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Fig. 3 Comparison of serial platelet counts (a) and TPO levels
(b) between the two groups classified on the basis of platelet count on
POD14. *#* vs. LP group p < 0.01

the levels, which on preoperative day were significantly
higher than those in the HP group, were significantly
(p = 0.04) increased on POD14 and decreased to the pre-
operative levels on POD28, showing the levels similar to
those in the patients without splenectomy of the HP group
(Fig. 6).

Changes in ADAMTSI3 activity, VWF antigen level
and VWF/ADAMTS13 ratio in HP group

with or without splenectomy and LP group

with or without splenectomy

In HP group, there were no significant differences between
the patients with and without splenectomy on ADAMTSI13
activity, VWF antigen level, and VWF/ ADAMTS13 ratio
within POD14 (Fig. 7). On POD28, ADAMTS13 activity
in HP group with splenectomy gradually decreased and
those in HP group without splenectomy gradually increased
after LDLT. ADAMTS13 activity on POD28 in HP group
with splenectomy was lower than without splenectomy,
although there were no statistical differences between the
two groups by ¢ test with the Bonferroni’s correction
(rough p value; p = 0.01). VWF antigen level in HP group
with splenectomy was significantly higher than those in HP
group without splenectomy (p = 0.02). VWF/ADAMTS13
ratio increased after LDLT until POD14 and decreased on
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Fig. 4 Comparison of serial ADAMTSI13 activity (a), VWF antigen
level (b), and VWF/ADAMTSI13 ratio (¢) between the two groups
classified on the basis of platelet count on POD14. ** vs. LP group
p < 0.01. VWF/ADAMTS13 ratio were lower in the HP group than in
the LP group, although there were no statistical differences between
the two groups by ¢ test with the Bonferroni’s correction (rough
p <0.01 (#) on POD 7.14 and 28)

POD28 between each groups and there was no significant
difference on VWF/ADAMTS13 ratio on POD28.

On the other hand, in LP group, there were no significant
differences on ADAMTSI13 activity, VWF antigen level,
and VWF/ADAMTSI13 ratio after LDLT between LP
group with splenectomy and without splenectomy. AD-
AMTSI13 activity decreased significantly after LDLT on
the each groups.

Discussion

Splenectomy increases platelet counts almost unexcep-
tionally, because it removes the major site of platelet
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Table 4 Risk factors for postoperative thrombocytopenia on POD14

Univariate analysis Multivariate
(n = 65) analysis
Correlation 14 Regression p
coefficients coefficient
Preoperative factor
C-P score -0.445 <0.001 —0.088 0.632
MELD score —0.309 0.012 0.053 0.296
Platelet 0.362 0.003 0.032 0.829
AT (M) 0.379 0.003 0.417 0.002
Postoperative factor (POD 14)
TB (mg/dD) —0.430 <0.001 —0.171 0.244
PT-INE —0.324 0.010 0122 0352
AT (%) 0.431 <0.001 0212 0.137
ADAMTSI13 (%) 0.416 0.001 0.331 0.011

Bold values indicate statistically significant differences

C-P Child-Pugh score, MELD modified end-stage liver disease, AT

antithrombin, TB total bilirubin, PT-INR prothrombin time interna-
tional normalized ratio, ADAMTSI3 a disintegrin and metallopro-
teinase with a thrombospondin type 1 motifs 13

destruction and reduces antibody production, resulting in
prolonging the platelet survival times [21]. In addition,
postsplenectomy transient thrombocytosis occurs and
‘unusually reaches a maximum level on POD14. Although
the precise mechanism of transient thrombocytosis remains
unclear, Ichikawa et al. [22] pointed out the role of TPO
which is catabolized by platelets within the spleen: serum
TPO levels after splenectomy reached the maximum levels
on POD 3-5 followed by significant reduction, which in
turn caused transient thrombocytosis on POD14. On the
other hand, it was reported that splenectomy after LDLT
showed the peak platelet counts on POD28 [2, 3]. Our
study also showed that the platelet counts after splenec-
tomy in the operation other than LDLT significantly
increased on POD7 and reached a maximum on POD14. In
LDLT, however, the platelet counts remained low levels
until POD7 and significantly increased on POD14 regard-
less of splenectomy, not showing peak level on POD14
even after splenectomy. Therefore, we focused on the
mechanism of the delayed recovery of the platelet counts in
LDLT patients regardless of splenectomy.
Thrombocytopenia during early period after LT is a
common phenomenon and its mechanism has been thought
to be the sequestration of platelets in the graft liver, which
is due to local thrombin generation and platelet aggregation
[23]. The grafted liver is injured before extraction, by cold
preservation, by hypoxic rewarming, and/or upon reperfu-
sion. Within the injured graft liver, especially SEC injury
plays an important role of the platelet aggregation [24-27].
In our study, early thrombocytopenia after LDLT was
_gradually recovered within 14 days. However, the problem
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was the delayed recovery of the platelet counts, that is,
prolonged thrombocytopenia.

The previous studies demonstrated the relationship
between low platelet counts and patient survival after LT
[13-16]. In 1992, McCaughan et al. were the first to report
that thrombocytopenia on POD14 after LT was associated
with patient survival: platelet counts in nonsurvivors were
significantly lower than those in survivors (88 x 10% vs.
174 x 10%/ul; p < 0.01). Furthermore, they reported that
graft liver dysfunction was the most independent predictor
of the nadir platelet counts after LT, although the exact
mechanisms of thrombocytopenia remained uncertain. In
our present study, the platelet counts of <100 x 10%/ul on
POD14 was a strong predictor of patient survival after
LDLT. Furthermore, we analyzed the risk factors associ-
ated with thrombocytopenia on POD14, focusing on a
change of ADAMTS13 activity and VWF antigen level. In
the univariate analysis, the risk factors were C-P and
MELD scores, preoperative platelet count, preoperative AT
levels, postoperative (POD14) TB levels, PT-INR, AD-
AMTS13 activity, and AT levels. The multivariate analysis
revealed that preoperative AT levels and postoperative
ADAMTSI13 activity on POD14 were independent risk
factors.

It is known that the patients with low ADAMTSI13
activity and an increased VWF/ADAMTSI13 ratio have a
tendency towards platelet thrombus formation [28]. In
sepsis-associated thrombocytopenia, VWF increases by
releasing from endothelial cells and platelets with response
to the systemic inflammation, and then ADAMTSI3
activity decreases due to consumption by cleaving VWF
multimur [29]. The dysbalance between ADAMTSI13
activity and VWF antigen level is negatively correlated
with platelet count and positively correlated with the
severity of inflammation and the degree of organ failure.

As for LT, there have been few reports focusing on
ADAMTSI13 activity and VWF antigen level [4, 30-33].
We previously reported that ADAMTS13 activity signifi-
cantly decreased after LDLT and that there was the asso-
ciation with thrombotic microangiopathy (TMA) like
syndrome. However, our previous study did not investigate
how the decreased platelet count could be related to AD-
AMTSI13 activity, graft function, or patient survival.
Pereboom et al. [31] revealed that the patients undergoing
LT had persistently elevated levels of VWE antigen and
concomitantly acquired a deficiency of ADAMTS13 by
examining plasma levels of VWF and ADAMTS13 during
and after DDLT in 20 patients: 30 min after induction of
anesthesia, 30 min after the start of the anhepatic phase,
30 min after reperfusion, at the end of surgery and at days
1, 5, and 10 after surgery. ADAMTS13 activity steadily
decreased during the transplantation, with nadir levels at
the end of surgery, followed by immediate recovery within

- 419 -



ADAMTS13 and thrombocytopenia after LT 425
Fig. 5 Correlation between (a) 500 - (d) GO0 °
PLT and TB/PT-INR, - -0.43 r= - 0.07
ADAMTSI13 and TB/PT-INR, 2 soo R e o . -
and TPO levels and TB/PT-INR o0 2 oo
on POD14. The Open circles = 9 * > o °0°,
desi e - 200 - 300 »%
esignate patients who died = b .
within 6 months of LT 200 0% = 200 4 . e L, o
o N ., ° - o3
TR o) . . G yo0 4
o %0 % oD 40 o . o
o[ 7. @ Oy .
o ¥ T T T T §:‘§"~'"—1 0 T Ml T T
0 g 10 1€ 20 3 0 35 05 1 1.8 2 R
PT-INR
(b) (e) 100
:»% g 30 4 : -
% = * 0 r= - 0,08
= B 40 *N%e” o
g > E . “Q‘?O o
<< o " L]
L ‘ (P4 o
O TR 7 TP D -
o 5 10 18 20 IF 30 3 .8 ! 18 2 28
T-Bil (mg/dl) PT-INR
(0)1400 r (f) 1400 r= 0.37
12004 o . r=0.33 1200 4+ ° »
) 1000 4 o 1000
g o E o
= zon ~ goo L
x ’ o g . ©
g G004 o =00 4 o
te E *t P
<40 oo 3
00 ’:‘? o 400 e.% % ° o e
200 * 0 1 & *”
® o . ~ Q. ‘0 L]
)
0 . | o ? P , ,
0 10 20 0 <0 05 1 1.5 2 kR
T-Bil {ma/di) PT-INR

5 or 10 days. On the contrary, VWF antigen level
decreased at the end of surgery, and persistently elevated
levels of VWF antigen. Therefore, they speculated that
VWE/ADAMTS13 dysbalance could easily flip toward a
thrombogenic state and might contribute to the risk of
perioperative thrombotic complications. However, they did
not examine the VWF/ADAMTS13 ratio, platelet count,
and graft function.

