24.

25.

26.

27.

28.

29.

30.

Liver Transplantation

Deshpande NA, James NT, Kucirka LM, Boyarsky BJ, Garonzik-Wang JM,
Cameron AM, et al. Pregnancy outcomes of liver transplant recipients: a systemic
review and meta-analysis. Liver transplantation 2012;18:621-629

The Japanese Liver Transplantation Society. Liver transplantation in Japan:
registry by the Japanese Liver Transplantation Society. Ishoku 2012;47:416-432
ACOG practice bulletin. Diagnosis and management of preeclampsia and
eclampsia. No 33. American College of Obstetricians and Gynecologists. Obstet
Gunecol 2002;99:159-167

Shinozuka N, Okai T, Kohzuma S, Mukubo M, Shih CT, Maeda T, et al. Formulas
for fetal weight estimation by ultrasound measurements based on neonatal specific
gravities and volumes. Am J Obstet Gynecol 1987;157:1140-1145

Banff scheme for grading liver allograft rejection: an international consensus
document. Hepatology 1997;25:658-663

Shiozaki A, Matsuda Y, Satoh A, Saito S. Comparison of risk factors for gestational
hypertension and preeclamsia in Japanese singleton pregnancies. J Obstet
Gynecol Res 2013;39:492-499

Shiozaki A, Matsuda Y, Hayashi K, Satoh S, Saito S. Comparison of risk factors for

major obstetric complications between Western countries and Japan: a case-cohort

26

John Wiley & Sons, Inc.

-315-

Page 26 of 33



Page 27 of 33

31.

32.

33.

34.

35.

Liver Transplantation

study. J Obstet Gynecol Res 2011;37:1447-1454

Kainz A, Harabacz I, Cowlrick IS, Gadgil SD, Hagiwara D. Review of the course

and outcome of 100 pregnancies in 84 women treated with tacrolimus,

Transplantation 2000;70:1718-1721

Armenti VT, Moritz MdJ, Davison JM. Drug safety issues in pregnancy following

transplantation and immunosuppression: effects and outcomes. Drug Saf

1998;19:219-232

Lamarque V, Leleu MF, Monka C, Krupp P. Analysis of 629 pregnancy outcomes in

transplant recipients treated with Sandimmun. Transplant Proc. 1997;29:2480

Sifontis NM, Coscia LA, Constantinescu S, Lavelanet AF, Moritz MJ, Armenti VT.

Pregnancy outcomes in solid organ transplant recipients with exposure to

mycophenolate mofetil or sirolimus. Transplantation 2006;82:1698-1702

FDA Pregnancy categories.

http:/depts.washington.edu/druginfo/Formulary/Pregnancy.pdf

27

John Wiley & Sons, Inc.

-316-



Liver Transplantation Page 28 of 33

Figure legends

Figure 1 Subjects in this study

Figure 2 Clinical course in recipients with acute rejection after delivery
MMF, mycophenolate mofetil. Acute rejection was diagnosed by second liver biopsy

(rejection activity index, 4).

Figure 3 Receiver operating characteristic (ROC) curves in pregnant recipients

A, The age at pregnancy diagnosis and the pregnancy-induced hypertension; B, the
interval from liver transplantation to pregnancy and fetal growth restriction; C, the
interval and pregnancy-induced hypertension; D, the interval and extremely low birth

weight
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Table 1. Indications for living donor liver transplantation

Diseases No. of patients

Congenital biliary atresia 14
Acute hepatic failure

Primary sclerosing cholangitis
Autoimmune hepatitis

Hepatitis B virus

Budd-Chiari syndrome

Familial amyloid polyneuropathy

= = = e = N O

Hepatocellular carcinoma

John Wiley & Sons, Inc.
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Table 2. Interval from living donor liver transplantation to pregnancy
and delivery outcomes (35 pregnancies in 27 recipients)*

Interval
Outcomes Total <3years 23 years P

Age at pregnancy, median (range) 27 (22-41) 35(24-41) 28 (22-40) 0.0014
Indications for liver transplantation

Congenital biliary atresia 16 3 13 0.327

Acute hepatic failure 12 4 8

Primary sclerosing cholangitits 1 1 0

Others 6 2 4
Complications during pregnancy (n=35) (n=10) (n=25)
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(2.0) 5(50.0) 2(8.0) 0.0120
Liver dysfunction 4(11.4) 2(200) 2(8.0) 0.561
Pregnancy-induced hypertension 6(17.1) 5(50.0) 1(4.0) 0.0040
Delivery outcomes ! (n=31) (n=8) (n=23)
Preterm delivery 10(28.6) 4(50.0) 6(26.1) 0.381
Cesarean delivery 12(38.7) 4(50.0) 8(34.8) 0.676
Low birth weight (<2500g) 12(38.7) 5(8.3) 7(30.4) 0.206
Extremely low birth weight (<1500g) 4(129) 3(3.8) 1(4.3) 0.0432
Birth defects 2(65) 1(1.3) 1(4.3) 0.456

*Three pregnancies (3 recipients) who underwent artificial abortion were excluded from analysis.
T Four pregnancies (4 recipients) with spontaneous abortion or fetal death were excluded from

analysis. Numbersin parenthesis were percent.
Manuscript ID LT-13-513

254x190mm (96 x 96 DPI)

John Wiley & Sons, Inc.
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Fig. 1 Subjects in this study

38 pregnancies (30 recipients)

Artificial abortion: 3 pregnancies!

35 pregnancies (27 recipients)

Spontaneous abortion: 1 pregnancy
Fetal death: 3 pregnancies!

Live birth
31 pregnancies (25 recipients)?

