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Conversion to Prolonged-Release Tacrolimus for Pediatric Living
Related Donor Liver Transplant Recipients

T. Ueno, Y. Takama, K. Masahata, S. Uehara, 8. Ibuka, H. Kondou, Y. Hasegawa, and M. Fukuzawa

ABSTRACT

Prolonged-release tacrolimus allows for once-daily dosing. Although many adult
recipients have been switched from standard tacrolimus, prolonged-release tacrolimus
has not been popular for pediatric patients despite the potential benefits for
medication compliance. We report on prolonged-release tacrolimus for 11 pediatric
living related donor liver transplant (LRDLT) recipients. Patients under 18 years of
age who were receiving standard tacrolimus-based immunosuppression and steroid
taper underwent conversion from standard to prolonged-release tacrolimus. We
monitored tacrolimus trough levels and liver function tests (LFTs). We also assessed
adverse effects and satisfaction levels for prolonged-release tacrolimus. Mean age at
transplantation was 4.3 years. The mean duration of follow-up was 12 months. The
ratios of trough levels with prolonged-release vs standard tacrolimus were 0.97, 0.95,
and 0.92 at 1, 2, and 4 weeks post conversion, respectively. Two patients discontinued
prolonged-release tacrolimus owing to abnormal LFTs and neurological abnormalities,
respectively; bul symptoms resolved after reconversion. One patient returned to
standard tacrolimus and the other was converted to cyclosporine. Once-daily admin-
istration satisfied 89% of patients. In the overall assessment, conversion to prolonged-
release tacrolimus satisfied all patients. Prolonged-release tacrolimus was useful for
pediatric patients after LRDLT. Trough levels after conversion were compatible with
those before conversion. Most patients were satisfied with prolonged-release tacroli-
mus. However, some patienis failed conversion because of unexpected responses.
Close observation after conversion is required even if patients have previously had an
uneventful course on standard tacrolimus.

ROLONGED-RELEASE tacrolimus, which is now

commercially available, allows for once-daily dosing. It
is widely used in adulis; however, the new formulation is
currently not popular for pediatric patients. Immunosup-
pression can be withdrawn in some pediatric patients after
living retated donor liver transplantation (LRDLT), but
most subjects require life-long immunosuppression. Once-
daily administration is potentially beneficial in terms of
medication compliance for pediatric patients. Herein we
have reported on prolonged-release tacrolimus in pediatric
patients after LRDLT.

MATERIALS AND METHODS

Patients who were less than 18 years old at the time of
conversion and who underwent LRDLT at our institution were
included in this study. They had originally received the standard
tacrolimus formulation with a steroid taper. Our tacrolimus
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taper was a target tacrolimus trough level of 10-15 ng/mL for
the first month after transplantation; 5-10 ng/mL for 1 year, and
3-5 ng/mL thereafter. Steroids were administered to all patients.
Patients received a bolus dose of methylprednisolone (20 mg/kg)
at the time of transplantation, and were tapered off by 4 months
thereafter, Prednisolone was continued for patients who had an
episode of biopsy-proven acute cellular rejection or postiranse
plant hepatitis. Mycophenolate mofetil was administered to
selected patients who experienced a steroid-resistant acunte
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cellular rejection episode proven by another biopsy following
steroid therapy. No patients were withdrawn from immunosup-
pressive therapy.

Prolonged-release tacrolimus at twice the dose of standard
tacrolimus was given in the morning immediately before the
switch, All subsequent prolonged-release doses were taken
daily in the morning. Because once-daily prolonged-release
tacrolimus was only available in capsule form, capsules were
prescribed even if patients had taken the granule form of
standard tacrolimus.

Blood samples to measure tacrolimus trough levels were taken
just before the morning dose of prolonged-release or standard
tacrolimus. Trough levels were measured 12 hours after the
previous standard tacrolimus dose; prolonged-release tacroli-
mus levels were measured 24 hours after the previous dose.
Samples were collected in the clinic at 1, 2, and 4 weeks
following conversion. Whole blood samples were placed in tubes
containing EDTA and stored at 4°C. Concentrations were
measured within 4 hours using the Architect 2000 (Abbott
Laboratories).

Serum aspartate aminotransferase (AST), alanine transaminase
(ALT), gamma-glutamyl transpeptidase (GGTP), and total biliru-
bin levels were measured concurrently with the tacrolimus trough
levels, We assessed adverse effects of prolonged-release tacrolimus
and levels of patient and parent satisfaction.

Data were analyzed using the JMP Ver. 8.0 software package
(SAS, Cary, NC), Continuous variables presented as median values
with ranges were compared using nonparametric tests or Student
t test if the data were normally distributed; categorical variables, as
numbers with percentages were evaluated with Pearson’s x* test or
Fisher Exact Test. A p value less than .05 was considered to be
statistically significant.

RESULTS

The characteristics of the 11 patients switched from
standard to prolonged-release tacrolimus are shown in
Table 1 Mean age at transplantation was 4.3 years (range,
1.1-8.2). Mean age at conversion was 11.3 years (range,
6.9-16.3). The mean duration of follow-up was 12.0
months (range, 2.4-20.4), Underlying diseases included
biliary atresia (n = 9), Wilson’s disease (n = 1), and
ornithine transcarbamylase deficiency (n = 1). Tacroli-
mus trough levels are shown in Fig 1. Trough levels just
before conversion did not correlate with prolonged-
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Fig 1. Prolonged-release tacrolimus trough levels 4 weeks

after conversion. Each line indicates the change in the tacrolimus
trough level for an individual patient. Standard tacrolimus (Tac
BID) trough levels were measured just prior to conversion, and
prolonged-release tacrolimus (Tac QD) trough levels were mea-
sured 4 weeks after conversion (P = .21; paired t test).

release values at 4 weeks thereafter (P = .21). The
average ratios of standard to prolonged-release tacroli-
mus trough levels at 1, 2, and 4 weeks after conversion
are shown in Fig 2. Mean tacrolimus trough levels after
conversion decreased gradually. The trough level 4 weeks
post conversion was 0.92 of standard tacrolimus, a dif-
ference that was not significant (P = .26). The outcomes
of conversion are shown in Fig 3. Two patients discon-
tinued prolonged-release tacrolimus owing to abnormal
liver function tests and neurological abnormalities, re-
spectively (Fig 4). One patient returned to standard
tacrolimus and the other was switched to cyclosporine,
with resolution of symptoms soon after discontinuation.