Our present study also examined serial changes of AD-
AMTS13 activity, VWF antigen level, and VWF/ADAM-
TS 13 ratio in the 65 recipients, paying special attention to the
platelet counts on POD14. In the HP group, similarly to
Pereboom’s report, ADAMTS13 activity significantly
decreased on POD1 and thereafter increased gradually after
LDLT. In the LP group, however, ADAMTSI13 activity
remained lower level and did not show any increase until
POD28. The VWF/ADAMTS13 ratio in the LP group was
higher than that in the HP group, although there were no
statistical differences between the two groups by ¢ test with
the Bonferroni’s correction (rough p value on POD7, 14, and

28;p = 0.02,p = 0.03, p = 0.02, respectively), suggesting
that the patients in the LP group had a tendency toward a
thrombogenic state. On the other hand, as of the liver func-
tion tests, TB level and PT-INR on POD14 were significantly
higher in the LP group than in the HP group, and moreover
TB levels on POD14 showed a significant negative correla-
tion to ADAMTSI3 activity. Taking these results into
account, although the mechanisms of thrombocytopenia
after LDLT may be multifactorial, we considered that the
decreased production of ADAMTS13 in the graft, which
seemed to reflect graft dysfunction, under the circumstances
of persistently elevated VWF may be one of the causes of
prolonged thrombocytopenia after LDLT as shown in the LP
group. These conditions were similar to TMA like syndrome,
although all of the patients in the LP group did not match the
criteria of TMA like syndrome [34].

Because prolonged thrombocytopenia in cirrhotic
patients is commonly associated with hypersplenism, we
furthermore examined the data in the HP and LP groups
with or without splenectomy. In the LP group, the platelet
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Fig. 6 Comparison of serial
platelet counts between the two
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counts and ADAMTS13 activity remained low until
POD28 regardless of splenectomy, while VWE/ADAM-
TS13 ratio significantly increased until POD28 regardless
of splenectomy. These results suggested that the main
cause of prolonged thrombocytopenia was not sequestra-
tion of platelets in the spleen, but VWF/ADAMTS13
dysbalance. In the HP group, the platelet counts signifi-
cantly increased especially after splenectomy, and AD-
AMTS13 activity in the patients without splenectomy
gradually increased after LDLT, while that in those with
splenectomy decreased gradually. VWEF/ADAMTS13 ratio
in the patients without splenectomy remained low, while
that in those with splenectomy increased significantly
compared to the preoperative data, showing no significant
difference between the patients with or without splenec-
tomy. Although the reason why ADAMTS13 activity in the
HP group gradually decreased after splenectomy remained
unclear, we speculated that ADAMTS13 produced in the
graft had been gradually consumed in the peripheral blood
to overcome significantly increased platelet counts.

TPO, which is produced at a constant rate mainly in the
normal hepatocytes [35], has been known as the primary
regulator of platelet [36, 37], and a steady-state amount of
TPO is regulated by thrombopoietin receptor present on
platelets [38]. TPO receptor agonists have recently been
developed for treatment of idiopathic thrombocytopenic
purpura [39]. After TPO is binding to platelets, the receptor—
ligand complex undergoes internalization and the bound
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TPO is degraded [40, 41]. In the patients with normal liver
function, when the platelet counts significantly decrease in
the circumstances such as massive bleeding, TPO levels
significantly increase, resulting in the production of platelet
by megakaryocytes. In our study, TPO levels on POD14
were significantly higher in the LP group than in the HP
group, while those on POD2S8 in the LP group were signifi-
cantly decreased, showing the levels similar to the HP group,
despite the low platelet levels. It was considered that a
constant production of TPO in the hepatocyte was preserved
in the LP group on POD14, while on POD2S8 its production
was significantly impaired, suggesting graft dysfunction.
Although the reason why preoperative TPO levels were
significantly higher in LP group than in HP group remained
unclear, preoperative low platelet counts in LP group may be
associated with high TPO levels. Taking the results of TPO
levels and VWEF/ADAMTS13 ratio together, it was sug-
gested that the cause of thrombocytopia was different
between PODs 14 and 28: the former could be interpreted as
a thrombotic tendency with the decrease in ADAMTSI13
levels due to SEC injury, while the latter could be done as not
only the decrease of ADAMTSI13, but also low TPO pro-
duction due to hepatocyte dysfunction.

In conclusion, low platelet count as <100 x 103/uL on
POD14, which means prolonged thrombocytopenia after
LDLT, was the strong predictor of survival regardless of
splenectomy, and it was furthermore considered that pro-
longed thrombocytopenia after LDLT was associated with
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Fig. 7 Comparison of serial ADAMTSI3 activity, VWF antigen
level, and VWF/ADAMTSI3 ratio between the two groups after
LDLT with or without splenectomy in the HP group (a) and LP group
(b). * vs. with splenectomy p < 0.05, ADAMTSI3 activity were

not only the decrease of ADAMTS13 due to sinusoidal
endothelial cell injury, but also low TPO production due to
hepatocyte dysfunction. In the present study, however, the
frequency of septic death in the LP group was significantly
higher, and; therefore, in these patients, the presence of
sepsis might be additionally associated with the decrease in
ADAMTSI13 activity and prolonged thrombocytopenia.
Consequently, the patients with prolonged thrombocyto-
penia are in greater need of organ support as well as
aggressive infection control measures.
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A national survey of pregnancy outcomes after living donor liver transplantation (LDLT) was performed in Japan. Thirty-
eight pregnancies in 30 recipients resulted in 31 live births (25 recipients), 3 artificial abortions in the first trimester (3 recipi-
ents), 1 spontaneous abortion (1 recipient), and 3 fetal deaths (3 recipients). After the exclusion of the 3 artificial abortions,
there were 35 pregnancies in 27 recipients: pregnancy-induced hypertension developed during 6 pregnancies (5 recipients),
fetal growth restriction developed during 7 pregnancies (6 recipients), acute rejection developed during 2 pregnancies (2
recipients), and ileus developed during 1 pregnancy (1 recipient). Preterm delivery (<37 weeks) occurred for 10 pregnan-
cies (10 recipients), and cesarean delivery was performed for 12 pregnancies (12 recipients). After delivery, acute rejection
developed in 3 recipients. Twelve neonates were born with low birth weights (<2500 g), and 4 of these 12 neonates had
extremely low birth weights (<1500 g). Two neonates had congenital malformations. The pregnancy outcomes after LDLT
were similar to those reported for cadaveric liver transplantation (LT). The incidence of pregnancy-induced hypertension in
recipients who were 33 years old or older at the diagnosis of pregnancy was significantly higher than the incidence in recipi-
ents who were less than 33 years old at the diagnosis of pregnancy. The incidences of fetal growth restriction, pregnancy-
induced hypertension, and extremely low birth weight were significantly higher in the early group (<3 years after transplan-
tation) versus the late group (>3 years after transplantation). In conclusion, it is necessary o pay careful attention to com-
plications during pregnancy in recipients who become pregnant within 3 years of LT, particularly if the age at the diagnosis
of pregnancy is >33 years. Liver Transpl 20:576-583, 2014. © 2014 AASLD.

Received October 13, 2013; accepted January 18, 2014.

The number of patients undergoing liver transplanta-
tion (LT) has increased; therefore, the number of
women of reproductive age undergoing LT has also
increased. In the United States, recipients who
become pregnant after organ transplantation are reg-
istered, and their statistics are regularly reported.'™®
Many studies concerning pregnancy after LT have

been reported by the UK Transplant Pregnancy Regis-
try and transplantation centers.®2? Recent case-
control studies and meta-analyses have shown that
LT recipients and their infants have an increased risk
of obstetric complications, although most pregnancy
outcomes are favorable.?>?* Although the pregnancy
outcomes for some recipients after living donor liver
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' 38 pregnancies (30 recipients) l

[ Artificial abortion: 3 pregnancies™ I

L35 pregnancies (27 recipients) '

Spontaneous abortion: 1 pregnancy
Fetal death: 3 pregnancies™

Live birth
31 pregnancies (25 recipients)

Figure 1. Subjects of this study. *In one recipient, artificial
abortion was performed at the first pregnancy, and the second
pregnancy was resulted in fetal death. tSix recipients had live
births twice.

transplantation (LDLT) have been reported in 1
study,* most participants in previous studies have
been cadaveric LT recipients. Here, the results of a
national survey of pregnancy outcomes after LDLT in
Japan are presented and discussed.

