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To overcome severe donor shortage, Japanese doctors
over the years have developed innovative strategies to
maximize organs transplanted per brain death donor
and expanded the donor pool using living donors.
They also used living and marginal organs and dras-
tically improved living donor lung, liver, pancreas and
kidney transplantations. Moreover, they initiated ABO
blood type incompatible liver transplantation advance-
ments and succeeded in overcoming the blood type
barrier in kidney and liver transplantations. Similar ef-
forts are underway for pancreas transplantation. Fur-
thermore, Japanese doctors have developed a nonag-
gressive step to achieve immunosuppression following
organ transplantation by carefully monitoring donor-
specific hyporesponsiveness and infectious immunos-
tatus. However, the institution of amendments to al-
location systems and the intensification of efforts to
decrease living donor morbidity and to increase the
number of brain death donors have remained im-
portant issues needing attention. Overall, the strate-
gies Japan has adopted to overcome donor shortage
can provide useful insights on how to increase organ
transplantations.

Key words: Brain death, blood type, incompatible
transplantation, living donor liver transplantation.

Abbreviations: ABO-1, ABO-incompatible; Cl, cal-
cineurin inhibitor; DDLT, deceased donor liver trans-
plantation; DDLuT, deceased donor lung transplanta-
tion; LDLLuUT, living donor lobar lung transplantation;
LDLT, living donor liver transplantation; LFS, large-for-
size; LRKT, living related kidney transplantation, MMF,
mycophenolate mofetil; OTPD, organs transplanted per
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Introduction

The Japanese organ transplantation experience over re-
cent years has been beset by a severe donor shortage be-
cause of the restrictions imposed by the organ transplan-
tation law of 1997. In this law, family consent was required
for organ recovery even in executing a documented will of
a donor and the donor age must be 15 years or older. This
shortage of deceased organ donors has reshaped the cur
rent practice and nature of organ transplantation in Japan
and catalyzed the development of unique innovations in
living donor transplantation.

The revision of the transplantation law in June, 2010 in-
volved a change from the “opt-in” system to the “opt-out”
system, leading to the progressive increase in the number
of brain death donors and all donors except two concurred
by family consent without executing a documented will.
Although the restriction of donor age was removed, there
has been only one pediatric donor and the allocation sys-
tem has remained unchanged. Despite these efforts, organ
recovery was performed in only 115 brain death donors
since the first case in February 1999.

As an overview of the current status of organ transplan-
tation in Japan, first, we present Japanese strategies for
maximizing organs transplanted per brain death donor and
outcomes, the approaches taken to expand the donor pool
using living donors and the innovations introduced to in-
crease the number of transplantation, focusing on efforts
to use living and marginal organs to improve transplanta-
tion outcomes. Second, we describe and provide insights
into the unique features of Japanese living donor lung,
liver, pancreas and kidney transplantations (KTs) and ABO
blood type incompatible liver transplantation. Finally, we
lay out the current challenges and perspectives of organ
transplantation in Japan.

This minireview aims to provide important information and
useful insights regarding the strategies and innovations
Japan has adopted over the years to increase organ trans-
plantation under scarcity of deceased donors.
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Japanese strategies for maximizing organs
transplanted per brain death donor and outcomes

To maximize organs transplanted per donor (OTPDJ, the
Japan Organ Transplant Network introduced a new system
in November 2002. This system involved the partnership
of well-trained transplant consultant doctors and local doc-
tors in assessing donor hemodynamics and providing in-
tensive care to donors. Their primary goal is to substantially
improve cardiac and lung functions (1). These consultant
doctors tirelessly performed bronchial toileting for donors
and assisted local anesthesiologists in maintaining optimal
circulatory and respiratory conditions during recovery.

With the implementation of this new system, the OTPD
in Japan substantially increased to 6.8 in 2008, compared
with the United States OTPD of 3.04. As of December
2010, 89 heart, 1 heart-lung, 87 lung, 95 liver and 84 pan-
creas transplantations were performed from 115 consec-
utive brain death donors.

For heart transplantations, 90 heart donors included only
21 standard criteria donors for the heart. The remaining
B9 heart donors were marginal donors, with high-dose
inotrope requirement in 33, with histories of cardiopul-
monary resuscitation in 33 and who were older than
55 years without coronary angiogram in 8. None of the
89 heart and 1 heart-lung recipients died of primary graft
function. In the 89 heart transplantation patients, 80 were
supported with a left ventricle assisting system and the
average waiting time was 960 days (range, 29-2772 days).
The 10-year posttransplantation survival rate was 95%
{(Figure 1A). Deaths were caused by infection in two pa-
tients at 4 months and 4 years and gastric cancer in one
patient at 11 years.

