HBV markers after liver transplantation

Although the patient stopped antiviral therapy, he has not relapsed
for 29 months (data not shown).

In conclusion, HBcrAg and cccDNA were helpful for the moni-
toring of HBV dynamics after LT and keeping a negative status of
these markers might contribute to graft survival. In addition, using
these methods, the criteria for the discontinuation of HBV prophy-
laxis could be clarified in the future.
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TO THE EDITORS:

Because of increased productivity and availability,
more people have had the chance to undergo prophy-
lactic influenza vaccination. It has been reported that
influenza vaccination has cross-reactivity with human
immunodeficiency virus (HIV) antibody assays, but
this information is not well known in the field of
transplantation.’ Recently, we experienced a case of
living donor liver transplantation in which a healthy
donor candidate was frightened and was further
screened for the HIV antibody.

The patient was a 43-year-old female who was a
candidate for partial liver donation for her husband,
who was suffering from hepatocellular carcinoma
associated with hepatitis B liver cirrhosis. She had
never undergone a blood transfusion or abused
drugs before her screening for living partial liver don-
ation. According to her laboratory results, she was
positive for the HIV antibody (1.7 cut off index).
Otherwise, all data, including hepatitis B antibody
results, were within normal limits. It was found that
she had undergone vaccination for influenza 1 week
before the screening. She was referred to a specialist
in HIV infection, and western blotting for all antibod-
ies (GP160, GP110/120, P68/66, P55, Pb2/51,
GP41, P40, P34/31, P24/25, and P18/17) was nega-
tive. HIV RNA was undetectable in her blood (<40
copies/mlL). Thus, she was considered to be HIV-

s

False Positivity for the Human Immunodeficiency
Virus Antibody After Influenza Vaccination in a
Living Donor for Liver Transplantation

negative with a high level of confidence and subse-
quently donated the left lobe of her liver. The recipi-
ent remained negative for the HIV antibody even after
living donor liver transplantation.

With the prevalence of influenza vaccination and
organ donation, physicians should keep in mind that
recent inoculation with any brand of influenza vaccine
is associated with a false-positive screening assay for
HIV antibodies.?
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Liver transplantation for HIV/hepatitis C virus

co-infected patients

Mitsuhisa Takatsuki, Akihiko Soyama and Susumu Eguchi

Department of Surgery, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan

Since the introduction of antiretroviral therapy (ART) in
the mid-1990s, AIDS-related death has been dramatically
reduced, and hepatitis-C-virus (HCV)-related liver failure or
hepatocellular carcinoma has currently become the leading
cause of death in HIV/IHCV co-infected patients. Liver trans-
plantation may be one of the treatments of choices in such
cases, but the indications for transplantation, perioperative
management including both HIV and HCV treatments, immu-
nosuppression and the prevention/treatment of infectious

complications are all still topics of debate. With the improved
understanding of the viral behaviors of both HIV and HCV and
the development of novel strategies, especially to avoid
drug interactions between ART and immunosuppression, liver
transplantation has become a realistic treatment for HIV/HCV
co-infected patients.

Key words: hepatitis C virus, HIV, liver transplantation

INTRODUCTION

N JAPAN, IN the late 1980s, contaminated blood

production of coagulation factor for hemophilia
caused co-infection of HIV and hepatitis C virus (HCV).
Actually, greater than 90% of HIV-infected patients have
HCV as well.

After antiretroviral therapy (ART) was introduced in
the late 1990s, successful control of HIV was achieved
in most cases and death due to AIDS was dramatically
reduced, but HCV-related death due to liver failure or
hepatocellular carcinoma became a serious problem,
not only in Japan, but all over the world.*® In such
cases, liver transplantation (LT) is the only treatment
option to achieve long-term survival, but several modi-
fications of perioperative management are required.
In this review, the outcome and the points of
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management of LT for HIV/HCV co-infected patients
were reviewed.

REPORTED OUTCOME OF LT FOR
HIV/HCV PATIENTS

HE REPORTED OUTCOMES of LT for HIV and HIV/

HCV co-infected patients from Western countries
after the introduction of ART are summarized in
Table 11! In general, most reports concluded that
the results were worse than in the cases with HCV
mono-infection, with a 3-year survival of approximately
60-70%. In Japan, the Tokyo group reported six cases of
living donor liver transplantation (LDLT) between 2001
and 2004, of whom four died." These unfavorable out-
comes are likely related to the difficulties of determining
the indications for LT and of perioperative management,
including HIV/HCV treatment and the prevention and
treatment of infectious complications. Terrault et al.
reported that older donor age, combined kidney-liver
transplantation, an anti-HCV positive donor and a body
mass index of less than 21 kg/m? were independent
predictors of graft loss.'® After transplantation, several
studies showed that acute cellular rejection was more
frequent and severer in HIV/HCV co-infected patients
than that in HCV mono-infected patients, possibly due
to the difficulties in achieving optimal immunosuppres-
sion because of interactions between antiretroviral
agents and immunosuppression.'®!