PATIENTS AND METHODS

In Japan, data on LT, including LDLT and cadaveric
LT, and the institutes (hospitals or medical centers)
that perform LT are registered with the Japanese
Liver Transplantation Society. By the end of 2011,
139 cadaveric LT procedures and 6503 LDLT proce-
dures were registered with the society.?® The Japa-
nese Liver Transplantation Society performed a
national survey of pregnancy outcomes after LDLT in
Japan. The society sent questionnaires to the insti-
tutes and retrospectively assessed data on pregnancy
outcomes after LT until May 2012. The questionnaires
included information about LDLT, clinical courses of
pregnancies and deliveries, and neonates.

Pregnancy-induced hypertension was defined as a
systolic blood pressure > 140 mm Hg or a diastolic
blood pressure > 90 mm Hg after 20 weeks of gesta-
tion in a woman with previously normal blood pres-
sure.’® Fetal growth restriction was defined as an
estimated fetal weight < —1.5 standard deviations of
the normal reference range. The fetal weight was esti-
mated with formulas from ultrasound measurements
based on neonatal specific gravities and volumes.?” In
22 of the 23 recipients who received tacrolimus dur-
ing pregnancy (25 of 29 pregnancies), consecutive
serum trough levels of tacrolimus during pregnancy
(at several times) were available, and the mean trough
level was calculated. The pathological degree of acute
rejection (the rejection activity index) was assessed
according to the Banff classification.?®

This study was approved by the ethics committee of
the Osaka City University Graduate School of Medi-
cine (no. 1856) and was conducted in accordance
with the Declaration of Helsinki of 1996. Informed
consent was obtained from the participants. No
patient was excluded from the study because
informed consent could not be obtained.

TABLE 1. Indications for LDLT

Disease Patients (n)

Congenital biliary atresia 14
Acute hepatic failure

Primary sclerosing cholangitis
Autoimmune hepatitis

Hepatitis B virus

Budd-Chiari syndrome

Familial amyloid polyneuropathy
Hepatocellular carcinoma

bt et e e e DN O

Statistics

To assess the relationships between complication rates
during pregnancy and pregnancy outcomes and the
age at pregnancy and interval from LDLT to pregnancy,
receiver operating characteristic (ROC) curves were
constructed. In addition, areas under the receiver
operating characteristic curve (AUCs) with 95% confi-
dence intervals (CIs) were calculated. The optimal age
and interval cutoff values were determined with You-
den’s index (sensitivity + specificity — 1). Categorical
variables were compared with the chi-square test or
Fisher's exact test as appropriate. The Student t test
was used to analyze differences in ages. A P value <
0.05 was considered significant. All statistical data
were generated with JMP 9.0 (SAS Institute, Cary, NC).

RESULTS
Recipient Characteristics

The study participants were 30 LT recipients who had
38 pregnancies (Fig. 1). The recipients underwent
LDLT at 11 institutions. The indications for LDLT
included congenital biliary atresia (14 recipients),
acute liver failure (9 recipients), primary sclerosing
cholangitis (2 recipients), autoimmune hepatitis (1
recipient), liver cirrhosis caused by hepatitis B virus
(1 recipient), Budd-Chiari syndrome (1 recipient), fam-
ilial amyloid polyneuropathy (1 recipient), and hepato-
cellular carcinoma (1 recipient; Table 1). The age of
the recipients at the time of LDLT ranged from 4 to 38
years. The age at which pregnancy was diagnosed
ranged from 22 to 41 years (mean = 30.3 years). The
time from LDLT to the diagnosis of pregnancy ranged
from 356 to 6798 days (median = 1751 days).

At the diagnosis of pregnancy, tacrolimus was being
administered to 23 recipients (27 pregnancies); cyclo-
sporine was being administered to 2 recipients (2 preg-
nancies); a combination of tacrolimus and steroids was
being administered to 2 recipients (2 pregnancies); a
combination of cyclosporine and sirolimus was being
administered to 1 recipient (1 pregnancy); and a combi-
nation of tacrolimus, steroids, and mycophenolate
muofetil (MMF) was being administered to 1 recipient (1
pregnancy). The mean trough level of tacrolimus at the
diagnosis of pregnancy was 4.5 ng/mL (range = 0.9-
10.0 ng/ml), and the mean trough level during
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TABLE 2. Interval From LDLT to Pregnancy and Delivery Outcomes
Interval
Outcome Total <3 Years >3 Years P Value
Age at pregnancy (years)* 27 (22-41) 35 (24-41) 29 (22-40) 0.0014
Indications for LT (n) 0.327
Congenital biliary atresia 16 3 13
Acute hepatic failure 12 4 8
Primary sclerosing cholangitis 1 1 0
Other 6 2 4
Complications during pregnancy [n (%)}'
Spontaneous abortion 1(2.9) 0 1 (4.0) >0.999
Fetal death 3 (8.6) 2 (20.0) 1(4.0) 0.190
Fetal growth restriction 7 (20) 5 (50.0) 2 (8.0 0.0120
Liver dysfunction 4(11.4) 2 (20.0) 2 (8.0) 0.561
Pregnancy-induced hypertension 6 (17.1) 5 (50.0) 1{4.0) 0.0040
Delivery outcomes [n (%)}
Preterm delivery 10 (32.3) 4 (50.0) 6 (26.1) 0.381
Cesarean delivery 12 (38.7) 4 (50.0) 8 (34.8) 0.676
Low birth weight (<2500 g) 12 (38.7) 5 (62.5) 7 (30.4) 0.206
Extremely low birth weight (<1500 g) 4(12.9) 3 (37.5) 1(4.3) 0.0432
Birth defects 2 (6.5) 1(12.5) 1(4.3) 0.456
NOTE: There were 35 pregnancies in 27 recipients (3 pregnancies in 3 recipients ended by artificial abortions were
excluded from the analysis).
*The data are reported as medians and ranges.
"There were 10 pregnancies in the <3-year group and 25 pregnancies in the >3-year group.
*There were 8 pregnancies in the <3-year group and 23 pregnancies in the >3-year group (4 pregnancies in 4 recipients
ending in a spontaneous abortion or fetal death were excluded from the analysis).

pregnancy was 4.5 ng/mL (range = 1.5-10.0 ng/mL).
No immunosuppressive drugs were administered dur-
ing 3 pregnancies at the time of the pregnancy diagno-
sis because of auxiliary partial orthotopic LT (1
pregnancy in 1 recipient) or the discontinuation of
drugs after LDLT in childhood (2 pregnancies in 1
recipient). The serum creatinine levels at the diagnosis
of pregnancy were available for 32 pregnancies (24
recipients), and they were within the reference range.

Pregnancy Outcomes

Thirty-eight pregnancies in 30 recipients resulted in 31
live births (81.6%) for 25 recipients, 3 artificial abor-
tions for 3 recipients, 1 spontaneous abortion for 1
recipient, and 3 fetal deaths for 3 recipients (Fig. 1).
Artificial abortions were performed in the first trimester
because of MMF use in 1 pregnancy (1 recipient), siroli-
mus use in 1 pregnancy (1 recipient), and a short time
after LDLT (356 days) in 1 pregnancy (1 recipient).

Obstetric Complications

After the exclusion of the 3 artificial abortions in 3
recipients, there were 35 pregnancies in 27 recipients:
a spontaneous abortion occurred during 1 pregnancy
(2.9%) in 1 recipient, and fetal death occurred during
3 pregnancies (8.6%) in 3 recipients as previously
described (Table 2). Pregnancy-induced hypertension

developed during 6 pregnancies (17.1%) in 5 recipi-
ents, fetal growth restriction developed during 7 preg-
nancies (20.0%) in 6 recipients, and ileus developed
during 1 pregnancy in 1 recipient. Liver dysfunction
[elevated serum activities of aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), and/or
gamma-glutamyl transpeptidase (y-GTP)] was detected
during 4 pregnancies in 4 recipients. Acute rejection,
diagnosed by liver biopsy (rejection activity index = 2)
and laboratory test results, occurred in 2 of these 4
recipients; an increased dose of cyclosporine and ste-
roid pulse therapy was given to 1 recipient, and an
increased dose of tacrolimus was administered to 1
recipient. Other obstetric complications such as ges-
tational diabetes, infections, placental abruption, and
thromboembolic disorders did not occur in any recipi-
ent. Two recipients did not receive immunosuppres-
sive drugs, and for the one who underwent auxiliary
partial orthotopic LT, fetal death occurred because of
umbilical cord coiling. In another patient (2 pregnan-
cies), no complications developed during pregnancy.