1In one recipient, artificial abortion was performed at the first pregnancy

and the second pregnancy was r_esulted in fetal death.
2Six recipients had live birth By & sens. ine.
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Abstract

Background The present study aimed to evaluate etiol-
ogy-based differences in the risk of waiting list mortality,
and to compare the current Japanese transplant allocation
system with the Child-Turcotte—Pugh (CTP) and the
Model for End-Stage Liver Disease (MELD) scoring sys-
tems with regard to the risk of waiting list mortality in
patients with primary biliary cirrhosis (PBC).

Methods Using data derived from all adult candidates for
deceased donor liver transplantation in Japan from 1997 to
2011, we assessed factors associated with waiting list
mortality by the Cox proportional hazards model. The
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waiting list mortality risk of PBC patients was further
estimated with adjustment for each scoring system.
Results Of the 1056 patients meeting the inclusion cri-
teria, 743 were not on the list at the end of study period;
waiting list mortality was 58.1 % in this group. In multi-
variate analysis, increasing age and PBC were significantly
associated with an increased risk of waiting list mortality.
In comparison with patients with hepatitis C virus (HCV)
infection, PBC patients were at 79 % increased risk and
had a shorter median survival time by approximately
8 months. The relative hazard of PBC patients was statis-
tically significant with adjustment for CTP score and
medical point score, which was the priority for ranking
candidates in the Japanese allocation system. However, it
lost significance with adjustment for MELD score. Strati-
fication by MELD score indicated a comparable waiting
list survival time between patients with PBC and HCV.
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Conclusions PBC patients are at high risk of waiting list
mortality in the current allocation system. MELD-based
allocation could reduce this risk.

Keywords: Child-Turcotte—Pugh -
Liver transplantation - Model for End-Stage Liver Disease

Introduction

Liver transplantation is the only curative treatment option
with excellent long-term results in patients with end-stage
liver diseases. At present, the number of patients waiting to
undergo liver transplantation is increasing in Japan, as well
as in both Europe and the United States. However, many
patients are dying on the waiting list because of the donor
organ shortage. For example, recent waiting list mortality
was reported as being 22.8 % in the United States [1].
Management of liver transplant waiting lists is aimed at
minimizing waiting list deaths by prioritization of those
with a higher mortality risk, and by ensuring allocation of
available organs to these patients. Therefore, prioritization
and allocation decisions require the accurate prediction of
the survival probability of patients.

The indications for liver transplantation include a wide
variety of liver diseases, including viral hepatitis, autoim-
mune hepatitis, cholestatic disease, metabolic disorders,
and hepatic neoplasms. Because each type of liver disease
has disease-specific therapeutic options and associated risk
of complications, liver disease etiology can influence the
patient’s natural disease course and risk of death. More-
over, disease-specific clinical tools are widely used to
determine prognosis in patients with primary biliary cir-
rhosis (PBC) [2, 3] and primary sclerosing cholangitis [4].
However, it is uncertain whether patients waiting for liver
transplantation have a disease-specific risk for waiting list
mortality, and whether the ability of the currently used
allocation system to assess the urgency of transplantation
could be generalized to every patient with heterogeneous
etiology.

By consensus, a disease severity index used to allocate
liver donor organs should be able to predict the probability
of death in patients with end-stage liver diseases of heter-
ogeneous etiology. In the United States, where a large
number of patients are registered for liver transplantation,
the Child-Turcotte—Pugh (CTP) score [5] was initially
applied to assess the severity of liver disease in the United
Network for Organ Sharing (UNOS) allocation algorithms,
because of its simplicity and recognized ability to assess
prognosis in patients with heterogeneous chronic liver
disease. Subsequently, a number of studies have demon-
strated the accuracy of the Model of End-Stage Liver
Disease (MELD) score [6] in predicting short-term

mortality risk in patients with end-stage liver disease [7-9].
Since February 2002, the MELD score has therefore been
used as a UNOS criterion for allocating organs to patients
waiting for liver transplantation [10].

On the other hand, in the countries with a small number
of registrations for liver transplantation, a system of pri-
oritization based on a detailed clinical review, which
includes CTP score, MELD score, and other disease-spe-
cific prognostic scores, as well as patients’ demographics,
laboratory data, and disease histories, by a small number of
expert clinicians is likely to be used to judge disease
severity and potential mortality accurately. This clinical
judgment-based prioritization of patients awaiting liver
transplantation was initiated in October 1997 in Japan and,
at present, little information is available concerning the
prognostic ability of this allocation system.

The aims of the present retrospective study were: (1) to
clarify the disease-specific risk for waiting list mortality in
patients waiting for liver transplantation; and (2) to com-
pare the current system of waiting list prioritization and
organ allocation in Japan with the MELD and CTP scoring
systems with regard to the risk in PBC patients, who have
the highest risk of waiting list mortality.

Patients and methods
Patients and liver allocation policy in Japan

This was a nationwide retrospective cohort study. We used
the Japan Organ Transplant Network (JOT)/the Assessment
Committee of Indication for Transplantation database to
identify all patients listed for deceased donor liver trans-
plantation in Japan between October 15, 1997 and August
31, 2011. We excluded patients who were less than
18 years of age because they had a spectrum of primary
diagnoses substantially different from those of patients
older than 18 years. We also excluded patients listed for
retransplantation to ensure that all observations represented
unique individuals. Finally, we excluded patients who were
diagnosed with acute liver failure because these patients
rarely have chronic liver disease and are assigned the
highest priority.