17
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Table 1 Outcome of liver transplantation for HIV/hepatitis C virus co-infection

Authors Publication year Country n Patient survival (%)

1 year 3 years 5 years
de Vera et al.” 2006 USA 27 67 56 33
Schreibman et al.® 2007 UsSA 15 73 73 -
Duclos-Vallee et al.® 2008 France 35 - 73 51
Terrault et al.’ 2012 USA 89 76 60 -
Miro et al."! 2012 Spain 84 88 62 54

SPECIAL ISSUES REGARDING LT
INDICATIONS FOR HIV/HCV CO-INFECTION

ART-related non-cirrhotic
portal hypertension

N HCV MONO-INFECTED patients, LT should be

considered when the patients develop deteriorated
liver function as indicated by a Child-Pugh classifica-
tion of B or C. In HIV/HCV co-infected patients, liver
failure due to HCV hepatitis was generally enhanced
by ART-related hepatotoxicity, especially non-cirrhotic
portal hypertension.'*** Accordingly, not only in cases
with deteriorated liver function but also in class A cases,
the patients can easily develop severe liver dysfunction
suddenly,’*'” so that all HIV/HCV co-infected patients
should be carefully followed up so as not to miss the
chance for LT. Also, Murillas et al. reported that Model
for End-Stage Liver Disease (MELD) score is the best
prognostic factor in HIV-infected patients,'® so that
HIV/HCV co-infected patients may be considered for
LT before MELD score increase to achieve compa-
rable results with HCV mono-infected patients. Several
studies showed the aggressive fibrosis in HIV/HCV
co-infected patients compared with HCV mono-infected
patients,'*? but the mechanism of this aggressive fibro-
sis remains unclear. Recently, transient elastography or
acoustic radiation force impulse imaging to check for
liver stiffness has been introduced as an effective and
non-invasive modality to determine patients’ candidacy
for LT.>'-»

Count of CD4* T lymphocytes

Generally, the count of CD4" T lymphocytes has been
required to be more than 200/uL to perform general
elective surgeries in HIV-infected patients,* but in HIV/
HCV co-infected patients, current studies show that a
count of more than 100/uL is acceptable,??¢ because
patients generally have portal hypertension which can
cause pancytopenia. In such patients, the ratio of CD4/

© 2013 The Japan Society of Hepatology

CD8 is reported to be a feasible marker to predict
postoperative complications including opportunistic
infections. When the ratio is less than 0.15, the
incidence of infectious complications is significantly
higher.”

Preoperative infections

In regard to latent opportunistic infections that occur
before LT, they are not absolute contraindications
when they can be expected to be controlled.?® Infections
regarded as contraindications for LT included uncon-
trollable multidrug resistance HIV infection, chronic
Cryptosporidium enteritis, progressive multifocal leukoen-
cephalopathy and lymphoma.”

MANAGEMENT OF HIV/HCV IN LT

Management of HIV

HE NUMBER OF HIV RNA copies before LT is sug-

gested as an independent risk factor of postoperative
mortality, so that HIV should be controlled sufficiently
before LT.3° Accordingly, in the patients who are under
consideration to receive LT, ART can be safely stopped
before LT because HIV is generally well-controlled for a
long period by ART. After LT, ART should be restarted as
soon as possible because HIV RNA appears at 3-30 days
after ART is stopped,® but the timing of restart of ART
depends on the patient’s condition, including liver func-
tion.*? As long as the liver function has not fully recov-
ered, or partial liver graft such as in LDLT has not
sufficiently regenerated yet, ART cannot be started. Cas-
tells et al. reported in their case-control study that ART
was started at a median of 8 days after LT (range, 4-28
days).* In principle, the ART administrated after LT
should be the same as the pretransplant regimen, but
the majority of ART drugs including protease inhibitor
(PI) and non-nucleoside reverse transcriptase inhibitor
(NNRTI) have interactions with calcineurin inhibitors
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(CNI) or mammalian target of rapamycin (mTOR),* so
that the monitoring of blood levels of immunosuppres-
sion is extremely important to avoid infectious compli-
cations or rejection. Currently, a novel HIV-1 integrase
inhibitor, raltegravir (RAL), is expected to be a feasible
drug because it has no interactions with CNI, unlike
other drugs.***

Management of HCV

The treatment strategy for HCV in HIV/HCV co-infected
patients is the same as in HCV mono-infected patients.
Combination therapy of pegylated interferon (PEG IFN)
and ribavirin is the standard treatment both before and
after LT. The timing of the induction therapy after LT is
controversial. A Tokyo group proposed early induction
as a preemptive therapy before patients develop
hepatitis,®” while several other reports showed favorable
results when the treatment was administrated only
after the development of hepatitis was confirmed by
liver biopsy.*®*® Theoretically, the treatment should
be started as soon as possible, because in HIV/HCV
co-infected patients, HCV recurrence may be accelerated
in an immunocompromised state.>**° The novel pro-
tease inhibitor, telaprevir, is currently introduced as an
effective drug to achieve sustained viral response of
70%, even in genotype 1b, with PEG IFN/ribavirin in a
non-transplant setting,*' but this drug is metabolized via
cytochrome P450 as a substrate, as are CNI and various
protease inhibitors of ART for HIV. Close monitoring
of the CNI trough level should be performed, and
although triple therapy with telaprevir/PEG IEN/
ribavirin is currently reported to be effective to prevent
HCV recurrence after LT in HCV mono-infected cases,
special attention should be paid when this regimen is
adapted in HIV/HCV co-infected patients.

IMMUNOSUPPRESSION

S PREVIOUSLY MENTIONED, many factors includ-

ing ART, anti-HCV treatment and an HIV-related
immunocompromised state make post-LT immunosup-
pressive treatment difficult. Many ART drugs, both PI
and NNRTI, cause instability in the blood concentration
of CNI through the cytochrome P3A4 (CYP3A4)-related
metabolism. Most PI cause the overconcentration of
CNI by inhibiting CYP3A4, while most NNRTI cause
decreased levels of CNI by stimulating CYP3A4.2%? As
mentioned earlier, RAL is introduced as a key drug in
LT in HIV positive patients, because the metabolism of
this drug is not related to CYP450, so it does not affect
the blood concentration of CNI. Several reports have

Liver transplantation for HIV/HCV co-infection 19

demonstrated both the in vitro and in vivo effectiveness
of rapamycin in reducing HIV replication,*** and Di
Benedetto etal. found that rapamycin monotherapy
was significantly beneficial in long-term immunosup-
pression maintenance and HIV control after LT.*¢
Mycophenolate mofetil is expected to be an effective
immunosuppressive drug because of its efficacy in
reducing HIV infection by both virological and immu-
nological mechanisms.*”~* Using these drugs, a more
effective regimen of immunosuppression with ART may
be established.