In 1 of the 8 recipients who were pregnant twice,
the second pregnancy resulted in a spontaneous
abortion (at 7 weeks of gestation), although the first
pregnancy was uneventful. Another recipient had
pregnancy-induced hypertension in both the first and
second pregnancies; fetal death ended the first preg-
nancy (at 25 weeks), and fetal growth restriction
occurred during the second pregnancy.
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Figure 2. Clinical course of recipients suffering acute rejection after delivery. Acute rejection was diagnosed with a second liver biopsy

(rejection activity index = 4).

Delivery Outcomes

There were 31 pregnancies in 27 recipients, and pre-
term delivery (<37 weeks) occurred for 10 of these
pregnancies (32.3%) in 10 recipients. Cesarean deliv-
ery was performed for 12 pregnancies (38.7%) in 12
recipients because of pregnancy-induced hyperten-
sion (6 pregnancies in 6 recipients), hypotonic con-
traction during labor (1 pregnancy in 1 recipient),
transient bradycardia of the fetus (1 pregnancy in 1
recipient), ileus (1 pregnancy in 1 recipient), previous
multiple abdominal operations (1 pregnancy in 1
recipient), previous cesarean delivery (1 pregnancy in
1 recipient), and the recipient’s will (1 pregnancy in 1
recipient).

After delivery, liver dysfunction (elevated serum
activities of AST, ALT, and/or v-GTP) occurred during
4 pregnancies (4 recipients), and acute rejection, diag-
nosed by liver biopsy (rejection activity index = 2-4),
occurred within 4 months of LDLT in 3 of these 4
recipients. For acute rejection, steroid pulse therapy
was administered to 2 recipients, and a steroid and
MMF were added to tacrolimus therapy for 1 recipient
(Fig. 2). The recipients’ liver function improved with
these treatments. In 1 recipient, artificial respiration
was necessary because of acute respiratory distress
syndrome after delivery, and renal dysfunction per-
sisted after recovery. Puerperal fever developed in 1
recipient. The pregnancy-induced hypertension
improved after delivery in all recipients who had
hypertension during pregnancy. In 1 recipient,
retransplantation was performed because of the

recurrence of primary sclerosing cholangitis 5 years
after delivery.

There were 31 live births, and neonatal asphyxia
occurred in 1 neonate. Twelve neonates were born
with low birth weights (<2500 g), and 4 of the 12 low-
birth-weight neonates were born with extremely low
birth weights (<1500 g). Although intracranial bleed-
ing developed after delivery in 1 neonate with an
extremely low birth weight, the condition improved
without complications.

One neonate had tetralogy of Fallot, and 1 neonate
had hypospadias.

Risk Factors for Obstetric Complications,
Delivery Outcomes, and Birth Defects

Relationships between the mean trough level of tacro-
limus and obstetric complications, delivery outcomes,
and birth defects were not found.

Relationships between the age at the diagnosis of
pregnancy and complications during pregnancy were
studied with ROC curves. The AUC was 0.784 (95%
ClI = 0.613-0.905) for pregnancy-induced hyperten-
sion (Fig. 3A). The optimal cutoff value was 33 years
(sensivitity = 83.3%, specificity = 69.0%). No signifi-
cant relationship was found between the age at preg-
nancy and other complications such as spontaneous
abortion, fetal death, fetal growth restriction, and liver
dysfunction. The incidence of pregnancy-induced
hypertension in recipients who were 33 years old or
older at the diagnosis of pregnancy was significantly
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Figure 3. ROC curves for pregnant recipients: (A) age at the diagnosis of pregnancy and pregnancy-induced hypertension, (B) interval
from LT to pregnancy and fetal growth restriction, (C) interval from LT to pregnancy and pregnancy-induced hypertension, and (D)

interval from LT to pregnancy and extremely low birth weight.

higher than the incidence in recipients who were less
than 33 years old at the diagnosis of pregnancy (P
value = 0.0278 according to Fisher’s exact test).
Relationships between the interval from LDLT to
pregnancy and delivery outcomes were studied with
ROC curves. The AUC was 0.801 (95% CI = 0.632-
0.916) for fetal growth restriction (Fig. 3B). The opti-
mal cutoff value was 1096 days (sensitivity = 71.4%,
specificity = 82.1%). The AUC was 0.822 (95% CI =
0.656-0.930) for pregnancy-induced hypertension
(Fig. 3C). The optimal cutoff value was 1096 days
(sensitivity = 83.3%, specificity = 82.8%). The AUC
was 0.759 (95% CI = 0.573-0.893)} for extremely low

birth weight (Fig. 3D). The optimal cutoff value was
1096 days (sensitivity = 75.0, specificity = 81.5%).
No significant relationship was found between the
interval and other factors, including spontaneous
abortion, fetal death, liver dysfunction, and preterm
delivery.

The obstetric complications and delivery outcomes
were compared for 10 pregnancies for which the inter-
val from LT to pregnancy was <3 years (the early
group) and 25 pregnancies for which this interval was
>3 years (the late group) because the optimal cutoff
value was 1096 days according to the analysis using
ROC curves (Table 2). The 3 pregnancies for which
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artificial abortions were performed in the first trimes-
ter were excluded from this comparison. The mean
age at pregnancy was significantly higher for the early
group versus the late group. The proportions of recipi-
ents with fetal growth restriction and pregnancy-
induced hypertension were significantly higher in the
early group versus the late group. The proportion of
neonates with extremely low birth weight was signifi-
cantly higher in the early group versus the late group.
The incidence of pregnancy-induced hypertension in
recipients in the early group who were 33 years old or
older at the diagnosis of pregnancy (5/8 pregnancies
or 62.5%) was significantly higher than the incidence
in recipients in the late group who were less than 33
years old at the diagnosis of pregnancy (1/19 pregnan-
cies or 5.3%, P = 0.0037) and the incidence in recipi-
ents in the late group who were 33 years old or older
at the diagnosis of pregnancy (0/6 pregnancies, P =
0.031); the incidence of pregnancy-induced hyperten-
sion was highest in recipients in the early group who
were 33 years old or older at the diagnosis of preg-
nancy (interval from LDLT to pregnancy < 3 years).

DISCUSSION

An increased risk of complications, including prema-
turity, low birth weight, pregnancy-induced hyperten-
sion, renal dysfunction, and cesarean delivery, has
been reported in previous studies of pregnancy in LT
recipients (most patients have undergone cadaveric
L. 1-24

In this study, pregnancy-induced hypertension
developed during 6 pregnancies (17.1%) in 5 recipi-
ents. Shiozaki et al.?° reported that pregnancy-
induced hypertension was present in 1.2% of preg-
nancies (2802/241,292) in the Japan Society of
Obstetrics and Genecology database. The incidence of
pregnancy-induced hypertension seems to be higher
in LDLT recipients versus the general population. Sev-
eral studies have reported that pregnancy-induced
hypertension is common among LT recipients (11%-
43%).1,3—6,10,11,13,17,20,23.24 The incidence of
pregnancy-induced hypertension in LDLT recipients
(17.1%) was similar to the incidence in cadaveric LT
recipients. On the other hand, pregnancy-induced
hypertension did not occur in 1 recipient (2 pregnan-
cies) who did not receive immunosuppressive drugs
during pregnancy. This complication has been shown
to occur more frequently in LT recipients with renal
dysfunction.’*''? Although no relationship between
the mean trough levels of tacrolimus and pregnancy-
induced hypertension was observed in this study,
underlying renal dysfunction'’ and the vasoconstric-
tive effects of calcineurin inhibitors may affect hyper-
tension. In addition, it is necessary to pay attention
when the recipient’s age at the diagnosis of pregnancy
is >33 years.

In this study, a spontaneous abortion ended 1 preg-
nancy (1 recipient), and fetal death ended 3 pregnan-
cies (3 recipients). Coffin et al.?® reported that infants

of LT recipients had a 3-fold risk of complications,
most notably fetal death (6% versus 2% in controls).
Among 241 pregnancies in LT recipients described in
the National Transplantation Pregnancy Registry in
2008, 19.2% and 2.1% ended in spontaneous abor-
tions and stillbirths, respectively. The maternal and
fetal conditions might affect the rates of spontaneous
abortion and fetal death. Another adverse fetal outcome
noted in this study was fetal growth restriction in 7
pregnancies (20.0%). The incidence of complications
appears to be higher in these individuals versus the
general population.?® However, the mechanisms under-
lying the high incidences of spontaneous abortion, fetal
death, and fetal growth restriction are unclear.

