBV was detected in the liver, plasma, and peripheral blood
mononuclear cells (PBMNCs). In 2 cases indicated to be at moderate risk by the ALFED model, fiver biopsy showed CD8-
positive and EBV-encoded RNA signal-positive lymphocytic infiltration predominantly in the portal area, but massive hepato-
cellular necrosis was not observed. These patients were treated with immunosuppressants and etoposide under the diagnosis
of EBV-induced hemophagocytic lymphohistiocytosis or systemic EBV-positive T cell lymphoproliferative disease of childhood,
EBV DNA was detected at a high levsl in PBMNCs, although it was negative in plasma. On the basls of the pathological anal-
ysis of the explanted liver tissues, LT was proposed for the restoration of liver function and the removal of the EBV-infected
lymphocytes concentrated in the liver. Detecting EBV DNA by a guantitative polymerase chain reaction in plasma and
PBMNCs was informative. An accurate evaluation of the underlying pathogenesis is assential for developing a treatment strat-
egy in patients with EBV-induced FHF. Liver Transpl 000:000-000, 2014. © 2014 AASLD.

Received July 9, 2014; accepted November 14, 2014,

In the majority of patients with infectious mononucleo-  observed. In patients with Epstein-Barr virus (EBV)-
sis, asymptornatic, self-limited hepatic dysfunction,  induced fulminant hepatic failure (FHF), massive hepa-
together with mild elevations of serum aminotransferase  tocellular necrosis can happen.' For such cases, liver
levels (2-3 times the upper limit of normal), is usually  transplantation (L'1) is imperative to prevent death.?®

Abbreviations: ALF, acute liver failure; ALFED, Acule Liver Failure Early Dynamide; D-Bil, divect bilivubin; EBER, Epstein-Barr
virus-encoded RNA signal; EBV, Epstein-Barr virus: EBV-T-LPD, systemic Epsteln-Barr virus-positive T cell lymphoproliferative
disease; FHF, [ulminant hepatic failure; HLH. hemophagocytic lymphehistiocytosis; JALFSG, Acute Liver Failure Study Group of
Japan: KCC, King's College criteria; LDLT, lving donor liver transplantation; LT, liver transplantation: PBMNC, peripheral blood
nionoiuciear cell; PCR, polymerase chain veaction; PT, prolthrombin time: T-Bil. tolal bilirubin.
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TABLE 1. Laboratory Data for the 5 Patients With EBV-Induced FHF on the Fifth Hospital Day

Mononuclear
Cell EBV DNA

Plasma EBV DNA

{Copies/
ug of DNA)

{Copies/pg

Liver
Atrophy

Platelets

D-Bil/
T-Bil Ratio

T-Bil
{mg/dL}

1.86 {4.61}
11.91 {11.91)

of DNA)
5.1 x 10*

(/pL)

6.5 (2.6}
2.4 (2.4)
4.9 (4.9}
12.5 (10.3)
20.5 (15.4)

PT (%)
38.8 (10.0}

Age/Sex

1 year 7 months/female

Case

5.2 X 102
4.4 X 106°
1.5 x 10°
3.8 X 10*
3.8 x 10°

2.9 x 10%
3.4 % 10°
Negative
Negative

Yes

No
Yes
Yes

Hepatomegaly

0.67
0.31
0.51
0.49
0.52

3.14 {13.98}
2.85 (3.96)
1.44 (2.46)

30.2 (10.0)
29.1 {20.7}
37.7 (20.8)
49.8 (49.8)

/male

9 years 3 months/female
2 years 3 months/female

5 years 0 months
5 years 8 months/male

- F N

NOTE: The peak {worst) values are indicated in parentheses, Liver atrophy was evaluated by ultrasonography on the fifth hospital day and was compared to observa-

tions at admission.

Although liver grafts are readily avaitable in Japan
because of a willingness of parents to Ie donors, liv-
ing donor liver transplantation (LDLT) should he pre-
vented whenever possible because it affects the
quality of life of both the donor and the reciptent. A
number of prognostic models have been used to pre-
dict the outcome of acute liver failure (ALF) or FHF
when a consideration for LT is present.**® The most
widely applied models are the King's College criteria
{RCC} and the Model for End-Siage Liver Discase/
Pediatric End-Stage Liver Disease; however, the need
for a better prognostic model remains because each
of those nodels has its own lmitation in terms of
elther sensitivity or specifielty. Rumar et al.® devel-
oped a new prognostic model, known as the Acute
Liver Failure Early Dynamic (ALFED) model, that is
based on whether the levels of predictive variables
remain persistently high or elevated during the frst
3 days of hospitalization. The authors found that
early changes in the prognostic markers predicted
outcomes thai were better than the static bascline
levels. The ALFED model was superior to the KCC
and the Model for End-Stage Liver Discase, even
when the 3-day .serlal values were taken [ato
consideration.®

Faor patlents with EBV-induced FHF, however, the
use of a prognostic model may not be sufficient to
performm a strict and accurate assessment. Liver
biopsy is useful in making a definite decision for LT,
Here, we analyzed clinical and laboratory data as well
as pathological features of the liver to evaluate the
pathogenesis of FHF and the necessity for LT in
palients with EBV-induced FHF.