In regard to the steroid, several studies proposed that
a steroid-free regimen can be safely applied and effective
in LT for HCV cirthosis. Also, in HIV/HCV co-infected
patients, steroid-free protocol may be beneficial to
prevent both HIV and HCV recurrence after LT.>*'

CONCLUSIONS

IVER TRANSPLANTATION FOR HIV/HCV co-

infected patients remains challenging, but with
recent developments in perioperative management and
novel drugs for both HIV and HCV, the results are likely
to be improved.
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The central venous pressure (CVP) has been regarded as an
important factor for reducing blood loss and the blood
transfusion rate during major hepatectomy, and can
be controlled by positive end-expiratory pressure (PEEP)
or certain drugs and the optimal positioning of the patient
[1-4].

In this issue of Surgery Today, Wang et al. [5] describe
the beneficial effects of lowering the CVP for achieving a
better postoperative outcome compared with conventional
fluid management in deceased donor liver transplantation
based on a prospective randomized controlled study. They
report that the low CVP group showed (1) less intraoper-
ative blood loss, (2) a decreased need for intraoperative
blood transfusion, (3) fewer lung-related complications at
1 month postoperatively, (4) a shorter intubation period
and (5) equal patient survival at 1 year after liver trans-
plantation. A previous retrospective study showed intra-
operative blood transfusion to be a risk factor for
postoperative lung complications [6]. The present study
was done in a prospective, randomized manner, which
yielded the same results as those seen in the previous ret-
rospective study. The methods used to reduce the CVP in
the present study were the use of the Fowler position, fluid
restriction and drugs (e.g., nitroglycerin, furosemide and
somatostatin). These methods have also been used in pre-
vious studies to reduce the intraoperative CVP, and
therefore they appear to be valid for this kind of study [2].

This comment refers to the article available at
doi:10.1007/s00595-012-0419-y.
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Although the results provided in the article were of high
importance, lowering the CVP during liver transplantation
might still be controversial and may have ambivalent
aspects with regard to the lack of a relationship between the
early complication rates, including renal, hepatic and pul-
monary complications, and the CVP following liver
transplantation [7-10]. For example, apart from the
reduced pulmonary complication rate, and the lower blood
loss and blood transfusion rate, what would be the influ-
ence of lowering the CVP on the postoperative care
following liver transplantation? If blood product
administration during the intensive care period is increased,
then the policy to limit CVP during surgery would be in
vain. Therefore, the readers will also want to know: How
would the perfusion in the organ be affected? How would
the lactate level in the blood after LT be affected, not only
at the end of surgery but also during the postoperative
period? How would the post-transplant blood product
requirements be affected?

In fact, the period in which the CVP is lowered may be
of importance. For example, Feng et al. [7] reported that a
low CVP during the pre-anhepatic phase reduced the
intraoperative blood loss, protected the liver function and it
also had no detrimental effects on the renal function after
LT. On the other hand, Cywinski et al. reported that a low
CVP during the post-anhepatic phase was not associated
with any benefit in terms of immediate postoperative
allograft function, graft survival or patient survival [10]. In
addition, the cut-off value for CVP monitoring in previous
studies varied between 5 and 10 mmHg.

We therefore await further reports from other investi-
gators before drawing any definitive conclusions about the
above-mentioned issues, since liver transplant surgery,
especially partial liver transplantation, is often affected by
multiple factors [11].
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Disease recurrence plays a minor role as a cause for
retransplantation after living-donor liver transplantation for
primary biliary cirrhosis: A multicenter study in Japan
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Aim: To clarify the role of disease recurrence as a cause of
graft loss after living-donor liver transplantation (LDLT) for
primary biliary cirrhosis (PBC), we investigated explant grafts,
as well as the native liver and liver biopsy specimens, of
patients who underwent retransplantation.

Methods: Of 516 patients who underwent LDLT for PBC and
were registered in the Japanese Liver Transplant Registry,
nine patients (1.7%) underwent retransplantation.

Results: Seven patients undergoing retransplantation later
than 6 months after primary liver transplantation (LT) were
enrolled. All seven patients were female, with ages ranging
from 34-57 years, and Model for End-Stage Liver Disease
scores ranging 10-28. The right lobe was used as graft in
one and the left lobe in six. The initial immunosuppression

regimen was tacrolimus in six and cyclosporin in one. The
period between the primary LT and retransplantation ranged
11-120 months, with a median of 36 months. Three patients
survived and four patients died due to poor graft functions or
complications after retransplantation. The primary causes of
primary graft loss revealed by histological examination of the
explant livers were chronic rejection in three, portal thrombus
and/or steatohepatitis in three and outflow block in one. PBC
recurrence was observed in 3 and the stage was mild in all.

Conclusion: PBC recurrence has a small impact as a cause of
graft loss after LDLT.