For lung transplantations, 187 procedures have been suc-
cessfully performed as of December 2010. These trans-
plantations involved deceased donor lung transplantation
{DDLuUT) in 87 patients, achieving a 10-year patient survival
rate of 51% (Figure 1B} and living donor lobar lung trans-
plantation (LDLLuUT) in 100 patients (2). Sustained efforts,
such as aggressive treatment of donor atelectasis by bron-
choscopy or single lung transplantation, have been made
to effectively utilize marginal donors. Moreover, lungs were
used for transplantation in more than 60% of brain death
donors. Presently, more than 130 patients are waitlisted
for DDLUT with an average waiting time of 1037 days. The
distribution of diagnoses as indication for lung transplan-
tation is unique in Japan (3), with idiopathic pulmonary
arterial hypertension (n = 42, 23%) as the most frequent
indication, followed by lymphangioleiomyomatosis (n = 36,
19%), idiopathic interstitial pneumonia (n = 30, 16%) and
bronchiolitis obliterans (n = 25, 13%). Emphysema (n = 8,
4%} and cystic fibrosis (n = 3, 2%) are rare indications.

The long-term liver (Figure 1D) and kidney (Figure 1E} trans-

plantation outcomes were comparable to those in Western
countries.
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For pancreas transplantation, 84 procedures from brain
death donors and two from donors after cardiac death have
been successfully performed. Of the deceased donors,
63% were over 40 years, 59% died of cerebrovascu-
lar attack and over 50% required muitiple catecholamine
treatments at the agonal phase. The recipients were also
"marginal” with an average age of 41.5 years, a diabetic
period of 28.4 years, a dialysis duration of 7.4 years and
an average waiting time of 1482 days. Between 2000 and
2007, the pancreas procurement rate reached 75%.

For simultaneous pancreas and kidney (SPK) transplanta-
tion, Japan has achieved a S-year patient survival rate of
98%, a pancreas graft survival rate of 74% {Figure 1C) and
a kidney graft survival rate of 71%.

Expansion of donor pool using living donors

Because of the limited number of donor organs, organ
transplantation over the years has transformed into the
expansion of the donor pool as part of the innovation
in living donor transplantation. Pioneering attempts have
been made to use donor after cardiac death in KT, living
donor in lung, liver, kidney and pancreas transplantations
and marginal donors such as ABO blood type incompati-
ble (ABO-l) kidney, liver and pancreas transplantations to
expand the donor pool.

Living donor lung transplantation

LDLLUT has become a realistic option for properly selected
candidates to expand the donor pool and has been suc-
cessful in patients on a ventilator or on extracorporeal
membrane oxygenation (4). However, because of possi-
ble serious complications in donor lobectomy, LDLLUT has
been indicated only for critically ill patients. Moreover, it
requires two healthy donors with a compatible blood type.
For pediatric lung transplantations, all 21 cases encoun-
tered underwent LDLLuUTs, because organ recovery was
not allowed from brain death donors younger than 15 years
until the transplantation law revision. The Japanese expe-
rience has revealed higher 5- and 10-year survival rates
of 81% and 76% with LDLLUT {n = 100) than the 71%
and 51% with DDLuT {n = 87; p = 0.122), respectively
(Figure 1B). Long-term improvement in survival has also
been achieved using LDLLUT by transplanting two lobes
from two donors, taking advantage of the contralateral un-
affected lung as a reservoir in case of unilateral chronic
rejection (5). To date, there has been no perioperative mor-
tality among living donors.

Living donor liver transplantation

Organ transplantation in Japan saw an initial increase in
the number of living donor liver transplantation (LDLT) of
up to 570in 2005, followed by a decrease and status quo of
about 450 LDLTs. There were two major LDLT innovations
in the last decade: Resolution of graft size mismatch and
resolution of blood type mismatch.

American Journal of Transplantation 2012; 12: 523-530
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Figure 1: Patient survival rates {%) following organ transplantation in Japan. (A} Patient survival rates (%) in heart transplantation
{n = 89) The 10-year patient survival rate was 95%. (B} Patient survival rates (%) in lung transplantation (n = 187}): The 10-year patient
survival rate was 76% in living donor lobar lung transplantation (LDLLT, n = 100} and 51% in deceased donor lung transplantation {DDLT,
n = 87). {C) Graft survival rates (%) in pancreas transplantation in living donor transplantation (n = 25) and deceased donor transplantation
{n = 86). (D) Patient survival rates in liver transplantation {n = 5653 as of December 2009): The 10-year survival rate (%) in DDLT (n =
65) was 70% and that in LDLT {n = 3573) was 72% according to the Japanese Liver Transplantation Society. (E) Graft survival rates {%])
in kidney transplantation since 2001 {n = 5649): The 5-year graft survival rate of the donor after cardiac death kidney transplantation (n =
839} was 77%, that after brain death donor kidney transplantation {n = 80} was 85% and that after living donor kidney transplantation (n =
4730) was 91%.