PATIENTS AND METHODS

Among 44 pediatric FIF patients transferred to our
hospital for consideration for LT between January
2006 and April 2014, 5 had EBV-induced FHF. All
patients were previously healthy and immunocompe-
tent, No patients had auy family history of liver dis-
case, metabolic disease, immunodeliciency, or
hemophagocytic lyraphohistiocytosis (HLH). Clinical
data were collected from the patients' medical records,

Quantification of EBV DNA In plasma, peripheral
blood mononuclear cells (PBMNCs), and liver lympho-
cyles was carried out with a real-time quantitalive
polymerase chain reaction (PCR) assay with the Tag-
Man sysiem (Applied Biosystems, Warrington, United
Kingdom) as described elsewhere.” Amplification of
EBV DNA was performed with the ABI-Prism 7500
real-time PCR system (Applied Blosystemns) with EBV-
specific primers derived {rom conserved sequences in
the BALF5 gene encoding the EBV DNA polymerase.
A peripheral blood EBV DNA load > 102 copies/ug of
DNA was considered a significant elevation because
>95% ol healthy EBV carriers had an EBV DNA load
below this level.* EBV-infected cells were examined In
each component of liver lymphocytes (e, CD19-
positive, CD4-positive, CD8-positive, and CD56-
positive components) with the IMag cell separation
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Figure 1. ALFED scores in B cases. The ALFED model 1s based
on an overall yisk score caleulated [or each case through lhe
addition of the scores corresponding o their risk factors (hepalic
encephalopathy > grade 2, PT-intexnational normalized ratio > 5,
arlerial ammonia > 123 pmol/L, and serum bilirubin> 15 mg/
dL). Originally, the cases were stratified into 3 risk categorles on
the basis of lhe risk laclors at acdmission (day Q) and (heir
dynamielly over 3 days (day 3) as follows: 0 10 1, low risk; 2 to 3,
moderate risk: and 4 to 6. high risk. On day 3, case 2 was strati-
fled into the high-risk category, whereas cases 1, 4, and 5
remalned at moderate tisk. Case 3, who had a score of 0 on day
3, atfained a score of 4 on day 5 and was stratified Into the
high-risk category.

system (BD Pharmingen, San Jose, CA) according to
the protocol supplied by the manufacturer.”

Pathological analysis was performed on either the
explanted liver or the biopsied liver tissues. For
immunochistocheristry, antibodies against cytoplas-
mic CD3, CD4, CD8, CD20, CDB6, granzyme B, and
perforin were used (Nichirei Biosclences, Tokyo.
Japan). The EBV genome was detected by in situ
hybridization with Epstein-Barr viras-encoded RNA
signals (EBERs; EBER peptide nucleic acid probe,
Dako, Japan}. Double staining for CD20 and EBERs
as well as CD45RO and EBERs was performed to
detect the phenotype of the EBV-infected cells. Immu-
‘noglobulin/T cell receptor clonality assays were per-
formed with BIOMED-2 with formalin-fixed, paraffin-
embedded liver tissues,?

The study was conducted with the approval of the
ethics comumittee of the National Center for Child
Health and Development (no. 466).

RESULTS
Clinical Findings

All B patients were treated with high-dose dexametha-
sone, plasma exchange. and continuous hemodiafilira-
tion. Cases 1 and 2 were additionally treated with
cyclosporine A for hemophagocytic syndrome. Case 2
was diagnosed with HLH according to the HLH2004
criteria,” but case 1 did not fulfill the criteria, Three
patients (cases 1, 2, and 3) underwent LT; cases 1 and
2 underwent LDLT 15 and 33 days after the initial pre-
sentation, respectively, whereas case 3 received urgent
deceased donor LT 11 days after the initial presenta-
tlon, Cases 1 and 3 remaivned healthy 2 years 4
months and 3 years 7 months after LT, respectively.

Figure 2. Photomicrograph of the explanted liver In case 2. (A)
‘The explanted liver showed massive hepatocellular necrosis and
extensive Iymphohistioeytic infiitrate in the portal and lobular
distribution. HMemophagocytosis was frequently seen (inset), (B)
Infiltrating lymphocytes were predominantly CD8-positive T cells
(left) and EBER-postitve Jymphocytes (vight}, Deuble staining for
CD4BRO (brown) and EBERs (dark blue) indicated that most of®
the EBER-positive lymphocytes were T cells (inset).