For JOT registration, the demographic, clinical, and
laboratory data including CTP score, MELD score, or
disease-specific prognostic score of all candidates are
reviewed, and each candidate is assigned a clinical priority
by the Assessment Committee of Indication for Trans-
plantation (four physicians, five surgeons, and one pedia-
trician). The priority of candidates is represented by a
medical point system, in which points are awarded
according to estimated survival: 9 points for estimated
survival <30 days, 6 points for <180 days, 3 points for
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<360 days, and 1 point for >360 days. In patients with
hepatocellular carcinoma, the points were determined only
by the degree of hepatic decompensation. Additional points
are awarded according to ABO blood group compatibility:
1.5 points for an identical blood group and 1 point for a
compatible blood group. Patients with higher total points
have a higher priority for donor liver allocation. For
patients with identical points, waiting time is a liver allo-
cation measure.

Age of the patient, blood type, etiology of liver disease,
and medical point at listing were available for all the patients.
Detailed demographic, clinical, laboratory data, including
CTP score and MELD score at the time of listing, were
available only in patients registered since June 22, 2006. The
CTP score uses two clinical variables (ascites and encepha-
lopathy), and three laboratory parameters (serum bilirubin
and albumin levels and prothrombin time). Each variable is
assigned a score from 1 to 3, with the aggregate score rep-
resenting the CTP score [5]. Although the original CTP score
used different criteria for total bilirubin level between
patients with cholestatic disease and those with other etiol-
ogies, the criteria for the CTP score in the current Japanese
allocation system did not change according to the etiology of
liver disease. The MELD score was calculated using the most
recent version of the formula documented on the UNOS
website [11]: 9.57 x loge(creatinine mg/dL) + 3.78 x
loge(bilirubin mg/dL) 4+ 11.2 x log.(international normal-
ized ratio [INR]) + 6.43, rounded to the nearest integer.
Liver disease etiology was not incorporated in this version of
the formula. Laboratory values less than 1.0 were set to 1.0
and the maximum serum creatinine was set to 4.0 mg/dL.
The serum creatinine was set to 4.0 mg/dL if the patients had
received dialysis at least twice within the week prior to the
serum creatinine test. The MELD score was not capped at a
score of 40. In PBC patients, the spontaneous survival pre-
dicted by the updated Mayo model was calculated as
described previously [3].

Outcome

The patients’ follow-up ended on 30 September 2011. The
primary endpoint “waiting list mortality” or “waiting list
death” was a combination of death and removal from the
waiting list because the patient became too sick for trans-
plantation or was otherwise medically unsuitable. We
considered patients who were removed from the transplant
list on account of clinical deterioration to be equivalent to
patients who died, because these chronic liver diseases are
almost uniformly fatal in the short term without trans-
plantation. All other outcomes were censored, with the
most common censoring events being transplantation or list
removal due to an improvement in the patient’s condition
resulting in the patient no longer requiring transplantation.

_@ Springer

Statistical analysis

Cox proportional hazards ratios (HRs) with 95 % confi-
dence intervals (CI) for waiting list mortality were esti-
mated with univariate models using age, gender, blood
type, etiology of liver disease, as well as multivariate
models using age and etiology of liver disease. To compare
patients’ characteristics between chronic hepatitis C virus
(HCV) infection and PBC, we used the Mann—Whitney
U test for numerical variables or the chi-square test for
categorical variables. The HRs with 95 % CI for waiting
list mortality of PBC patients were adjusted for each dis-
ease severity index, such as medical point, CTP score, and
MELD score by bivariate Cox proportional hazards mod-
els. The rates of survival were estimated by the Kaplan—
Meier method, and compared by log-rank test. All analyses
were conducted using IBM SPSS version 19 (IBM SPSS,
Chicago, IL, USA). A P value below 0.05 was considered
to be statistically significant.

Results
Patient characteristics and outcome

A total of 1,407 patients were listed for deceased donor
liver transplantation through the JOT registry during the
study period. Of these patients, 1,295 (92.0 %) were aged
>18 years. The etiology of liver disease in these subjects is
shown in Table 1. The most prevalent diagnoses in patients
>18 years were HCV infection (254 of 1,295, 19.6 %),
hepatitis B virus infection (157 of 1,295, 12.1 %), and PBC
(156 of 1,295, 12.0 %), and these accounted for 43.7 % of
all patients >18 years. Of 1,295 patients, 239 were
excluded from the study: 142 for acute liver failure and 97
for repeat liver transplant. Thus, a total of 1,056 patients
formed the study cohort. In the study cohort, 64 % of
patients were men and the median age of all patients was
51 years (range, 18—69 years). At listing, 78 patients were
registered at medical point 1, 297 at point 3, 682 at point 6,
and 29 at point 9. A flow diagram of the patient outcomes
is shown in Fig. 1. At the end of study period, 313 patients
were still listed and 743 had been removed from the list,
with 267 removed for liver transplantation, 378 for death,
and 98 for other reasons, including 54 who were too sick,
11 for improvement in their condition, and 33 for an
unknown reason. Of the 267 patients who received liver
transplantation, only 81 cases were able to receive
deceased donation in Japan, and this accounted for 10.9 %
of all patients removed from the list. Waiting list mortality,
a combination of death and becoming too sick for trans-
plantation, accounted for 58.1 % of all the patients
removed from the list.
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Factors associated with waiting list mortality

In univariate analysis, age, biliary atresia, PBC, hepato-
cellular carcinoma, metabolic diseases, polycystic diseases,

Table 1 Etiology of liver disease

Total >18 years <18 years
(n=1407) (n=1295 (n=112)
Cholestatic diseases 381 325 56
BA 93 48 46
PBC 156 156 0
PSC 105 99 6
Caroli disease 8 7 1
Others 18 15 3
Hepatocellular diseases 567 565 2
HCV 254 254 0
HBV 157 157 0
HCV and HBV 8 8 0
Alcoholic 48 48 0
ATH 22 22 0
NASH 25 25 0
Cryptogenic cirrhosis 53 51 2
HCC 76 76 0
Acute liver failure 163 142 21
Graft failure 121 97 24
Vascular disease 12 12 0
Metabolic disease 62 53 9
Polycystic disease 24 24 0
Others 1 1 0