Key words: histology, living-donor liver transplantation,
primary biliary cirrhosis, recurrence, retransplantation

INTRODUCTION

RIMARY BILIARY CIRRHOSIS (PBC) is a major
indication for liver transplantation (LT). Because
autoimmune mechanisms possibly contribute to the eti-
ology of PBC, the possibility of recurrence after trans-

Correspondence: Professor Hiroto Egawa, Institute of Gastroenterology,
Tokyo Women's Medical University, Tokyo, 8-1 Kawada-cho,
Shinjuku-ku, Tokyo 162-8666, Japan. Email: egawa@ige.twmu.ac.jp
Conflict of interest: none.

Received 6 August 2012; revision 9 September 2012; accepted 12
September 2012.

502

plantation and the impact on the clinical course have
been reason for considerable concern. Rates of recur-
rence have been reported to range 9-35% in deceased-
donor LT in Western countries.” In living-donor liver
transplantation (LDLT) in Japan, the rates have been
reported to range 1-40% on the basis of histological
evidence.”* However, this range is not reliable because
routine liver biopsy is not standard. Furthermore, the
impact of recurrence on the clinical course is unclear.
The proportion of grafts lost due to disease recurrence
was reported to be 2% 10 years after transplantation by
Rowe et al.” On the other hand, Charatcharoenwitthaya
et al. reported that recurrent PBC was not associated

© 2012 The Japan Society of Hepatology
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with death or retransplantation.® There have been no
reports of graft failure secondary to recurrent PBC in
Japan, either.*"

The difficulty of performing histological diagnosis of
recurrent PBC using needle biopsy specimens is a barrier
for studying the impact of recurrent PBC, although his-
tological examination is the gold standard.**'° Hetero-
geneity of histological changes is a major hurdle for
diagnosis on the basis of needle biopsy specimens. To
overcome this problem, we conducted a multicenter
study using whole hepatic grafts explanted during
retransplantation for PBC.

METHODS

F 516 PATIENTS who underwent LDLT for PBC

and who were registered in the Japanese Liver
Transplant Registry, nine patients (1.7%) underwent
retransplantation. The demographic data of the recipi-
ents and primary donors and information on the
clinical courses were obtained.

A current author (Y. N.) performed histological inves-
tigation of the native liver, the liver biopsy specimens if
present, and the explant grafts. The diagnosis of acute
cellular rejection (ACR) and chronic rejection was made
according to the Banff criteria.’™'? Staging of PBC was
based on the Nakanuma staging system.'

This study was approved by the Ethical Committee of
Tokyo Women'’s Medical University as the central office
of the multicenter study, or at each institution if neces-
sary, and it conforms to the provisions of the Declara-
tion of Helsinki (as revised in Seoul, Korea, October
2008).

RESULTS

F THE NINE patients who underwent retransplan-

tation, two died within 6 months after retrans-
plantation. One died due to graft failure secondary to
severe acute rejection and another due to small-for-size
syndrome. In both cases, we examined the clinical
courses and explanted livers, and confirmed the diag-
noses. We enrolled the remaining seven patients in this
study.

The demographic and operative data of the recipients
and primary donors and the clinical courses are shown
in Table 1. All patients were female and had histories
of pregnancies. Human leukocyte antigen DR8 was
detected in all recipients except no. 5 and in the donors
of recipients no. 3, 6 and 7. The donor was the patient’s
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husband in two cases, son in three, sister in one and
mother in one.

Primary immunosuppression was performed with
a triple regimen consisting of calcineurin inhibitor,
steroids and antimetabolites (azathioprine, mizorib-
ine) in three patients, and calcineurin inhibitor and
steroids in four patients. The calcineurin inhibitor
was tacrolimus in all patients except no. 6 in which
cyclosporin was converted to tacrolimus 1 year after
transplantation.

All patients were treated with ursodeoxycholic acid
(UDCA) and no. 1 and 7 with bezafibrate prior to
primary transplantation. All patients were given UDCA
after transplantation and only no. 3 was given bezafi-
brate transiently.

Patients 1, 4, 6 and 7 continued to complain of fatigue
even after transplantation. Postoperative complications
are shown in Table 1. The period between the primary
transplantation and retransplantation ranged 11-120
months, with a median of 36 months. Three patients
survived and four patients died due to poor graft func-
tions or complications after retransplantation.

Histological findings of the native liver, the liver
biopsy specimens and the explant grafts are summa-
rized in Table 2. The stage of PBC of the native liver
was 4 in all patients except no. 7. The primary causes
of primary graft loss were chronic rejection in three
(no. 2, 3 and 6), portal thrombus in one (no. 7), non-
alcoholic steatohepatitis (NASH) in one (no. 4), portal
thrombus and NASH in one (no. 5), and outflow
block in one (no. 1). Briefly, submassive necrosis from
ischemic etiology and liver cirrhosis of chronic conges-
tive etiology were observed in no. 1. Foamy cell arte-
riopathy, duct loss with degenerative epithelial damage
with severe cholestasis, and centrilobular and C-C and
P-C bridging fibrosis were observed in no. 2. In both
patients 4 and 5 with NASH, the stage had progressed
from stage 2 in the biopsy specimens to stage 3 in the
explanted livers." Portal vein thromboembolism and
altered intrahepatic circulation was also observed in
no. 5. Marked centrilobular necrosis and hemorrhage
with mild inflammation and fibrosis and portal ven-
opathy with repeated thromboemboli were observed
in no. 7.