Several previous studies have reported a high inci-
dence of preterm delivery (14%-53%).}368
10.13.14.17.18.202824 1 this study, preterm delivery
(<37 weeks) occurred in 10 pregnancies (32.3%). The
proportion of preterm deliveries seemed to be high
because the database of the Japan Society of Obstet-
rics and Genecology indicated that the rate of threat-
ened premature delivery was 2.34%.%° Preterm
delivery might be related to maternal conditions such
as hypertension and fetal conditions such as fetal
growth restriction.

Several previous studies have shown that cesarean
delivery is more common among transplant recipi-
ents,+6:10:13.15-17:20.28.24 1) thjg study, cesarean deliv-
ery was performed for 12 of 31 pregnancies (38.7%).
The indications for cesarean delivery included
pregnancy-induced hypertension, hypotonic contrac-
tion during labor, transient bradycardia, ileus, multi-
ple previous abdominal operations, previous cesarean
delivery, and the recipient’s will. Thus, it is likely that
the high rate of cesarean delivery was attributable to
pregnancy complications rather than LT itself.

Acute rejection is an important problem during and
after pregnancy because rejection may induce graft
loss. In fact, the National Transplantation Pregnancy
Registry (2006) reported that 7% of pregnancies were
complicated by acute rejection, and 8% of individuals
lost their grafts within 2 years of delivery.! Other
studies have reported that rejection rates during preg-
nancy are 0% to 179%.%6910:13:15-17.20.23 14 pag heen
reported that rejection episodes up to 3 months after
delivery are a risk factor for graft loss after delivery.>”
Kainz et al.®! reported that rejection was followed by
preeclampsia, renal impairment, and infection. In this
study, acute rejection occurred in 2 recipients during
pregnancy and in 3 recipients after delivery (within 4
months of delivery), although these patients had no
renal dysfunction. All recipients were successfully
treated with an increased dose of tacrolimus and/or
the addition of corticosteroids or MMF, and graft loss
did not occur. Thus, adequate treatment for acute
rejection can prevent graft loss, although close follow-
up of pregnant recipients is necessary even after
delivery, especially when the recipients have renal
dysfunction.

Congenital malformations in live-born neonates
have been reported to occur in 3% of the
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nontransplant population.®® In transplant recipients,
the incidence of congenital malformations has been
reported to be 4% with corticosteroids,?? 7% with aza-
thioprine,®? 3% with cyclosporine,®® and 4% with
tacrolimus.'* Kainz et al.*' reported that 4 neonates
presented with malformations among 100 pregnancies
in which the niother was treated with tacrolimus. In
the present series, most recipients received
tacrolimus-based therapy, and 2 of the 31 neonates
(6.4%) had congenital malformations (tetralogy of Fal-
lot and hypospadias). A higher incidence of structural
malformations was observed with MMF exposure dur-
ing pregnancy.®® This agent is classified as pregnancy
category D (there is positive evidence of fatal risk to
humans, but potential benefits may warrant the use
of the drug in pregnant women despite the potential
risk; there is evidence of fetal risk).®® No structural
defects have been reported with early-pregnancy siro-
limus exposure to date. In this study, artificial abor-
tions were performed in 2 recipients to whom MMF or
sirolimus was administered. Calcineurin inhibitors
are classified as pregnancy category C (animal repro-
ductive studies have shown an adverse effect on the
fetus or are lacking, and there are no adequate and
well-controlled studies in humans, but the potential
benefits may warrant the use of the drug in pregnant
women despite the potential risks; fetal risk cannot be
ruled out).®® Thus, calcineurin inhibitor-based ther-
apy, including cyclosporine and tacrolimus, is favor-
able for pregnant recipients.

Although there is no established optimal interval
between LT and pregnancy, a report from the National
Transplantation Pregnancy Registry and the American
Society of Transplantation recommended that LT
recipients wait a minimum of 1 year before conception
to stabilize graft function and immunosuppressant
dosage. Christopher et al.'® reported that pregnancies
occurring within 1 year of LT had an increased inci-
dence of prematurity, low birth weight, and acute
rejection in comparison with those occurring more
than 1 year after LT. Nagy et al.'® reported that the
risk of complications during pregnancy is low when
liver LT recipients become pregnant more than 2
years after LT because the recipients have stable and
normal hepatic function and normal renal function,
and immunosuppressive therapy is at a maintenance
dosage. The results of the National Transplantation
Pregnancy Registry (2008) showed that the incidence
of very-low-birth-weight neonates in pregnancies
within 2 years of LT was higher than the incidence in
pregnancies more than 5 years after LT.> A higher
incidence of rejection was also reported for recipients
who were pregnant 1 to 2 years after LT. These results
indicate better outcomes for recipients and infants
with pregnancies occurring at least 2 years after LT.
In this study, the incidences of fetal growth restric-
tion, pregnancy-induced hypertension, and neonates
with extremely low birth weights were significantly
higher in the early group (<3 years after LDLT) versus
the late group (>3 years after LDLT). In addition, the
incidence of pregnancy-induced hypertension was

higher for recipients who were 33 years old or older at
the diagnosis of pregnancy versus recipients who were
less than 33 years old. Thus, it is necessary to pay
careful attention to complications during pregnancy
when a recipient becomes pregnant within 3 years of
LDLT, particularly if the age at the diagnosis of preg-
nancy is >33 years.

The pregnancy outcomes of LDLT recipients were
similar to those of cadaveric LT recipients. Although
most pregnancy outcomes are favorable, special atten-
tion should be given to obstetric complications such
as pregnancy-induced hypertension, spontaneous
abortion, fetal death, fetal growth restriction, preterm
delivery, cesarean delivery, and acute rejection. It is
difficult to draw definitive conclusions from this study
because the number of recipients in this study was
too small, and this survey might not reflect all preg-
nant recipients. Thus, it is necessary to analyze the
outcomes after pregnancy in larger studies with pro-
spective registration to establish and improve the clin-
ical management of pregnancy in LT recipients.
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Successful Telaprevir Treatment in Combination of Cyclosporine against
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Mio Kikuchi,””" Yuki Okuda,” Yoshihide Ueda, Yuki Nishioka,” Miwa Uesugi,?

Emina Hashimoto,” Tamotsu Takahashi,” Tomoki Kawai,” Sachiyo Hashi,” Haruka Shinke,”
Tomohiro Omura,™” Atsushi Yonezawa,“? Takashi Ito,? Yasuhiro Fujimoto,” Toshimi Kaido,’
Tsutomu Chiba,” Shinji Uemoto,? Kazuo Matsubara,”” and Satohiro Masuda®®"!

“Department of Clinical Pharmacology and Therapeutics, Faculty of Medicine, Kyoto University Hospital,

b Department of Pharmacy, Faculty of Medicine, Kyoto University Hospital; ¢ Department of Gastroenterology and
Hepatology, Graduate School of Medicine, Kyoto University; and“ Division of Hepatobiliary-Pancreatic Surgery and
Transplantation, Department of Surgery, Graduate School of Medicine, Kyoto University; 54 Kawaharacho, Shogoin,
Sakyo-ku, Kyoto 6068507, Japan. ’

Received October 2, 2013; accepted December 20, 2013; advance publication released online December 26, 2013

Telaprevir (TVR) is a protease inhibitor used in combination with pegylated interferon alfa-2b and
ribavirin for hepatitis C, and TVR strongly inhibits CYP3A4 and CYP3A5. We reported successful TVR
treatment of liver transplant patients with recurrence of hepatitis C during receiving immunosuppressive
therapy. Before initiation of triple therapy, all patients switched from tacrolimus to cyclosporine, which has a
lower inhibitory effect on CYP3A4 and CYP3AS than tacrolimus. To avoid graft failure, we measured the cy-
closporine blood concentrations at 0, 2, and 6h after administration to maintain the target level (150-200ng/
mL) within 1 week after initiation of TVR and adjusted the dose of cyclosporine. The dose of cyclosporine
was decreased 0.24-0.40 fold in all patients after initiation of TVR treatment. In 3 patients, the dose of TVR
was decreased two-thirds of starting dose because of adverse effects, including anorexia and skin rash. How-
ever, the HCV RNA level rapidly decreased to undetectable levels within 1 month. Furthermore, all patients
completed the TVR therapy in 12 weeks and did not experience liver graft rejection. In addition, we found
the rapid elimination of inhibitory effect of TVR on the disposition of cyclospirne in the all four cases and
therefore, rapid increase in the dosage of cyclosporine would be required immediately after the end of TVR
administration. These results suggest that frequent measurement of cyclosporine levels was important for
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successful TVR triple therapy and prevention of rejection.

Key words telaprevir; cyclosporine; drug interaction; hepatitis C; liver transplantation

Telaprevir (TVR), a protease inhibitor, is a new drug to
treat hepatitis C."> Triple therapy with pegylated interferon
alpha 2b (PEG-IFN o-2b), ribavirin, and TVR for 12 weeks
and double therapy with PEG-IFN a-2b and ribavirin for 12
weeks strongly affects the hepatitis C virus (HCV), and 73.0%
of patients achieve sustained viral responses (SVRs).Y TVR is
metabolized by CYP 3A4 and CYP3AS and strongly inhibits
CYP3A4 and CYP3A5.>® Therefore, TVR has strong drug
interactions with immunosuppressants like tacrolimus and
cyclosporine.”