The resolution of graft size mismatch involved small-for-size Tokyo group has innovatively included the left caudate lobe
{SFS) and large-forsize (LFS) grafts. Japan has also devel- to the left lobe graft and developed a patch technique to
oped a strategy for a successful LDLT in infants involv- obtain outflow without congestion (8,9). The Kyoto group
ing the application of hyperreduced left lateral segments achieved further success by portal modulation {10,11).
(6). Moreover, considerable efforts have been made to im-

prove LDLT using the left lobe following an experience of To assess LDLT-associated complications, the Japanese
donor death with LDLT involving a right lobe graft with the Liver Transplant Society reviewed the complications in
middle hepatic vein obtained from a donor with nonalco- 299 donors among 3565 living liver donors (8.9%; Ref.
holic steatohepatitis (7). In line with all these efforts, the 12} and reported a case of operation-related mortality

American Journal of Transplantation 2012; 12; 523-530 525

334



Egawa et al.

(0.03%). Sustained efforts are underway to reduce donor
complications.

Living donor pancreas transplantation

To date, five centers in Japan have performed living related
pancreas transplantations in 25 patients (i.e. 21 SPK, 1 pan-
creas after kidney and 3 pancreas alone transplantations).

The first living donor SPK (LDSPK) transplantation was
performed in 16 cases and ABO-| transplantations were
performed in six cases (13). In the LDSPK transplanta-
tion, donor operation involved right nephrectomy followed
by distal pancreatectomy with open laparotomy in eight
donors and a laparoscopic procedure in eight donors.
Among the 16 cases of LDSPK transplantation, 14 showed
no complications, diabetes or renal dysfunction. Only one
donor developed a Clavien grade | pancreatic fistula and
one donor formed a grade lll-a pancreatic cyst. Moreover,
14 patients achieved insulin independency immediately af-
ter LDSPK and have maintained insulin independency and
shown normal endocrine function. LDSPK transplantation
has, thus, far achieved a 3-year patient survival rate of
100%, a 3-year pancreas graft survival rate of 88% and
a 3-year kidney graft survival rate of 94%. As of December
2010, the number of LDSPK became 25 (Figure 1C).

Living donor kidney transplantation (LDKT) and donor
after cardiac death (DCD) transplantation

As of December 31, 2007, 21 110 KTs were performed
(14). Among 12 455 KT recipients whose follow-up data
were obtained from transplant centers, 9796 were living
donors and 2651 were diseased donors.

Over the last 10 years, the number of KTs has signifi-
cantly increased, with 1312 KTs performed in 2009 alone,
of which 189 cases (14.4%) were deceased donor KTs and
only 14 cases (8%) were brain death donor KTs. Until 1997,
all deceased donor KTs were DCD KTs.

In the 5649 KTs performed between 2001 and 2007, the
5-year graft survival rates were 77% in DCD KT {n = 839},
85% in brain death KT (n = 80) and 91% in LDKT (nh =
4730) (Figure 1E).

KT outcomes have also dramatically improved over the
last decade (14). The 5-year graft survival rate in deceased
donor KT improved from 66.7% between 1983 and 2000
(n = 2801) to 78% between 2001 and 2007 (n = 919). The
5-year graft survival rate in living donor KT improved from
82% (n = 7089) to 91% (n = 4730). One possible reason
for this improvement is the introduction of tacrolimus and
mycophenolate mofetil (MMF) in 2001. Interestingly, the
outcome of DCD KT in Japan was better than that in Eu-
rope or the United States, possibly because the kidney of
Japanese could be genetically more tolerant to ischemic
injury.
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For initial immunosuppression in KT, calcineurin inhibitors
(Cls} had been administered because of the unavailability
of antithymoglobulin in Japan. Although the incidence of
rejection has been low, delayed graft function has been
observed in 70-80% of cases. There have been remarkable
improvements in KT outcomes from cardiac death donors,
but acute rejection and donor age have been identified
as independently associated with graft outcome (15). To
overcome this problem, KT patients receive intense follow-
up even at an additional cost of the medical institution.