One patient (case 2) died because of allograft failure
resulting {rom veno-occlusive disease 93 days after LT,
An early determination of the indications for LT was
primarlly based on the guidelines proposed by the
Acute Liver Failure Study Group of Japan (JALFSG) in
2011.% Five variables, namely, the prothrombin time
(T} percentage, serum total bilirubin (T-Bil), direct bil-
irubin (D-Bil}/T-Bil ratio, platelet count, and Hyer atro-
phy, were used to calculate the score at the time of
development of hepatic encephalopathy higher than
grade 2. The decision for LT was based on a serial
assessment of the severity of FHF according to the
JALFSG score during the first 5 days of commencing
artificial liver support. The JALFSG score in cases 1, 2,
and 3 remained high and increased during the first 5
days of hospitalization: the scores on day 0 {on admis-
sion) and day 5 were 2 and 4 for case 1, 5 and 7 for
case 2, and 4 and 5 for case 3, respectively. .
For case 4, for which liver biopsy on day 20 after
the initial presentation showed hepatocyte ballooning
without massive necrosis, the diagnosis was EBV-
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TABLE 2. Pathological Features of the Liver in the 5 Patients With EBV-Induced FHF

Case Massive Necrosis Hemophagocytosis Infiltrated Lymphocytes EBV-Infected Cells
1 -+ + . T(CD8 > CD4)» B CDP8+ T
o 4 + T ([CD8) cp8+ T
3 + : - T (CD8) CD8+ T
4 - - T{CD8 » CD4) > B CD8+ T
5 - - T(CD8) CD8+ 7T

Figure 3. Photomicrograph of the liver biopsy in case 5. (A}
Hepatocytes were swollen, but massive hepatocellular necrosis
was not observed. (B) Atypical lymphoid inflitrate in the portal
area was composed of CD8-positive T cells {left). In situ hybrid-
fzation of EBERs revealed both portal and sinusoidal distribu-
tions of the EBV-inlected lymphocytes {right).

induced HLH according to the HLH2004 criteria. The
patient was treated with prednisolone, cyclosporine A,
and etoposide, She remalned healthy at 4 months.
One patient (case 5), who was diagnosed with sys-
temic Epsteln-Barr virus-positive T cell lymphoproli-
ferative disease of childhood (EBV-T-LPD), by liver
wedge biopsy on day 12 after the initial presentation,
was treated with prednisolone, cyclosporine A, and
etoposide. Subsequently, he received high-dose com-
bined chemotherapy and allogeneic bone marrow
transplantation. He remained healthy for 2 years 3
months with no abnormality in [amilial HLH-
associated genes (perforin, syntaxinil, Muncl3-4,

and Munc18-2) or SH2D1A (X-linked lymphoprolifera-
tive disorder-associated gene). Laboratory data for all
5 patients are sumwmarized in Table 1. The JALFSG
scores in cases 4 and 5 were low during the first 5
days of hospitalization; scores on days 0 and 5 were 1
and 2 for case 4 and 1 and 1 for case 5, respectively.

The ALFED scores for the 5 patients from day 0 to
day 5 are shown in Fig. 1. Case 2 was a high risk on
day 3 and was considered to be a candidate for LT.
Case 3 was a low risk on day 3 but hecame a high
risk (score 4) on day 5. Cases 1, 4, and 5 remained at
moderate risk from day 3 to day 5. Only case 2 [ul-
filled the KCC, whereas the others never fulfilled it at
any time of the clinical course (from admission to
day 5).

Pathological Findings
Explanted Liver

All 3 explanted livers were alrophic, and the weight
was 412 ¢ in case 1, 358 g in case 2, and 600 g in
case 3. The cut surtace showed a dark red color. In
cases 2 and 3, massive hepatocellular necrosis was dif-
fused in distribution, and the percentage of hepatocel-
lular necrosis was more than 90%. In case 1,
hepatocyle ballooning was marked, whereas hepatocel-
lular necrosis was patchy in digtribution. All explanted
livers showed exiensive lymphohistiocytic infiltrate in
both the portal and lobular distributions (Fig. 2A).
Ductular reaction and cholestasis were present. Cen-
tral venulitis characterized by lymphocytic infiltration
was evident. Numerous macrophages were seen in the
parenchyma: hemophagocytosis was seen in cases 1
and 2 {(Fig. 2A, inset). Liver lymphocytes were positive
for cytoplasmic CD3, CD8, granzyme B, perforin, and
EBERs, but they were negative for CD4, CD20, and
CD56. EBER-positive lymphocyles were positive for
CD45R0O but negative for CD20 (Fig. 2B). In case 1,
CD20 staining highlighted several large B cells, with
scattered CD4-positive T cells observed. T cell clonality
studies revealed monoclonal proliferation 1o cases 2
and 3, and T cell clonality was notAevaluated in case 1.

Liver Biopsy

In cases 4 and B, although hepalocytes were swollen,
massive hepatocellular necrosis was not observed,
Atypical lymphoid infiltrate in the portal area was
composed of small to inedlum lymphocytes with
hyperchromatic, irregular nuclei {Fig. 3A). Central
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