Some hepatitis C patients develop liver cirrhosis or hepa-
tocellular carcinoma, which require a liver transplant. After
liver transplantation, they have to take immunosuppressive
agents to prevent graft loss, and the blood concentrations of
these drugs have to be carefully monitored. However, patients
can show recurrence of hepatitis C even after liver transplan-
tation.®” Therefore, it is difficult to control the blood concen-
tration of immunosuppressive agents with TVR triple therapy
in patients with recurrence of HCV infection. To prevent graft
rejection and treat hepatitis C, we carefully adjusted the dose
of immunosuppressive agents to maintain the target blood
concentrations.
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1750-1 lkenobe, Miki-cho, Kita-gun, Kagawa 761-0793, Japan.
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This case report describes successful treatment of trans-
plant patients with recurrence of hepatitis C with TVR, PEG-
IFN a-2b, and ribavirin triple therapy to prevent liver graft
rejection. We carefully controlled the blood concentration of
immunosuppressive agents to that of the target level by fre-
quent measurement.

MATERIALS AND METHODS

Treatment Protocol The day of initial administration of
TVR was set as Day 1. The primary immunosuppressive agent
was changed from tacrolimus to cyclosporine around one
week before the initiation of TVR administration. The target
trough and C, level of cyclosporine was set between 150ng/
mL and 200ng/mL and between 600ng/mL and 800ng/mL,
respectively, beginning around 2 weeks of TVR adminis-
tration. TVR 750mg was orally administered twice daily.
Around day 7, PEG-IFN a-2b and ribavirin were added to
start the triple therapy with TVR. The administration of TVR
was terminated after 12 weeks, and then combination treat-
ment with PEG-IFN a-2b and ribavirin was continued for 24
weeks. All periods of HCV treatment were 24 weeks.

Blood Samples Blood samples for measuring the levels of
immunosuppressive agents were collected immediately before
the morning dosage and at 2h and 6h after the administration
between days 1 and 7. After day 8, the blood samples were
collected for measuring the morning trough level of immuno-
suppressants.

© 2014 The Pharmaceutical Society of Japan
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Measurements of Blood Concentration of Tacrolimus
and Cyclosporine Whole blood concentrations of tacrolimus
and cyclosporine were determined using chemiluminescence
immunoassay (CLIA) using an ARCHITECT® i2000SR ana-
lyzer (Abbott Laboratories, Chicago, IL, U.S.A)) and affinity
column-mediated immunoassay (ACMIA) using Dimension®
(Siemens Healthcare Diagnostics Inc., Newark, DE, U.S.A)),
respectively, according to the manufacturer’s instructions.

Ethics This study was conducted in accordance with the
Declaration of Helsinki and its amendments, and the study
protocol was approved by the Kyoto University Graduate
School and Faculty of Medicine Ethics Committee. Written
informed consent was obtained from each patient.

CASE REPORTS

Although TVR strongly inhibits the dispositions of tacro-
limus and cyclosporine, the interaction between TVR and
cyclosporine is relatively mild compared to that between TVR
and tacrolimus.” In addition, the clinical efficiency of cyclo-
sporine was found to be similar with tacrolimus in the 39 liv-
ing donor liver transplant patients.!” Therefore, we carefully
switched the primary immunosuppressant from tacrolimus to
cyclosporine about a week before the initiation of TVR ad-
ministration to avoid toxicity from calcineurin inhibitors. In
addition, the dosage of TVR was decreased to 1500mg/bid,
because previous studies in Japan indicated that the standard
dose of TVR 2250 mg/tid was toxic to Japanese patients.''?

The clinical characteristics of the patients in this study
are summarized in Table 1. All patients showed a recurrence
of HCV genotype 1b after liver transplantation. The median
(range) of duration between liver transplantation and initiation
of TVR treatment was 21 (1-75) months.

Case I: A 62-year-old man who underwent cadaveric donor
liver transplantation because of hepatocellular carcinoma after
HCV-related liver cirrhosis. HCV RNA was detected in his
serum after transplantation; therefore, he was administered
anti-HCV therapy with PEG-IFN a-2b and ribavirin at the
2nd post-transplant month. Because of fatigue and nausea, the
double therapy (consisting of PEG-IFN a-2b and ribavirin)

Table 1. Pretreatment Profile and Clinical Characteristics

Vol. 37, No. 3

was interrupted twice; once between months 9 and 10 and
once between months 45 and 67. Then, the double therapy for
recurrence HCV was withdrawn 75 months after liver trans-
plantation. Before initiation of triple therapy (consisting of
TVR, PEG-IFN @-2b, and ribavirin), the calcineurin inhibitor
was switched from tacrolimus to cyclosporine about a week
before the administration of TVR. The dosage and trough
concentration of cyclosporine at the day before the adminis-
tration of TVR were 150mg/bid and 212ng/mL, respectively
(Figs. 1A, B). To avoid an excessive increase in the blood
concentration of cyclosporine, the dosage of cyclosporine was
reduced to one-third of the original on the day of TVR ad-
ministration (1500mg/bid). Although the blood concentration
of cyclosporine varied, dosage adjustment was carefully per-
formed on the basis of the blood concentration of cyclosporine
in the morning during the two weeks after initiation of TVR
therapy. On day 7 of TVR therapy, PEG-IFN a-2b (100 ug/
week) and ribavirin (400 mg/bid) were also added to constitute
the triple therapy. The levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) decreased to nor-
mal levels during the first 7d with TVR, without PEG-IFN
o-2b and ribavirin. The levels of uric acid, serum creatinine,
and blood urea nitrogen (BUN) moderately increased; an in-
crease in the dosage of allopurinol from 100mg/d to 200mg/d
was effective against TVR-related kidney injury. The patient
successfully completed the 12-week regimen of the triple
therapy; subsequently, the administration of TVR was discon-
tinued. Immediately after the termination of TVR administra-
tion, the dosage of cyclosporine was increased to 100 mg/bid
to maintain a sufficient trough level to prevent rejection. Over
the course of 100d, the patient did not experience any severe
adverse reactions related to TVR and cyclosporine and such as
graft rejection.

Case II: A 50-year-old man who underwent living-donor
liver transplantation from his offspring because of HCV-
related liver cirrhosis. Because the serum HCV RNA level
rapidly increased after the transplantation, he received liver-
supporting therapy with monoammonium glycyrrhizinate for
1 month. The calcineurin inhibitor was carefully switched
from tacrolimus to cyclosporine about 10d before the admin-

Case number

I 11 111 v

Male/Female

Age (years)

Body weight (kg)

Primary disease for transplantation

Milan criteria for HCC treatment

ABO blood type (donor/recipient)

Donor

HCV genotype

Months after liver transplantation

Months after transplantation recurrence of HCV
Post-transplant anti-HCV treatment

Duration of post-transplant anti-HCV treatment (months)

Outcome
Positive conversion of HCV after SVR (month after liver transplantation)

Male Male Female Female
62 50 67 68
68.6 120.2 534 43.0
HCC LC LC, HCC LC, HCC
Within Within Within
0/0 A/A B/B 0/0
Cadaveric Offspring Spouse Offspring
1b 1b 1b b
77 22 74 37
75 1 69 33
PEG-IFN, RBV Not treated PEG-IFN, RBV  PEG-IFN, RBV
2-8, 8-22 5-15
11-44,
6871
Withdraw SVR* Withdraw
66

HCC, hepatocellular carcinoma; LC, liver cirrhosis; HCV, hepatitis C virus; LT, liver transplantation; PEG-IFN, pegylated interferon alfa-2b; RBV, ribavirin; SVR, sustained

viral response.
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Days after administration of TVR

Fig. 1. Dosage of Immunosuppressants and TVR (A); Blood Concentra-
tions of Immunosuppressants (B); Monitoring of Levels of Transaminases
(C); Creatinine, Blood Urea Nitrogen, and Uric Acid Levels (D) in Case 1

(A) The daily doses of tacrolimus (black) and cyclosporine (red) were docu-
mented. (B) The blood concentration of tacrolimus (black) and cyclosporine (red)
were quantified by chemiluminescence immunoassay (CLIA) and affinity column-
mediated immunoassay (ACMIA), respectively. (C) Aspartate aminotransferase
(black) and alanine aminotransferase (red) values were determined. (D) Creatinine
(red), blood urea nitrogen (bluc), and uric acid (black) values were determined.
TVR, telaprevir; Tac, tacrolimus; CyA, cyclosporine; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; CRE, creatinine; BUN, blood urea nitrogen;
UA, uric acid.