AIH autoimmune hepatitis, BA biliary atresia, HBV hepatitis B virus,
HCC hepatocellular carcinoma, HCV hepatitis C virus, NASH non-
alcoholic steatohepatitis, PBC primary biliary cirrhosis, PSC primary
sclerosing cholangitis

and vascular diseases showed statistically significant
association with waiting-list mortality. In multivariate
analysis, age (HR 1.04; 95 % CI 1.03-1.05, P < 0.001),
PBC (HR 1.79; 95 % CI 1.34-2.39, P <0.001), and
polycystic diseases (HR 0.27; 95 % CI 0.10-0.73,
P = 0.01) were independently associated with waiting list
mortality (Table 2). Hence, PBC patients had a 79 %
higher risk of waiting list mortality compared with HCV
patients with adjustment for age.

Waiting list mortality of PBC patients

The Kaplan—Meier waiting list survival curves for all PBC
and HCV patients are shown in Fig. 2. The 1- and 2-year
survival probabilities in HCV patients were 63 and 49 %,
respectively (median 631 days, 95 % CI 355-907 days),
whereas those in PBC patients were 51 and 33 %, respec-
tively (median 392 days, 95 % CI 283-500 days); the dif-
ferences between them represented a statistically significant
difference (log-rank test, P < 0.001). Detailed demographic
and clinical characteristics were available in 189 of 254 HCV
patients and 81 of 156 PBC patients who were registered
after June 2006. A comparison of the characteristics of
patients with PBC and HCV is shown in Table 3. In com-
parison with HCV patients, PBC patients were younger and
predominantly female. Patients with PBC had significantly
higher platelet counts and serum bilirubin values, and lower
INR and serum creatinine values. Neither the CTP score nor
the medical point at listing was different between the groups.
Conversely, the MELD score at listing was significantly
higher in patients with PBC than in those with HCV. In
addition, the median of the updated Mayo risk score was 9.4
in the PBC patients, and this predicted 1- and 2-year spon-
taneous survival rates of 74 and 54 %, respectively.

Fig. 1 Flow diagram of patient
outcomes. DDLT deceased
donor liver transplantation,
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Table 2 Univariate and multivariate analysis of variables associated
with waiting list mortality

Table 3 Comparison of patient characteristics between HCV and
PBC

Variables Univariate Multivariate Variable HCV (n = 189) PBC (n = 81) P value
HR 95% CI Pvalue HR 95%CI P value Age (years) 55 (29-69) 52 (27-69) 0.02%
Age (peryearof 1.04 1.03-1.05 <0.001 1.04 1.03-1.05 <0.001 Gender 143/46 15/66 <0.001°
age) (male/female)
Male gender 093 0.77-113 048 Platelet count 6.0 (1.7-49.0) 10.2 (2.242.3) <0.001*
Blood type (x10%uL)
A 1.00  Reference Albumin (g/dL) 2.8 (1.84.4) 2.8 (1.442) 0.96*
B 1.07 0.83-143 061 Total bilirubin 2.7 (0.4-39.8) 7.2 (0.741.2) <0.001*
(6] 113 0.90-1.43 0.29 (mg/dL)
AB 126  090-1.77 0.17 Creatinine 0.78 (0.4-7.4) 0.67 (0.37-2.83) <0.001*
Etiology (mg/dL)
HCV 1.00  Reference Prothrombin 54.7 (11.0-103.0) 62.2 (16.0~120.0) 0.001*
BA 040 022072  0.002 time (%)
PBC 162 121216 0001 179 1.34-2.39 <0.001 INR 1.51 (0.98-6.24)  1.32 (0.914.31) 0.001*
PSC 079 054117 024 MELD score 15 (7-52) 17.5 (8-39) 0.002*
HBV 0.77 0.56-1.05 0.10 CTP score 10 (6-15) 10 (5-15) 0.27%
Alcohol 095 059-153  0.83 Medical point ~ 54/135 22/59 0.81°
AIH 077 034-174 052 @, 3/6, 9)
NASH Lil - Gaedes 05D Data are shown as median (range). Data were available for patients
HCC 146 1.05-2.05 0.003 who were listed after June 22, 2006
MZ;::’;? 040 DRe-0as CTP Child-Turcotte-Pugh, HCV hepatitis C virus, /NR international
normalized ratio, MELD model of end-stage liver disease, PBC pri-
ngzzss;ic 026 010-0.70 0008 027 010-0.73 0.1 sivies, Biliey oitrhicnia
Vascular 0009 001067  0.002 s
disease b Chi-square test
Others 0.70  0.34-1.43 0.33

AIH autoimmune hepatitis, BA biliary atresia, HBV hepatitis B virus, HCC
hepatocellular carcinoma, HCV hepatitis C virus, HR hazard ratio, NASH non-
alcoholic steatohepatitis, PBC primary biliary cirrhosis, PSC primary scleros-
ing cholangitis
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Fig. 2 Kaplan—-Meier curves comparing the cumulative waiting list
survival probability of patients with chronic hepatitis C (HCV,
n = 254) and primary biliary cirrhosis (PBC, n = 156)
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Fig. 3 Adjusted risk of waiting list mortality for patients with
primary biliary cirrhosis compared with patients with chronic
hepatitis C