Cardiac death organ transplantation

In DCD donation, physicians are allowed to tumn off the
respirator only after confirming cardiac death. Statements
regarding kidney and pancreas recovery from DCD are in-
cluded in the transplantation law but there are none for
liver and lung recovery. However, the law does not prohibit
liver and lung recovery from DCD. Three DCD liver trans-
plantations were performed separately in 1964, 1968 and
1993 and two DCD pancreas transplantations were carried
out in 1997.

ABO blood type incompatible liver transplantation
Liver: in LDLT in Japan, the chance of transplantation
across the ABO blood type barrier is only 10% and 623
ABO-I LDLTs were registered as of the end of 2010. To
address this issue, two innovative strategies have been
formulated: Hepatic infusion therapy and rituximab pro-
phylaxis (16). The effects of rituximab prophylaxis on ABO-
I adult LDLT have been maximized by administering rit-
uximab earlier than 1 week before transplantation (17).
The Kyushu group successfully eliminated local infusion
treatment by B-cell desensitization with rituximab (18). Al-
though the outcome of ABO-I LDLT was inferior to those
of ABO-compatible and identical LDLTs (Figure 2A), out-
come in adult ABO-t LDLT has been dramatically improved
by rituximab prophylaxis (Figure 2B).

Recently, the Hiroshima group spearheaded the develop-
ment of a novel concept in preventing antibody-mediated
rejection (AMR) in ABO-| transplantation, which involved
the elimination of B cells responding to blood group A car
bohydrates through blockade of B-1 cell differentiation by
Cls (19).

Japanese doctors have also exerted considerable efforts
to identify AMR markers to enable early diagnosis and im-
mediate treatment. These markers included edema in the
portal tracts with portal hemorrhage and mild neutrophil in-
filtration as early diagnostic histological features of humoral
rejection in ABO-I liver transplantation (Figure 3A; Ref. 20).
Diffuse C4d staining in portal capillaries and periportal ar-
eas observed in severe AMR has also been identified as a
good surrogate marker (Figure 3B).

Kidney: To overcome deceased donor shortage, Japanese
doctors have also pioneered in ABO-| LDKT. The first case

American Journal of Transplantation 2012; 12: 523-530
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liver transplantations. (B} Adult patient survival rates {%}] following
ABO-incompatible liver transplantation in three regimens: The sur
vival rate was improved with the introduction of hepatic infusion
therapy and further with rituximab. The base regimen consisted
of triple immunosuppression with plasma exchange with or with-
out splenectomy. The infusion regimen was composed of base
regimens with hepatic infusion. The rituximab regimen consisted
of a base regimen with rituximab prophylaxis with or without hep-
atic infusion. The 5-year patient survival rates were significantly
different at 70%, 54% and 31 % for the rituximab, hepatic infusion
and base regimens, respectively (p < 0.001). (C} Patient and graft
survival rates {%) after kidney transpiantation between blood type
incompatible LDKTs.

of ABO-I living related KT (ABO-l LRKT) was performed
in 1989 and more than 20% of LRKTs in 2009 were
ABO-l {14). Two major innovations for immunosuppres-
sion in ABO-I LRKT have been initiated: The introduction of
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tacrolimus and MMF in 2001 and that of rituximab in 2005.
ABO-l LRKTs performed in 876 cases between 2001 and
2007 has achieved relatively high graft survival rate of 86%
at 5 years after transplantation (Figure 2C; Refs. 14,21).
Recently, Tokyo Women's Medical University has reported
a 5-year graft survival rate of 97% for ABO-l LRKT with
rituximab. The recent pioneering efforts made for ABO-I
LDKT have produced higher graft survival rates and lower
incidence rates of AMR than those for ABO-compatible
LRKT (22).

Pancreas: For the six ABO-I LDSPK transplantations per
formed in Japan, pretransplantation rituximab desensiti-
zation has achieved insulin independency and withdrawal
from hemodialysis without any AMR episode in all patients
{(13).

Current Challenges and Perspectives

Anti-HLA antibody-related rejection

The recent recognition of the importance of qualitative
and quantitative evaluations of anti-HLA antibodies in KTs
has led to the development of successful strategies using
rituximab and IVIG to prevent organ rejection {23). Con-
troversies, however, remain regarding the significance of
conventional cytotoxic lymphocyte crossmatch in liver
transplantation (24,25). The single beads method has also
been used to identify quantitative changes of donor spe-
cific antibody (DSA) in a case of fatal AMR (26). Compre-
hensive strategies for identifying DSA quantitative changes
have nearly been established in KT, but remain a challenge
in liver transplantation. Determined attempts are underway
to introduce innovative B-cell depleting regimens for ABO-
| transplantation when DSA-positive combination cannot
be avoided in LDLT. Efforts are also currently focused on
clarifying the importance of DSA in long-term graft injuries
in kidney and liver transplantations. Further developments
in immunosuppressants, which have led to the approval
of evelorimus only for heart transplantation, are also being
initiated to prevent organ rejection.