istration of TVR. Before TVR administration (1500 mg/bid),
the dosage and trough concentration of cyclosporine were
100mg/bid and 197 ng/mL, respectively (Figs. 2A, B). Because
of interactions between cyclosporine and TVR, the dosage of
cyclosporine was reduced to half on day 1 of TVR adminis-
tration. We carefully adjusted the dosage of cyclosporine on
the basis of the measurement of morning blood concentration
during 3 weeks after administration of TVR, because of the
unstable pharmacokinetics of cyclosporine. Finally, the dos-
age of cyclosporine was 50mg/qod and the trough level of
cyclosporine was 215ng/mL at day 21. Hepatorenal syndrome
and diabetic nephropathy deteriorated his renal function at
surgery; therefore, the initiation of PEG-IFN a-2b (150 ug/
week) and ribavirin (800 mg/bid) was carefully set back to day
14 to avoid further kidney dysfunction. Fatigue and anorexia
worsened from 1 month after initiation of TVR treatment,
and the patient developed intense pruritus on his back from
day 51 after TVR treatment. Because of these complications,
the dose of TVR was decreased to 1000 mg/bid; subsequently,
these adverse reactions subsided. Although the blood concen-
tration of cyclosporine decreased to 141 ng/mL at the 20th day
after reducing the TVR dosage, the dosage of cyclosporine
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Days after administration of TVR

Fig. 2. Dosage of Immunosuppressants and TVR (A); Blood Concentra-
tions of Immunosuppressants (B); Monitoring of Levels of Transaminases
(C); Creatinine, Blood Urea Nitrogen, and Uric Acid Levels (D) in Case
I

(A) The daily doses of tacrolimus (black) and cyclosporine (red) were document-
ed. (B) The blood concentration of tacrolimus (black) and cyclosporine (red) were
quantified by CLIA and ACMIA, respectively. (C) Aspartate aminotransferase
(black) and alanine aminotransferase (red) values were determined. (D) Creatinine
(red), blood urea nitrogen (blue), and uric acid (black) values were determined.
TVR, telaprevir; Tac, tacrolimus; CyA, cyclosporine; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; CRE, creatinine; BUN, blood urea nitrogen;
UA, uric acid.

of 50mg on alternate days (qod) was unchanged without any
rejection episode. On the 19th day, the uric acid level was
7.0mg/dL; therefore, the patient was administered febuxostat
(10mg/d). Moreover, the serum creatinine level moderately
increased, but it decreased after reduction of TVR dose. The
patient completed the 12-week TVR therapy. After the end of
TVR administration, the dosage of cyclosporine was gradually
increased from 50mg/qod to 50mg/qd, and finally to 75mg/
qd to maintain the target trough level. At that point, the blood
concentration of cyclosporine was stable. The calcineurin in-
hibitor was switched again from cyclosporine to tacrolimus.
Over the course of 100d, the patient showed no rejection
episode.

Case III: A 67-year-old woman who underwent living-
donor liver transplantation from her spouse because of hepa-
tocellular carcinoma after HCV-related liver cirrhosis, which
was within the Milan criteria. The patient experienced a
recurrence of hepatitis C at 6 months after transplantation;
therefore, she was treated with PEG-IFN «-2b and ribavirin
for 14 months and achieved SVR. At the 66th post-transplant
month after achieving SVR, she experienced relapse of HCV
infection and was followed-up without PEG-IFN a-2b treat-
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Days after administration of TVR

Fig. 3. Dosage of Immunosuppressants and TVR (A); Blood Concentra-
tions of Immunosuppressants (B); Monitoring of Levels of Transaminases
(C); Creatinine, Blood Urea Nitrogen, and Uric Acid Levels (D) in Case
1

(A) The daily doses of tacrolimus (black) and cyclosporine (red) were document-
ed. (B) The blood concentration of tacrolimus (black) and cyclosporine (red) were
quantified by CLIA and ACMIA, respectively. (C) Aspartate aminotransferase
(black) and alanine aminotransferase (red) values were determined. (D) Creatinine
(red), blood urea nitrogen (blue) and uric acid (black) values were determined.
TVR, telaprevir; Tac, tacrolimus; CyA, cyclosporine; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; CRE, creatinine; BUN, blood urea nitrogen;
UA, uric acid.

ment. Before treatment with TVR, PEG-IFN o-2b, and riba-
virin, the calcineurin inhibitor was switched from tacrolimus
to cyclosporine about a week before TVR administration. The
dosage and trough concentration of cyclosporine at the day
before the administration of TVR were 100 mg/bid and 129 ng/
mL, respectively (Figs. 3A, B). To achieve the target trough
concentration of cyclosporine (150-200ng/mL), the dosage
of cyclosporine was gradually decreased from 100mg/bid
to 35mg/qd within 4d after initiation of TVR administra-
tion (1500mg/bid). The dosage of cyclosporine decreased to
25mg/qd when the trough concentration of cyclosporine was
greater than 200ng/mL. On day 8 of TVR therapy, PEG-IFN
a-2b (80 ug/week) and ribavirin (400 mg/bid) were also added
to constitute the triple therapy. The levels of AST and ALT
decreased during the first 7d with TVR without PEG-IFN
a-2b or ribavirin. Administration of allopurinol (50mg/d) was
effective against TVR-related kidney injury such as tempo-
rary increases in the levels of uric acid, serum creatinine, and
BUN (Fig. 3D). Because of anemia and anorexia, the doses
of TVR and ribavirin were decreased to 1000mg/bid on day
37 and 200mg/day on day 30, respectively. Subsequently, the
severity of these adverse decreased. The patient completed the
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Days after administration of TVR

Fig. 4. Dosage of Immunosuppressants and TVR (A); Blood Concentra-
tions of Immunosuppressants (B); Monitoring of Levels of Transaminases
(C); Creatinine, Blood Urea Nitrogen, and Uric Acid Levels (D) in Case
v

(A) The daily doses of tacrolimus (black) and cyclosporine (red) were document-
ed. (B) The blood concentration of tacrolimus (black) and cyclosporine (red) were
quantified by CLIA and ACMIA, respectively. (C) Aspartate aminotransferase
(black) and alanine aminotransferase (red) values were determined. (D) Creatinine
(red), blood urea nitrogen (blue) and uric acid (black) values were determined.
TVR, telaprevir; Tac, tacrolimus; CyA, cyclosporine; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; CRE, creatinine; BUN, blood urea nitrogen;
UA, uric acid.

12-week TVR therapy. After the final day of TVR administra-
tion, the dose of cyclosporine was gradually increased from
25mg/qd to 50mg/bid, and finally to 100mg/bid to maintain
the target trough level. At that point, the blood concentration
of cyclosporine was stable at the dosage of 125mg/bid. Over
the course of 100d, the patient showed no rejection episode.
Case IV: A 68-year-old woman who underwent living-do-
nor liver transplantation from her offspring because of hepato-
cellular carcinoma and liver cirrhosis. The patient experienced
hepatitis C recurrence at 5 months after transplantation, and
was immediately treated with PEG-IFN a-2b and ribavirin.
However, she was withdrawn from this therapy because of
nausea at 15 months after liver transplantation. The calcineu-
rin inhibitor was switched from tacrolimus to cyclosporine
about a week before the administration of TVR. The dosage
and trough concentration of cyclosporine at the day before
TVR administration were 50mg/bid and 109ng/mL, respec-
tively (Figs. 4A, B). To achieve the target trough concentration
of cyclosporine (150-200ng/mL), the dosage of cyclosporine
was decreased from 50mg/bid to 25mg/qd at the first day of
TVR administration (1500mg/bid). At Day 7 of TVR therapy,
PEG-IFN a-2b (60 ug/wk) and ribavirin (200mg/d) were also
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added to constitute the triple therapy. The levels of AST and
ALT returned to normal during the first 7d of TVR treat-
ment without PEG-IFN and ribavirin. The serum creatinine
level increased from 1.02mg/dL to 1.49mg/dL. within 4d,
and BUN and uric acid levels also increased; therefore, the
administration of febuxostat (10mg/d) was initiated. Because
renal dysfunction worsened despite the temporal effect of fe-
buxostat, the dosage of TVR was decreased to 1000 mg/bid on
day 15, and the dosage of febuxostat was increased to 20 mg/d
on day 16. Because of the reduced TVR dosage, the blood
concentration of cyclosporine decreased to 141 ng/mL in 7d.
Because the blood concentration of cyclosporine was around
the lower limit of the target window, and the renal dysfunction
was not completely ameliorated, the dosage of cyclosporine
was maintained at 25mg/qd. After successful completion of
the 12-week TVR treatment, the calcineurin inhibitor was
switched back from cyclosporine to tacrolimus. The dosage of
tacrolimus was set at 1.4mg/bid. The dosage of ribavirin was
adjusted considering adverse reactions such as a skin rash on
her back and a decrease in hemoglobin levels. The patient no-
ticed the skin rash on her back on day 23 of TVR treatment,
and her hemoglobin level decreased from 10.3 g/dL to 9.1 g/dL
within 9d. These adverse reactions were presumably caused
by ribavirin; therefore, the dosage of ribavirin was decreased
to 200mg/qod on day 29. The dosage of ribavirin was further
decreased to 200mg every 3d on day 43, 200mg every 4d on
day 57, and finally, she was withdrawn from ribavirin on day
70. No signs of rejection were observed over the course of
100d of TVR administration.