To examine which disease severity index was able to assess
the risk of PBC patients accurately, we estimated their relative
hazards with adjustment for each index. We did not estimate
age-adjusted relative hazard because age was not included in
the allocation measures. Figure 3 indicates the crude and dis-
ease severity index-adjusted HR for waiting list mortality of
PBC patients with reference to HCV patients. In univariate
analysis, PBC patients were at 62 % (HR 1.62; 95 % CI
1.21-2.16, P = 0.001) increased risk of waiting list mortality
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compared with HCV patients. In bivariate analysis, the medi-
cal point-adjusted HR of waiting list mortality of PBC patients
was significantly higher than that of HCV patients (HR 1.58;
95 % CI 1.07-2.35, P = 0.02). The CTP score-adjusted HR
also showed a significantly increased risk of waiting -list
mortality in PBC patients (HR 2.15; 95 % CI 1.42-3.25,
P < 0.001). However, the MELD score-adjusted HR did not
show a statistically significant risk of waiting list mortality in
PBC patients (HR 1.29; 95 % CI 0.87-1.91, P = 0.21).
Waiting list survival of patients with HCV and PBC was
compared with stratification by each of the disease severity
indices (Fig. 4). Patients with medical point 6, for which
most PBC and HCV patients were registered, showed a
significantly shorter waiting list survival for PBC patients
than of HCV patients (median 261 vs. 503 days,
P = 0.02). In patients with CTP score >10, the score
classified as C, the shorter waiting list survival of PBC
patients was also significant (median 235 vs. 475 days,
P = 0.03). On the other hand, when they were selected by
MELD >15, the score indicating patients who can be
expected to achieve improved survival with liver trans-
plantation [12], there was no significant difference in the
waiting list survival rate between them (P = 0.13).

Discussion

The result of this study clearly indicated that the most
common reason for removal from the waiting list in Japan
was “waiting list death”, which was a combination of

death and becoming too sick for transplantation. The
waiting list death included 58.1 % of all the patients
removed from the list. In the United States, a recent report
indicated that waiting list death was the reason for removal
from the list in 25.9 % of adult patients [1]. Although this
report included patients with acute liver failure and re-
transplantation, high waiting list mortality in Japan was
evident. Thus, the high mortality rate on the liver transplant
waiting list is a major challenge in Japan. Moreover, severe
donor organ shortage in Japan should contribute to the high
waiting list mortality [13]; an improved organ allocation
policy will be necessary to cause a decrease in waiting list
death.

In this study, we found that PBC patients had a signif-
icantly higher risk of waiting list mortality compared with
patients with other etiologies in the JOT registry. Since
PBC is currently the third most common diagnosis in the
JOT registry for liver transplantation, poor waiting list
survival of PBC patients would contribute to the high
waiting list mortality in Japan. PBC is a cholestatic liver
disease that causes bile duct deterioration and progresses
slowly to a terminal phase characterized by hyperbilirubi-
nemia, signs of decompensated cirrhosis, ascites, and var-
iceal bleeding. Only one type of medical therapy, involving
the use of ursodeoxycholic acid (UDCA), is now widely
recognized to improve the prognosis of PBC patients.
Many studies have shown that UDCA therapy not only
improves biochemical indices, but also delays histologic
progression and improves survival without transplantation
[14-16]. However, evidence has also accumulated that the
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favorable effect of UDCA therapy is limited to patients
with early-stage disease. In histologically advanced
patients or biochemical non-responders, the transplant-free
survival rate of UDCA-treated patients was not different
from spontaneous survival [16, 17]. This means that PBC
patients have no effective medical therapeutic option to
prolong their survival when they have progressed to end-
stage liver disease, and liver transplantation remains the
only hope of a cure [18, 19]. PBC patients in our cohort
also showed a consistently poor survival of a median per-
iod of 392 days.

The reason why PBC patients have a higher risk for
waiting list mortality compared with patients with other
etiologies of chronic liver disease is not clearly understood.
Interestingly, PBC patients were younger, and their INR
and serum creatinine levels were lower than for HCV
patients at registration. This indicated that neither age nor
liver and renal function at registration alone caused poor
waiting list survival of PBC patients; the registration of
PBC patients was not later than that for HCV patients. The
rate of disease progression and lethal complications might
be involved in their short waiting list survival rate. More-
over, the actual waiting list survival rate in PBC patients
was not greater than the updated Mayo score-predicted
spontaneous survival rate. This observation indicated that
the PBC patients on the waiting list were refractory to the
medical therapy and their waiting list survival suddenly
deteriorated. Further analyses, particularly on the cause of
death, are required to clarify the pathophysiology of PBC
patients who have progressed to end-stage liver disease.

In general, deceased donor livers are allocated for
transplantation on the basis of “sickest first”, i.e., those
who are more likely to die without a liver transplantation
are assigned the highest priority. Therefore, the disease
severity index used in the liver allocation system should
consider the urgency of PBC patients for liver transplan-
tation. However, our results have clarified the inability of
the currently used Japanese allocation system to identify
the risk of PBC patients. The medical point-adjusted HR of
PBC patients revealed that they were at 58 % increased
risk of waiting list mortality compared with HCV patients.
In addition, the CTP score-adjusted HR showed that PBC
patients were at 115 % increased risk for waiting list
mortality. Thus, it is not only the current allocation system
but also the CTP score-based allocation that cannot capture
the risk for waiting list mortality in PBC patients. On the
other hand, we found that the MELD score-adjusted HR of
PBC patients lost statistical significance, and stratification
by MELD score revealed comparable survival curves
between patients with PBC and HCV. These results indi-
cated that PBC patients had a similar risk of waiting list
mortality compared with patients with other etiologies
when they were stratified by MELD score. At the time of
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registration, the patients with HCV and PBC had different
characteristics; however, only the MELD score accurately
evaluated their disease severity, and therefore, MELD-
based allocation would adequately assign priority to the
patients according to their risk of waiting list mortality.
Thus, our results demonstrated that the MELD score was
superior to both the current Japanese allocation and CTP
score-based allocation for ranking patients in the JOT
registry by their risk of waiting list mortality.