Recurrence of PBC was observed in no. 2, 6 and 7 in
the specimens of on-demand needle or wedge biopsies
and confirmed in the explanted livers (Figs 1-3). His-
tological progression of PBC was very mild or mild
and the recurrence was not the main cause of graft
failure. We evaluated: (i) mononuclear inflammatory
infiltrates; (ii) formation of lymphoid aggregates; (iii)

© 2012 The Japan Society of Hepatology
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Table 1 Demographic data, operative data and clinical courses

Patient no. 2 3 4 5 6 7

Age (years) 40 34 37 47 47 57

Time from diagnosis to LT (months) 3 60 55 65 132 99

AMA 80 40 80 NA Negative 160

Anti-M2 (mg/dL) 1550 NA NA NA NA 152

IgM (mg/dL) 172.8 426 115 340 NA 524

IgG (mg/dl) 884.2 1774 1373 2921 NA 180

ANA + Negative + Negative 320 NA

Child-Pugh score 8 11 12 12 14 10

MELD score 11 17 24 22 28 11

Primary donor

Relation Mother Husband Sister Son Son Son

Age (years) 60 34 47 19 20 23

Sex Female Male Female Male Male Male

Operative variables

Blood type combination Identical Identical Compatible Compatible Compatible Identical

GRWR 0.95 0.88 0.77 1.07 0.58 0.90

Graft type Right Left Left Left Left Left

Operation time (min) 550 665 615 730 680 870

Cold ischemic time (min) 38 56 53 111 95 131

Warm ischemic time (min) 44 33 40 38 45 41

Blood loss (g) 2470 850 10320 6190 8005 4500

Postoperative complications Hemoperitoneum, Biliary stenosis, Chronic ACR ACR Artery-  Biliary leakage  Portal vein
biliary stenosis, ACR, EBV rejection portal and stenosis thrombosis

infection shunt

Time of retransplantation (months) 24 36 88 120 20 11

Outcome of retransplantation Dead (49 days) Alive Dead (59 days) Alive Alive Dead (15 days) Dead (284 days)

Causes of death Lung bleeding Graft failure Graft failure Graft failure

ACR, acute cellular rejection; AMA, antimitochondrial antibody; ANA, antinuclear antibody; EBV, Epstein-Barr virus; GRWR, graft recipient weight ratio; Ig,
immunoglobulin; LT, liver transplantation; MELD, Model of End-stage Liver Disease; NA, not applicable.
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Table 2 Histological findings of the native liver, biopsy specimens and explanted liver

Patient no.

PBC staging of native

livers

Stage

N e e O

NN N~ O

F N NN oo

Bile duct loss

Fibrosis

3
1

0

Orcein deposition
Hepatitis activities

Cholangitis activities
Needle biopsies

ACR at

No biopsy

rPBC (cholangitis

PBC (cholangitis)

Suspected rPBC No biopsy

Congestion

9 months

and granuloma)
and NASH at
90 months

PVT and NASH

and NASH at
71 months

(duct loss and
hepatitis) at

at 6 months

20 months
Chronic rejection

PVT

Chronic

NASH

Chronic

Outflow block

Main diagnosis

rejection

Mild (focal duct loss and ~ No

rejection

No

No

Mild (focal duct damage

Mild (mild chronic

No

PBC recurrence

portal inflammation)

and portal fibrosis)

cholangitis)

ACR, acute cellular rejection; NASH, non-alcoholic steatohepatitis; PVT, portal vein thrombosis; rPBC, recurrence of PBC.
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epithelioid granuloma; and (iv) bile duct damage
according to Neuberger's criteria for the diagnosis of
recurrent PBC based on liver histology.' In patient no.
2, biopsy showed (i) and (iv) (probable recurrence)
and the explanted liver showed (i), (ii) and (iv) (defi-
nite recurrence); in no. 6, biopsy showed (i), (ii) and
(iv) (definite recurrence), and the explanted liver
showed (i), (ii) and (iv) (definite recurrence); and in
no. 7, biopsy showed (i), (iii) and (iv) (definite recur-
rence), and the explanted liver showed (i), (ii) and (iv)
(definite recurrence).

Case report of three patients with
histological diagnoses of recurrent PBC

Patient no. 2 had refractory ACR requiring steroid pulse
therapy on postoperative day (POD) 12, 36, 43, 97, 103,
420 and OKT3 monoclonal antibody on POD 434.
Liver dysfunction associated with biliary dilatation
developed 20 months after LDLT and we performed
hepaticojejunostomy and wedge liver biopsy, which
revealed suspected recurrence of PBC. Immunosuppres-
sion consisted of tacrolimus (3.0 mg/day), steroid
(5 mg) and mizoribine (50 mg). Immunoglobulin M
was 136, antimitochondrial antibody (AMA) 80 and
anti-M2 152 mg/dL. Aggressive liver failure developed
despite increased immunosuppression thereafter. She
underwent retransplantation 24 months after LDLT.

In patient no. 4, alkaline phosphatase (ALP) began to
increase 65 months after LDLT and liver dysfunction
developed thereafter. Liver biopsy was performed 71
months after LDLT. Immunosuppression consisted of
tacrolimus (2.0 mg/day) and steroid (5 mg). Aspartate
aminotransferase (AST) was 44, ALP 432, ¥-
glutamyltransferase (y-GT) 17, total bilirubin 1.7 mg/
dL, AMA 80 and AMA-M2 155 mg/dL. Tacrolimus was
changed to Neoral (Cyclosporine; Novartis, Basel,
Switzerland), and mycophenolate mofetil (MMF)
(2000 mg/day) was added. Ascites developed 1 year
after and liver failure developed. She underwent retrans-
plantation 88 months after LDLT.