Tolerance

Innovations to reduce immunosuppresant use have
been spearheaded by the Kyoto group, which has at-
tempted tacrolimus withdrawal in pediatric LDLT (27). The
tacrolimus withdrawal based on hepatic chemistry values
caused severe graft fibrosis, but liver functions remained
normal. The Hiroshima group has, in turn, identified an im-
munoregulatory role of sinusoidal endothelial cells in mice
and has developed a novel mixed lymphocyte reaction as-
say capable of indicating donor specific hyporesponsive-
ness in humans (28,29). The group’s strategy has been to
gradually reduce immunosuppression by confirming donor
specific hyporesponsiveness, successfully improving toler-
ance in adult LDLT cases.
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Tailor-made immunosuppression based on infectious
immune status

Infectious complications have remained the primary cause
of posttransplantation mortality. This has prompted the
clarification of CD8 immunity features in LDLT (30). This
has also led to the detailed elucidation of host immune
regulation from the viewpoints of the CD8*CD45 iso-
forms and the demonstration of the coupled regulation of
interleukin-12 receptor beta-1 of CD8* central memory and
CCR7-negative memory T cells in an early alloimmunity in
liver transplant recipients (30). From this recent elucidation
of immune molecular mechanisms, tailormade immuno-
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Figure 3: Early histopathological
findings in antibody-mediated re-
jection after ABO-incompatible liver
transplantation. The liver specimens
were fixed in 10% buffered forma-
lin, processed routinely, cut into 3-um-
thick paraffin sections and stained. (A)
Edema in the portal tracts with portal
hemorrhage and mild neutrophil infiltra-
tion (hematoxylin and eosin stain). Al-
though periportal hepatocyte necrosis
is occasionally observed, perivenular
necroinflammation is usually minimal
orabsent in the early phase of antibody-
mediated rejection. These histopatho-
logical findings can only be observed
within several days after the onset
of antibody-mediated rejection. (B) Dif-
fuse C4d staining in portal capillaries
and periportal areas in severe antibody-
mediated rejection. A polyclonal an-
tibody against C4d complement (BI-
RC4D; Biomedia, Vienna, Austria) in the
ratio 1:50 was used with an automated
immunostainer (BENCHMARK XT, Ven-
tana Medical Systems, Tucson, AZ,
USA). For antigen recovery, deparaf-
finized and rehydrated sections were
treated with protease | (Ventana Med-
ical Systems, 0.5 U/mL) at 37°C for
20 min.

suppression seems promising and should receive greater
attention.

Summary, Implications and Future Goals

The success of Japan in overcoming diseased donor short-
age over the years lies in its strategy of maximizing organs
transplanted per brain death donor, expanding the donor
pool using living donors, using living and marginal organs
to improve outcomes, steady improvements in living donor
lung, liver, pancreas and KTs and advancing ABO blood
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type incompatible liver transplantation. Moreover, the ex-
cellent outcomes of donor after cardiac death KT have in-
spired Western countries to follow Japan’s example. Japan
has also overcome the ABO blood type barrier in kidney
and liver transplantations and is exerting sustained efforts
in achieving this in pancreas transplantation. Immunosup-
pression reduction, leading to improved outcomes after or-
gan transplantation, has been achieved by carefully mon-
itoring donorspecific hyporesponsiveness and infectious
immunostatus. This nonaggressive step has achieved tol-
erance, unlike aggressive strategies such as complete lym-
phocyte depletion or bone marrow transplantation.

Japan has currently achieved the maximum OTPD in brain
death donors through the efforts of dedicated and expe-
rienced surgeons. The application of the Japanese strate-
gies has enormous potential to increase the number of
transplantations under the scarcity of diseased donors and
the additional costs for intensive donor treatment may
prove to be cost-effective.

Despite these innovations, the mortality rate of patients
on the waiting list has remained at 30-40% for all organs.
Therefore, the next issue that must be carefully addressed
by Japan is how to institute amendments to the allocation
systems. Moreover, Japan must intensify and orchestrate
its efforts to decrease morbidity of living donors and to
increase the number of brain death donors.
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