In addition, patients should be re-evaluated according to
their chronological change of hepatic failure to improve
allocation. However, most patients with chronic liver disease
were waiting at medical point 6 as an upper limit, because the
highest priority at medical point 9 was generally awarded to
the patients with acute liver failure or early graft failure in the
current Japanese allocation system. Therefore, the current
allocation system did not completely reflect the chronolog-
ical change in the degree of liver failure. Thus, the MELD
score, which was expressed numerically as a continuous
variable with a wide dynamic range in the evaluation of
hepatic decompensation, would have an advantage over the
medical point system for assessing the chronological change
in patients’ risk of death.

In conclusion, this study demonstrated that patients with
PBC, the third most common indication for liver trans-
plantation in Japan, have a high risk for waiting list mor-
tality in the current Japanese allocation system. The
allocation system should be changed to accurately priori-
tize the patients with a higher mortality risk; MELD-based
allocation would be suitable for this purpose and could
reduce the waiting list mortality of PBC patients.
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Background. HCV infection is associated with lipid disorders because this virus utilizes the host lipid metabolism to sustain its
life cycle. Several studies have indicated that higher concentrations of serum cholesterol and LDL before treatment are important
predictors of higher rates of sustained virological response (SVR). However, most of these studies involved patients infected with
HCV genotype 1. Thus, we performed a multi-institutional clinical study to evaluate the impact of lipid profiles on SVR rates
in patients with HCV genotype 2. Methods. A total of 100 chronic hepatitis C patients with HCV genotype 2 who received peg-
IFN alfa-2b and ribavirin therapy were consecutively enrolled. The significance of age, sex, BMI, AST level, ALT level, WBC,
hemoglobin, platelet count, gamma-glutamyltransferase, total cholesterol level (TC), LDL level, HCV RNA, and histological
evaluation was examined for SVR using logistic regression analysis. Results. The 100 patients infected with HCV genotype 2 were
divided into 2 groups, an SVR group and a non-SVR group. Characteristics of each group were subsequently compared. There
was no significant difference in the level of HCV RNA, BMI, platelet, TG, or stage of fibrosis between the groups. However, there
were significant differences in the levels of TC and LDL-C. In multivariate logistic regression analysis using baseline characteristics,
high TC level was an independent and significant risk factor (relative risk 18.59, P = 0.015) for SVR. Conclusion. Baseline serum
total cholesterol levels should be considered when assessing the likelihood of sustained treatment response following the course of
peg-IFN and ribavirin therapy in patients with chronic HCV genotype 2 infection.
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1. Introduction

Hepatitis C virus (HCV) causes acute and chronic hepatitis
as well as liver cirrhosis and hepatocellular carcinoma [1]. A
single-stranded RNA genome encodes 1 large open reading
frame that is processed into at least 10 proteins by host and
viral enzymes [2]. Some viral proteins are known to affect the
outcome of pegylated interferon (PEG-IFN) and ribavirin
combination therapy, which is the current standard for
treating chronic hepatitis [3, 4].

HCYV infection is associated with lipid disorders because
this virus utilizes the host lipid metabolism to sustain its life
cycle [5, 6]. Accordingly, understanding lipid metabolism in
HCV infection is necessary for developing new strategies for
complete eradication of this virus. Characteristic lipid disor-
ders observed in chronic hepatitis C patients include steatosis
and hypocholesterolemia, which are primarily caused by
abnormal triglyceride (TG) and cholesterol metabolism,
respectively [7]. The metabolic pathways of these 2 lipids are
closely related to each other.

Several studies have indicated that higher concentrations
of serum cholesterol and LDL before treatment are impor-
tant predictors of high rates of sustained virological response
(SVR) [8-10]. However, most of these studies involved
patients who were infected with HCV genotype 1. Prognostic
factors are likely to differ considerably between genotypes 1
and 2. For example, two studies have shown that total PEG-
IFN and ribavirin doses are independent predictive factors of
an SVR to the HCV genotype 1, whereas another found that
dosages of PEG-IFN and ribavirin on SVR are not related
to the genotype 2 [11, 12]. Total dosages of PEG-IFN and
ribavirin may similarly influence the SVR to genotypes 1 and
2. Identifying factors involved in the responses of patients
infected with HCV genotype 2 to PEG-IFN and ribavirin
is important when considering treatment strategies. Fewer
patients are infected with HCV genotype 2 than genotype 1.
Thus, we performed a multi-institutional clinical study to
evaluate the impact of lipid profiles on SVR rates in patients
with HCV genotype 2.

2. Patients and Methods

2.1. Patients. A total of 685 patients with chronic hepatitis C
diagnosed between 2004 and 2008 in the Nagasaki Associa-
tion for the Study of Liver Disease (NASLD) were recruited
for this study. All patients were included if they were positive
for HCV antibodies and serum HCV RNA. One hundred
patients with HCV genotype 2 who received pegylated
interferon alfa-2b (PEG-INF) and ribavirin therapy were
consecutively enrolled. Exclusion criteria were as follows:
(1) positive for serum hepatitis B virus surface antigen, (2)
abnormal thyroid and kidney functions, (3) decompensated
liver disease, (4) presence of human immunodeficiency virus
type I infection, and (5) ever received specific antiviral
therapy prior to referral.

2.2. Study Protocol. This study is retrospective study.
Response to antiviral treatment was assessed in patients
based on HCV viremia and aminotransferase levels. Patients
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treated with a combination of PEG-IEN alfa-2b (product
by MSD) and ribavirin received 1.0-1.5pug/kg and 600-
800 mg daily of each drug, respectively. SVR was defined
as both normal aminotransferase levels and undetectable
serum HCV RNA 24 weeks after the end of antiviral therapy.
The remaining patients were considered nonvirus responders
(non-SVR).