In patient no. 5, liver dysfunction developed (AST,
82 TU/L; ALP, 685 IU/L) 50 months after LDLT and was
successfully treated with steroid pulse therapy. Liver
dysfunction developed and liver biopsy was performed
90 months after LDLT. Total bilirubin was 1.2 mg/dL,
AST 57 IU/L, ALP 585 IU/L and y-GT 48 IU/L. AMA and
M2 were not measured. Immunosuppression consisted
of tacrolimus only (4.0 mg/day), and MMF (2000 mg)
was added thereafter. Portal hypertension started to
develop. Radiological examinations yielded a diagnosis
of artery-portal shunt of segment 3 of the graft. Shunt

© 2012 The Japan Society of Hepatology
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occlusion using metallic coils failed and led to liver
failure. She underwent retransplantation 120 months
after LDLT.

DISCUSSION

ISTOLOGICAL EXAMINATION IS the gold stan-

dard for recurrent PBC. Hubscher et al. reported
the histological features to be mononuclear portal
inflammation, portal lymphoid aggregate, portal granu-
lomas and bile duct damage.’ These findings are
observed also in complications other than recurrent
PBC. Lymphoid aggregate can be observed in chronic
hepatitis, and bile duct damage and/or vanishing bile
duct can be observed in chronic rejection or in the end
stage of chronic cholangitis. Foamy cell arteriopathy,
which is another specific feature of chronic rejection, is
seldom observed on needle biopsy. Duct loss without
portal granuloma suggests chronic rejection. The current
study focusing on explanted allografts was conducted to
avoid these uncertain factors.

Recently, late cellular rejection, chronic hepatitis, and
de novo autoimmune hepatitis were discussed as causes
of late liver allograft dysfunction.'® Haga et al. reported
perivenular lymphoplasmacytic infiltration in a case of
their series, which simulated autoimmune hepatitis

© 2012 The Japan Society of Hepatology
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Figure 1 Histological findings of
patient no. 2. (a) Wedge liver biopsy at
postoperative month 20. Suspected
recurrence of primary biliary cirrhosis
(PBC) with bile duct loss and mild
lobular and portal hepatitis. (b) Second
explant liver (allograft). Suspected
recurrence of PBC with moderate portal
hepatitis and minimal bile duct damage
(hematoxylin-eosin, original magnifi-
cation x200).

rather than typical PBC. In our series, ANA was strongly
positive prior to primary transplantation in two patients
but there were no such findings.

The incidence of recurrent PBC increased along with
long-term follow up. Montano-Loza et al. studied the
cumulative probability of PBC recurrence after LT."
Their histological study was not based on protocol
biopsy. The overall 5- and 10-year probability of recur-
rence was 13% and 29%, respectively, in their series.
They analyzed risk factors for recurrence and the clinical
impacts. Although PBC transplant recipients receiving
cyclosporin have a lower risk of disease recurrence, the
development of recurrent PBC had no impact on long-
term patient survival during 10 years of follow up. The
incidence in LDLT based on protocol biopsy was 40%
during 10 years of follow up.® Besides the increasing
incidence, progression of recurrent PBC is still a
concern, although progression of recurrent PBC was
slow within 10 years of follow up in our series. In Japa-
nese registries of LT, some cases of mortality after 10
years have been reported but information about their
causes is not available.'® A precise study of these cases is
required to reveal the risks including recurrence in long-
term follow-up.

Protocol biopsies for early diagnosis of recurrent PBC
may not be essential to improve clinical courses of

Figure 2 Histological  findings of
patient no. 4. (a) Needle liver biopsy at
postoperative month 71. Recurrence of
primary biliary cirrhosis (PBC) with
non-suppurative cholangitis and mod-
erate portal hepatitis and fibrosis. (b)
Second explant liver (allograft). Sus-
pected recurrence of PBC with focal
duct damage and portal inflammation
(hematoxylin-eosin, original magnifi-
cations: [a] x150; [b] x200).
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Figure 3 Histological findings of
patient no. 5. (a) Needle liver biopsy
at postoperative month 90. Recurrence
of primary biliary cirrhosis (PBC) with
focal cholangitis and epithelioid
granuloma. (b) Second explant liver
(allograft). Suspected recurrence of PBC
with bile duct loss and portal inflam-
mation (hematoxylin-eosin, original
magnifications: [a] x250; [b] x200).

patients after LT for PBC. Timely biopsies and suitable
radiological examinations, when hepatic chemistries
deteriorate, are important to improve the clinical course
within 10 years after transplantation.
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Summary

Although some reports have shown the safety and efficacy of conversion from Prograf
to Advagraf in liver transplantation, there have been no reports showing the change
of immune function after conversion. The aim of this study is not only to analyze the
safety and efficacy of conversion from Prograf to Advagraf, but also to evaluate the
immune function using the ImmuKnow assay.

Of the 168 living donor liver transplantation (LDLT) patients, 21 recipients whose
liver function was stable after discharge in outpatient clinic and who agreed to con-
version from Prograf to Advagraf were enrolled in this study. Liver, renal, and im-
mune functions were retrospectively reviewed.

There were no significant differences in liver and renal function after conversion
from Prograf to Advagraf. The intracellular adenosine triphosphate levels before
and after conversion were 263+157 and 256+133 ng/ml, respectively, and there was
also no significant difference in immune function. None of the recipients showed
adverse effects, rejection, or severe infection during the study. It should be further
noted that none of the recipients had to increase the dose of Advagraf, while five of
21 recipients (24%) were able to reduce the dose of Advagraf during this study.