In Case I, the average cyclosporine doses during 7d before
and after beginning administration of TVR were 157.1mg/
bid and 46.4mg/qd, respectively. In the case of all patients,
the dosage of cyclosporine decreased by about 60% after ini-
tiation of administration of TVR. The data of concentration/
dose ratios (C/D ratio, (ng/mL)/mg) of cyclosporine from all
study patients are shown in Fig. 5. When TVR therapy was
initiated, the C/D ratio increased 3.04-fold from the —Ist week
to the Ist week. In addition, the C/D ratio of cyclosporine dur-
ing the 2nd week significantly increased (»<<0.0001). On the
other hand, after completion of TVR therapy, the C/D ratio
decreased from 4.90 to 2.91.

DISCUSSION

Previously, the standard therapy for liver transplantation
patients with chronic hepatitis C has been double combina-
tion therapy with PEG-IFN «a and ribavirin.®~'® Recently,
TVR is a new drug with strong efficacy against hepatitis C
when administrated in combination with PEG-IFN and riba-
virin.™'® TVR has strong interactions with drugs metabolized
by CYP3A4 and CYP3A5.>® Liver transplant patients have
to take immunosuppressive agents such as tacrolimus and
cyclosporine to avoid graft failure, and these agents are me-
tabolized by CYP3A4 and CYP3AS. The blood concentrations
of tacrolimus and cyclosporine increase with the administra-
tion of TVR. Therefore, to control the blood concentration
of tacrolimus and cyclosporine, treatment with the new TVR
therapy is important to prevent recurrence of hepatitis C in
patients after liver transplantation. Garg et al. showed TVR
increased the area under the curve of tacrolimus and cyclo-
sporine to 70.3-fold and 4.11-fold, respectively.” Therefore,
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Fig. 5. Influence of Telaprevir (TVR) on C/D Ratio of Cyclosporine

Concentration/dose (C/D) ratio of cyclosporine was documented within TVR
combination therapy beginning (A) and TVR combination therapy ending (B) in
this study. ***p<0.001, significant difference between groups.

we switched the immunosuppressive agent from tacrolimus to
cyclosporine in this study. On the basis of our predictions, the
dosage of cyclosporine was decreased after initiation of TVR
administration, and the blood concentration of cyclosporine
was unstable. Moreover, the average dosage of cyclosporine
decreased to 0.24-0.40-fold before initiation of TVR (data not
shown). To maintain the target trough level of cyclosporine,
we measured the blood concentration of cyclosporine 3 times
a day during the 1st week of TVR administration. This was
important to prevent graft rejection. In Case 11, the peak blood
concentration of cyclosporine was low and the trough level
was difficult to decrease. To avoid liver graft rejection, the
C, blood concentration was maintained at the target level.!”
On the other hand, the trough level of cyclosporine was kept
low to prevent adverse effects on the kidney.?**" Therefore,
we determined that the dosage of cyclosporine would not be
25mg/d, but rather 50mg/qod. Thus, we controlled not only
the total dosage of cyclosporine but also the timing of admin-
istration.””® The dosage adjustment of cyclosporine immedi-
ately after the end of TVR treatment is an important issue,
because the rapid reduction of blood level of cyclosporine
should lead the risk of acute rejection. In the present study,
we found the rapid elimination of inhibitory effect of TVR on
the disposition of cyclospirne in the all four cases (Fig. 5B).
Based on these findings, rapid increase in the dosage of cyclo-
sporine would be required to maintain the immunosuppressive
effect throughout the anti HCV therapy with or without TVR.

Recently, we reported the drug interactions with tacrolimus
in patients after living-donor liver transplantation.”?>% Uesugi
et al. showed that the CYP3A5 genotype in the graft liver
and native intestine had an effect on the blood concentration
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Table 2. Transition of HCV RNA before and after the TVR Treatment
Before Time after TVR treatment (week)
Case (days before TVR treatment)” P 4
(log 1U/mL)

Case 1 72(7) 4.7 3.0 1.6

Case II 6.5 (12) 2.3 N.D.» N.D.

Case 11 6.1 (6) 2.3 1.2> N.D.

Case 1V 4.5 (8) 1.2> N.D. N.D.

TVR, telaprevir; HCV, hepatitis C virus. @) The latest day before administration of TVR. 5) N.D., HCV RNA was not detected by real-time PCR.

of tacrolimus.?¥ -TVR inhibits not only CYP3A4 but also
CYP3A5. We did not examine the CYP3AS5 genotype in this
study. However, the differences in the CYP3AS genotype may
affect the blood concentration of tacrolimus. Recently, Zheng
et al. showed a correlation between CYP3AS genotype and
the risk of cyclosporine-induced nephrotoxicity.?® Therefore,

the genotype of CYP3A5 may be important in implementing

TVR therapy.

Almost all patients experienced HCV recurrence, and some
underwent re-transplantation because of HCV-related liver
cirrhosis or hepatocellular carcinoma.”’?® The disease pro-
gression of hepatitis C is faster in graft liver than in healthy
liver,>” and the rate of SVR is lower in transplant patients
than in patients who did not receive liver transplants.”® In this
study, all patients completed the 12-week TVR triple therapy.
In all patients, the HCV RNA levels immediately decreased
to the baseline levels (Table 2). This indicated that PEG-IFN
a-2b, ribavirin, and TVR therapy were effective against hepa-
titis C. Moreover, HCV RNA levels decreased and liver func-
tion markedly improved with TVR alone. However, SVR was
detected 24 weeks after combination therapy with PEG-IFN
a-2b, ribavirin, and TVR.*'73%3D Therefore, these results did
not suggest SVR, but these might be steps to SVR.

The dose of TVR had to be reduced in cases II, III, and IV
because of severe adverse effects. TVR is known to elicit a se-
vere rash. In Case IV, the level of hemoglobin decreased, and
the dosage of ribavirin was gradually decreased. Cases IT and
IV showed skin rash, and Cases II and IIT experienced malaise
or anorexia. The latter adverse effects were caused not only by
TVR but also by PEG-IFN. Therefore, the adverse reactions
might be a synergistic effect of triple therapy. To achieve suc-
cessful outcome with the PEG-IFN, ribavirin, and TVR triple
therapy, maintaining these adverse reactions become less bad
may be key points to continuing this therapy. The difference
between Case I and the others was the level of HCV RNA
after administration of TVR. In Case I, the HCV RNA level
rapidly decreased; however, these levels decreased almost im-
mediately in Cases II-IV. In addition, the HCV RNA level
in Case IV decreased to limits of detection with only TVR
(Table 2). The connection between these adverse effects and
therapeutic benefit of this therapy was difficult to determine.
Small doses of TVR, for example 1000 mg/d, might be ben-
eficial to treat HCV and to avoid adverse effects in Cases
II, III, and IV. Therefore, dose reduction from the standard
dose (2250mg/d) is suitable for Japanese HCV-recurrence
patients after liver transplantation.'? In addition, the associa-
tion between TVR blood level profile and its adverse reactions
should be examined in future to individualized dosage adjust-
ment of TVR.

In all patients, the serum creatinine levels were temporarily
increased at the Ist week of TVR administration. However,
in Case IV, during TVR treatment, the serum creatinine re-
mained at a high level (1.41+£0.25mg/dL). Cyclosporine or
TVR might cause renal dysfunction; therefore, cyclosporine
was replaced with tacrolimus immediately after TVR therapy.
To treat avoid adverse effects of cyclosporine and the risk of
re-control of cyclosporine, triple therapy should be adminis-
tered with tacrolimus as the immunosuppressive agent.

In conclusion, we could treat patients with recurrence of
hepatitis C after liver transplantation by TVR therapy to avoid
liver graft rejection. Controlling the drug interaction between
TVR and cyclosporine was the most important aspect to
achieving both treatment of hepatitis C and prevention of liver
graft rejection. We selected cyclosporine instead of tacrolimus
as the immunosuppressive agent and carefully adjusted the
dosage of cyclosporine by frequent measurement of blood
concentration. It was risky to change the immunosuppres-
sive agent from tacrolimus to cyclosporine for graft rejection.
Therefore, in the future, we will need to control the blood
concentration of tacrolimus, which has a strong interaction
with TVR, to treat HCV with TVR triple therapy.
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