Fasting serum samples were obtained in the early morn-
ing for biochemical analysis. Body mass index (BMI) was
calculated as body weight in kilograms divided by the square
of the height in meters (kg/m?). Liver biopsy specimens were
fixed in 10% formalin, embedded in paraffin, cut to a thick-
ness of 4 ym, and stained with hematoxylin-eosin and Azan.
All liver tissue specimens were evaluated by one pathologist
who was unaware of patient clinical conditions. Liver his-
tology was evaluated according to the degree of fibrosis
and necroinflammatory activity [13]. The extent of fibrosis
(staging) was classified as follows: F1 (periportal expansion),
F2 (portoportal septa), F3 (portocentral linkage or bridging
fibrosis), and F4 (cirrhosis). Necroinflammatory activity
(grading) was classified as follows: Al (mild), A2 (moderate),
and A3 (severe). In order to define the cutoff parameter for
total cholesterol level (TC), LDL, and TG for the SVR of PEG-
IFN alfa-2b and ribavirin in HCV patients, we used the ROC
curve. The area under the curve was 62% (CI 95%: 51%-—
75%), 72% (CI 95%: 59%-86%), and 61% (CI 95%: 46%—
76%), respectively. The ideal cutoff point for the TC, LDL,
and TG was calculated to be 177 with sensitivity equal to 58%
and specificity equal to 77%, 98 with sensitivity equal to 57%
and specificity equal to 77%, and 88 with sensitivity equal to
56% and specificity equal to 67%, respectively.

The protocol was approved by the Ethical Committee of
the Nagasaki University School of Medicine.

2.3. Statistical Analysis. Descriptive summaries of study
groups are reported as the median (range) and number (%).
Data were analyzed using the Mann-Whitney U test for
continuous ordinal data, and the chi-square test with Yates’
correction and Fisher’s exact test were performed for inter-
group comparisons to determine the association between 2
qualitative variables. P-values <0.05 were considered statis-
tically significant. Variables achieving statistical significance
according to univariate analysis were subsequently included
in the multivariate analysis using a logistic regression model
and were described as relative risk (RR) with 95% confidence
intervals (CI). Coefficients were calculated from the linear
discriminating function of the variables. Data analysis was
performed using SPSS version 16.0 for Windows.

3. Results

3.1. Patient Clinical Features. Baseline characteristics of the
100 patients infected with HCV genotype 2 are shown in
Table 1. There were 54 male (54%) and 46 female (46%)
patients, with a median age of 57 years.

The 100 patients infected with HCV genotype 2 were
then divided into 2 groups, an SVR group (74 patients) and
Non-SVR group (26 patients). Characteristics of each
group were subsequently compared (Table 2). There was no
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TasLE 1: Characteristics of 100 studied patients with HCV genotype
2.

All 100
Age 57.0 (24-76)
Sex (%)

Male 54 (54)
Female 46 (46)
Height (cm) 162 (138-186)
Weight (kg) 58 (37-87)
BMI (kg/m?) 22.7 (18.4-30.8)

Clinical finding (%)

Chronic hepatitis 93 (93)

Cirrhosis 7 ¥
WBC (/uL) 5100 (2100-9730)
Hemoglobin (g/dL) 14.0 (10-16)
Platelet (10%/uL) 20.4 (6.9-26.5)
AST (IU/L) 42 (17-157)
ALT (IU/L) 52 (11-280)
TC (mg/dL) 177 (106-269)

<177 mg/dL (%) 50 (50)

=177 mg/dL (%) 50 (50)
TG (mg/dL) 88 (56-262)

<88 mg/dL (%) 50 (50)

>88 mg/dL (%) 50 (50)
LDL-C (mg/dL) 98 (30-167)

<98 mg/dL (%) 50 (50)

>98 mg/dL (%) 50 (50)
HCV RNA (KIU/mL) 1000  (20-40900)
Distribution of stage of fibrosis (%)

0-1 43 (43)

2 17 (17)

3 11 (11)

4 4 (4)

Unknown 25 (25)
Distribution of grade of inflammation (%)

0-1 39 (39)

2 34 (34)

3 2 (2)

Unknown 25 (25)
Treatment period (week) (%)

<24 10 (10)

24 83 (83)

25-48 5 (5)

>48 2 2)
Therapeutic efficacy (%)

SVR 74 (74)

Non-SVR 26 (26)

Data are median (range) or frequency (%).

significant difference in the level of HCV RNA, BMI, platelet,
TG, or stage of fibrosis between the groups. However, there
were significant differences in the level of TC and LDL-C.

3.2. Univariate and Multivariate Analysis of Factors Associated
with SVR to Pegylated Interferon Alfa-2b and Ribavirin
Therapy. Univariate and multivariate analysis in 100 patients
infected with HCV genotype 2 was performed to iden-
tify independent factors relevant to an SVR (Table 3). In
univariate analysis, the following 2 factors significantly
influenced the SVR: TC (=177 mg/dL; relative risk, 3.77; 95%
confidence interval (95% CI), 1.41-10.05; P = 0.008) and
LDL-C (=98 mg/dL; relative risk, 4.91; 95% ClI, 1.19-20.23;
P = 0.028). However, in multivariate analysis, TC was the
only independent factor for SVR (relative risk, 18.59; 95%
CI, 1.78-193.65; P = 0.015).