Conversion from Prograf to Advagraf in LDLT can be performed safely and effec-
tively without affecting liver, renal, and immune function.
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BACKGROUND

Immunosuppressive therapy is essential to pre-
serve graft function in solid organ transplant
recipients [1]. Prograf (Astellas Pharma, Inc.),
which is a calcineurin inhibitor developed as
an oral twice-daily medicine containing tacroli-
mus, has been the standard therapeutic regimen
all over the world [2]. However, the oral twice-
daily regimen has led to non-compliance, and
non-compliance causes life-threatening rejec-
tion and late graft dysfunction [3,4]. To prevent
this, Advagraf (Astellas Pharma, Inc.), a modified
tacrolimus formation, was developed as an oral
once-daily medicine. At present, conversion to
Advagraf therapy has been accepted in various
stable organ transplant recipients [5-11].

However, there have been no reports that show
the actual changes of immune function after
conversion. The ImmuKnow assay (Cylex™
ImmuKnow®-the Cylex Immune Cell Function
Assay, Cylex, Inc., USA), which was approved
by the Food and Drug Administration in 2002,
has been shown to be capable of directly meas-
uring the global immune response, especially
T-cell-mediated immunity in transplant recipi-
ents. This assay has been shown to reliably dis-
tinguish between immune profiles of overimmu-
nosuppression and underimmunosuppression
and has been reported to be a convenient, non-
invasive, in vitro assay, and to be effective as an
immune monitoring tool for organ transplant
recipients [12,13]. The aim of this study is to an-
alyze the safety and efficacy of conversion from
Prograf to Advagraf using not only liver and re-
nal function but also immune function using
the ImmuKnow assay.

MATERIAL AND METHODS

Patients

A total of 168 recipients underwent living do-
nor liver transplantation (LDLT) from August
1997 to September 2011 at Nagasaki University
Hospital. Of these recipients, 21 who underwent
conversion from Prograf to Advagraf were en-
rolled in this study. They included 13 men and
8 women, with a median age at transplantation
of 59 (range, 2-73). Original diagnoses includ-
ed 3 hepatitis C virus (HCV) cirrhosis, 7 hepatitis
B virus (HBV) cirrhosis, 5 alcoholic liver cirrho-
sis, and 6 others. Of these patients, 8 had hepa-
tocellular carcinoma. The characteristics of the
patients are shown in Table 1.

Table 1. The characteristic of the recipients.

Variable Recipients (n=21)
Gender (male: female) 13:8
Age 59(2-73)

HBV-LC: 2
HBV-LC/ HCC: 5

Original diagnosis* HCV-LC/HCG 3

AlcoholicLC: 5

BA: 4

FHF: 2
Duration between LDLT and conversion 33(7-171)
(months)
Duration after conversion (months) 8(3-29)
Dose of Advagraf at conversion (mg/day) 2 (1-4)

* HBV — hepatitis B virus; HCV — hepatitis C virus; LC — liver cirrho-
sis; HCC — hepatocellular carcinoma; BA — biliary atresia; FHF — ful-
minant hepatic failure.

Protocol of immunosuppressant

The baseline protocol of immunosuppressants
consisted of Prograf and steroids. The steroids
were discontinued three to six months after
staged reduction, as long as the liver function
was stable without rejection. Prograf was initiated
at the dose of 1 mg twice a day after transplanta-
tion, and regulated to adjust the desired tacroli-
mus trough level, 10-15 ng/ml within one month
after transplantation and 5-10 ng/ml thereafter.
In the outpatient clinic, Prograf was gradually
reduced as long as the liver function was stable,
and maintained at a minimal dose to prevent
both adverse effects and rejection. The indica-
tions of the conversion were that liver functions
had been stable for at least the three previous
months in the outpatient clinic before conver-
sion and that the recipient’s fully informed con-
sent to conversion was given. The initial dose af-
ter conversion to Advagraf started with the dose
equivalent to the dose of Prograf at conversion.

Laboratory evaluation

Tacrolimus trough (Tac), total bilirubin (T-Bil),
alanine aminotransferase (ALT), estimated
Glomerular Filtration Rate (eGFR), serum cre-
atinine (Cr), and fasting blood sugar (FBS) lev-
els were recorded just before conversion and at
the last follow-up and evaluated retrospectively.

The ImmuKnow assay
The immune function was evaluated using

Cylex™ ImmuKnow®-the Cylex Immune Cell
Function Assay (Cylex, Inc. USA). This assay
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Figure 1. The change of the tacrolimus trough level before and af-
ter conversion. Tac levels before and after conversion were
3.942.4 and 3.5+2.1 ng/ml, respectively and there was
no significant difference in Tac.

was performed according to the manufacturer’s
protocol [14]. A whole blood sample was col-
lected from each recipient just before conver-
sion and at the last follow-up. The blood sam-
ple was collected into an 8-ml sodium heparin
vascutainer tube and tested within 10 hours.
The whole blood was diluted with a sample dil-
uent, added to a microtiter plate well, and in-
cubated with phytohemagglutinin for 15 to 18
hours in a 37°C, 5% CO, incubator. The follow-
ing day, CD4+ cells were positively selected with-
in the microwells with magnetic particles coat-
ed with anti-human CD4 monoclonal antibody
(Dynabeads, Dynal, Oslo, Norway) and a strong
magnet (model 1050 magnet tray, Cylex, Inc.,
Columbia, MD) and washed to remove residual
cells. A lysing reagent was added to release in-
tracellular adenosine triphosphate (ATP). A lu-
ciferin/luciferase mixture was then added to
the cell lysate. Within 10 minutes after the addi-
tion of the enzyme, released ATP was measured
with a GloRunner™ Microplate Luminometer
(Turner Biosystems CA).