3.3. Association of SVR Rate to Combination Therapy and
TC Level. The 100 patients infected with HCV genotype 2
were then divided into 2 groups, a high serum TC level
group (2177mg/dL) and a low serum TC level group
(<177mg/dL). Characteristics of each group were subse-
quently compared (Table 4). There was no significant dif-
ference in age, the level of ALT, WBC, hemoglobin, platelet,
TG, stage of fibrosis or grade of inflammation between the
groups. However, there were significant differences in sex,
BM], the level of AST, TG, LDL-C, and HCV RNA.

We examined the differences in the 4 indices related to
SVR rate between high serum TC level and low serum TC
level in HCV genotype 2 patients (Figure 1). The SVR rate
in low serum TC level patients was 62% (31 of 50), whereas
86% of patients (43 of 50) had serum high TC levels. The
significantly higher SVR rate of serum high TC level than low
serum TC levels was observed in 100 patients infected with
HCV genotype 2.

4. Discussion

In this retrospective study, we showed a significant asso-
ciation of treatment response with baseline characteristics
of patients infected with HCV genotype 2, including HCV
viral load, BMI, and serum cholesterol level. Several baseline
predictors for SVR have been identified in earlier studies [14—
17]. Notably, among pretreatment features in the present
study, serum TC levels appeared to discriminate responders
from nonresponders independently of different treatment
schedules. The response rate to standard treatment for
patients with HCV genotype 2 using a combination of PEG-
IFN and ribavirin is approximately 80% and remains a major
concern in patient care. Our findings confirm serum high
TC level as a good predictor of SVR in genotype 2. In
patients with genotype 2, the SVR rate in patients with low
serum TC levels was 62%, whereas 86% had high serum TC
levels. Serum cholesterol as a predictor of SVR in patients
with chronic hepatitis C is in accordance with the results of
previous studies [8-10, 18-20]. However, our study design
included only patients with HCV genotype 2.

A cutoff value of total cholesterol of 177 mg/dL in this
study represented the best value in terms of sensitivity and
specificity for SVR. Our cutoff total cholesterol level was
lower than other previous studies [8—10, 18-20]. However,
American Diabetes Association guidelines suggest that a goal
should be a total cholesterol of <160 mg/dL in patient with
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TaBLE 2: Factors associated with response to peginterferon alfa-2b and ribavirin therapy.
SVR (Range or %) Non-SVR (Range or %) P value
Total 74 26
Age (y.0.) 57 (24-72) 57 (31-78) NS
Sex (%)

Male 33 (45) 13 (50)

Fernale 41 (55) 13 (50) NS
BMI (kg/m?) 23.1 (15.4-30.9) 21.0 (18.4-26.0) NS
WBC (/uL) 5100 (2100-9730) 5145 (3000-8300) NS
Hemoglobin (g/dL) 14.1 (10-16) 14.0 (10-16) NS
Platelet (10%/uL) 217 (6.9-26.5) 115 (7.3-21.1) NS
AST (TU/L) 39 (17-377) 44 (17-140) NS
ALT (IU/L) 51 (11-751) 53 (14-169) NS
TC (mg/dL) 183 (106-269) 163 (127-248) NS

<177 mg/dL (%) 31 (42) 19 (73)

>177 mg/dL (%) 43 (58) 7 27) 0.005
TG (mg/dL) 98 (56-262) 83 (74-176) NS

<88 mg/dL (%) 33 (44) 17 (67)

>88 mg/dL (%) 41 (56) 9 (33) NS
LDL-C (mg/dL) 109 (30-167) 88 (64-117) 0.015

<98 mg/dL (%) 30 (40) 20 (77)

>98 mg/dL (%) 44 (60) 6 (23) 0.020
HCV RNA (KIU/mL) 1000 (20-40900) 1850 (37-24200) NS
Distribution of stage of fibrosis (%)

1 31 (42) 12 (46)

2 14 (19) 3 (12)

3 (8) 5 (19)

4 3 (4) 1 (4)

Unknown 20 (27) 5 (19) NS
Distribution of grade of inflammation (%)

1 27 (36) 12 (46)

2 25 (34) 9 (35)

3 2 (3) 0 (0)

Unknown 20 (27) 5 (19) NS

Data are median (range) or frequency (%).

type 2 diabetes who is at low risk [21]. Furthermore, Miller
et al. reported that American type 2 diabetic patients had an
average cholesterol level of 179 mg/dL [22].

The reason for SVR improvement in patients with
elevated serum cholesterol levels is unknown. In patients
with chronic hepatitis B and hepatitis C, serum lipid levels
have been reported to be correlated with specific cytokines
that may have antiviral activity, including tumor necrosis
factor-alpha and interleukin-6 [23]. This hyperlipidemia-
induced increase in cytokine levels may have a favorable and
potentially additive effect on antiviral treatment in patients
with chronic hepatitis C. Another proposed mechanism may
be related to a possible regulatory effect of cholesterol in
HCV binding to cell surface receptors, which in turn may
be relevant to viral clearance [24]. The LDL receptor, a

membrane glycoprotein, has been shown to be involved in
HCV entry into hepatocytes, and data suggest that HCV
RNA levels correlate with LDL receptor expression {25, 26].
Elevated serum concentrations of LDL may decrease the
number of LDL receptors located on hepatocytes.

Recent studies have shown that single nucleotide poly-
morphisms located in the gene region encoding interleukin
28b (IL28B) are strongly associated with the response to
PEG-IFN and ribavirin therapy [17, 27, 28]. Total choles-
terol, LDL cholesterol, and ApoB concentrations are sig-
nificantly higher in chronic hepatitis C patients carrying a
second IL28B major allele (CC in rs 12979860) compared
with those possessing minor alleles (CT or TT) [29]. There-
fore, the association between serum LDL cholesterol con-
centration and SVR may be reflected by the underlying link
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