A B
] ALT mg/dl T-Bil

120 35
NS

25 4
80
60
40

20

Statistical analysis

Results for continuous variables were expressed
as the median (range). Data for continuous var-
iables were compared using the Mann-Whitney
U test. We set statistical significance at p<.05.

RESULTS

Change in Tac level and liver functions after
conversion.

As shown in Figure 1, the Tac levels before and
after conversion were 3.9+2.4 and 3.5+2.1 ng/ml,
respectively, and there was no significant differ-
ence in Tac. Figure 2 shows liver function. The
serum ALT levels before and after conversion
were 25x13 and 25+19 IU/], respectively, and
the serum T-Bil levels were 0.9+0.5 and 30.9£0.5
mg/dl, respectively. There was no significant dif-
ference in liver function.

Change in renal functions and FBS levels after
conversion

Figure 3 shows renal function and FBS level. The
serum eGFR levels before and after conversion
were 66.8+29.0 and 64.1+27.8 ml/min/1.73 m?,
the serum Cr levels were 0.87+0.23 and 0.82+0.27
mg/dl, and the serum FBS levels were 92+32 and
93+35 mg/dl, respectively. There was no signif-
icant difference in renal function or FBS level.

Change in ATP levels after conversion

Figure 4 shows the immune function. The ATP
levels before and after conversion were 263+157
and 256+133 ng/ml, respectively. There was also
no significant difference in immune function.
In addition to these results, none of the recipi-
ents showed adverse effects, rejection, or severe

Figure 2. The change of liver functions before and
after conversion. (A) Serum ALT levels be-
fore and after conversion were 25+13
and 2519 1U/1, respectively. (B) Serum
T-Bil levels were 0.9+0.5 and 30.9+0.5
mg/dl, respectively. There was no signif-
icant difference in liver function.
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After
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Figure 3. The change of renal functions and FBS before and after conversion. (A) Serum eGFR levels before and after conversion were 66.84:29.0
and 64.1+27.8 ml/min/1.73 m?, respectively. (B) Serum Cr levels were 0.87--0.23 and 0.82::0.27 mg/d|, respectively. (C) Serum FBS
levels were 92432 and 93135 mg/dl, respectively. There was no significant difference in renal functions or FBS level.

ng/ml
900 NS

800
700
600
500
400 -
300
200
100

Immune response (ATP ng/ml)

Before After

Figure 4. The change of immune function before and after conver-
sion. ATP levels before and after conversion were 263157
and 256133 ng/ml, respectively. There was also no sig-
nificant difference in immune function.

infection during the study. It should also be not-
ed that none of the recipients had to increase
the dose of Advagraf, and five of the recipients
(24%) could reduce the dose of Advagraf with-
out rejection during this study.

DiscussIoN

Although some reports have shown the safety and
efficacy of conversion from Prograf to Advagraf
with regard to liver and renal function [8-11],
the actual immune function has not yet been clar-
ified. Liver transplantation has been the standard
therapeutic option for end-stage liver diseases and
reduces the mortality and morbidity of end-stage
liver diseases as reflected in the 1- and 5-year sur-
vival rates [15-17]. This is mainly the result of im-
proved immunosuppression due to the introduc-
tion of a calcineurin inhibitor. Prograf was the

immediate-release form of tacrolimus and the oral
twice-daily medicine used to prevent various com-
plications in solid organ transplantations and has
been accepted as the standard therapeutic regi-
men all over the world [2,18,19]. However, the esti-
mated rates of nonadherence to immunosuppres-
sive regimens in solid organ transplant recipients
range from 15 to 55% [15-17]. Nonadherence has
been identified as a leading cause of preventable
graft loss [3,4]. It has been proposed that simpler
dosing regimens, such as an oral once-daily reg-
imen, may help to improve adherence in trans-
plant recipients [20]. In fact, the prolonged-re-
lease form of tacrolimus (Advagraf) was developed
as an oral once-daily medicine, and some data
have shown that an oral once-daily regimen was
associated with an increased likelihood of patient
adherence compared with an oral twice-daily reg-
imen [21]. Some reports have evaluated liver and
renal function before and after conversion and
have shown that the conversion can be applied to
liver transplant recipients [8-11]. This study was
also able to suggest that conversion does not af-
fect liver and renal function, which is consistent
with previous reports.

Additionaliy, we adapted the ImmuKnow assay
to evaluate of the actual immune function. This
assay was approved by the US Food and Drug
Administration in 2002 for measuring CD4+ T cell
immunity [5]. A meta-analysis by Kowaski et al. re-
ported that this assay was useful in monitoring the
immune response and assessing the relative risk of
infection and rejection [6]. However, no reports
have evaluated the safety and efficacy of conver-
sion from Prograf to Advagraf with regard to im-
mune function using this assay. As a result, there
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was no significant difference in immune function
before and after conversion; this result suggested
that conversion also did not affect immune func-
tion. In addition, it was important that none of the
recipients showed adverse effects, rejection, or se-
vere infection and none had to increase the dose
of Advagraf, while five of 21 recipients (24%) were
even able to reduce the dose of Advagraf during
this study. In our policy of immunosuppression,
especially in long-term cases, we reduce and main-
tain the dose of immunosuppressant as long as pos-
sible, keeping the lowest level of tacrolimus need-
ed to prevent rejection. According to the results of
this study, Advagraf might be a feasible treatment
for avoiding an overdose of tacrolimus.

CONCLUSIONS

This study suggested that the conversion of
Advagraf can be safely and effectively applied to
stable LDLT recipients without affecting liver, re-
nal, and immune function.
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