Of the 9 children who continued with prolonged-
release tacrolimus, 89% of patients were satisfied with
once-daily administration and the capsule formulation,
although younger patients needed training on how to
swallow capsules. In the overall assessment, all patients
were satisfied with conversion to prolonged-release ta-
crolimus.

Table 1. Patient Characteristics

Patient Gender Age at Tx Original Disease Age at CV BW (kg) Observation (mo) Tac BID Dose (mg) Other IS
1 Male 4.1 Biliary Atresia 16.3 63 14.3 1.5 PSL
2 Male 1.3 Biliary Atresia 11.4 38 20.4 2.5 PSL
3 Female 11 Biliary Atresia 10.3 28 14.83 1.5 MMF
4 Female 8.2 Wilson's disease 15.8 49 14.3 2 None
8 Male 5.9 Biliary Atresia 13.3 45 10.1 3 PSL
8 Female 1.8 Biliary Atresia 8.3 23 3.6 0.5 PSL
7 Female 1.4 Biliary Atresia 7.6 21 2.4 0.8 PSL
8 Female 1.2 Biliary Atresia 18.2 39 24 2 PSL
9 Female 6.0 Biliary Atresia 8.8 26 20.0 3 PSL + MMF
10 Male 4.7 Biliary Atresia T 29 18.3 1 PSL
11 Female 5.6 OTCD 6.9 20 3.1 1.2 None

Tx, transplant; CV, conversion; BW, body weight; IS, immunosuppression; PSL, prednisolone; MMF, mycophenolate mofetil; OTCD, ornithine transcarbamylase

deficiancy.
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Fig 2. Mean prolonged-release tacrolimus trough levels over
time. Tacrolimus trough level ratios were plotted for 1, 2, and 4
weeks postconversion. Week 0: standard tacrolimus trough level =
1. Each number comesponds to (prolonged-release tacrolimus
trough level)/(standard tacrolimus trough level). Each P value rep-
resents a comparison with the standard tacrolimus trough level

(week 0).

DISCUSSION

Prograf, an immediate-release formulation, is administered
twice daily to prevent and treat allograft rejection in liver
transplant patients. A prolonged-release formulation (Gra-
ceptor) has been developed to provide once-daily dosing;
however, it is only available in capsule form.

Liver transplant patients are generally monitored with
routine blood tests that include liver function tests (LFTs).
Some patients may no longer require immunosuppression.
However, pathological changes are sometimes detected
even when blood test results are within the normal range.'
Therefore, patients require life-long immunosuppression.
Once-daily administration is also beneficial for drug com-
pliance in pediatric patients who require continued immu-
nosuppression,

This study was designed to determine the efficacy, safety,
and level of patient satisfaction from a switch from the
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standard tacrolimus to the prolonged-release formulation.
Trunecka et al studied the safety and efficacy of dual-
therapy regimens of twice-daily tacrolimus and once-daily
tacrolimus (Advagraf) administered with steroids among
475 adult primary liver transplant recipients who did not
receive antibody induction.” The rate of biopsy-proven
acute rejection episodes at 24 weeks was 33.7% for standard
vs 36.3% for the prolonged-release tacrolimus group. At 12
months, the number of episodes requiring treatment was
similar for patients on both standard and prolonged-release
forms (28.1% and 24.7%, respectively). Twelve-month pa-
tient and graft survivals were 90.8% and 85.6% vs 89.2%
and 85.3% for the standard vs prolonged-release tacrolimus
groups, respectively. Adverse event profiles were similar.
Prolonged-release tacrolimus was well tolerated with simi-
lar efficacy and safety profiles as standard tacrolimus. In our
study, 2 patients experienced unexpected reactions. Close
observation after conversion is required cven if patients
have had an uneventful course on standard tacrolimus.
Beckebaum et al reported that switching of adult liver
transplant recipients from twice-daily to once-daily ta-
crolimus on a 1:1 mg basis was associated with lower
tacrolimus trough levels in nearly (two-thirds of patients
(>25% lower in 28.8% of patients) at 1 week postcon-
version. Tacrolimus concentrations were approximately
10% lower than bascline at week 1 without any dose
changes, remaining significantly lower at week 2 and
prompting us to increase the dosage of tacrolimus with
once-daily dosing in the corresponding patients. These
observations suggested that close monitoring of tacroli-
mus trough levels is essential during the early postcon-
version period. In our study, pediatric liver transplant
recipients displayed lower tacrolimus trough levels after
conversion, consistent with results among adults.”
Satisfaction levels were excellent among both patients
and their parents. In general, medication adherence
tends to decrease during adolescence. So far only a
capsule form is available on the market. Therefore, only
patients who can take capsules can benefit from once-

| after conversion. The flowchart
’ é shows patient outcomes after
conversion. The numbers at each
step represents the number of
patients. Patients 1 and 9 discon-
tinued tacrolimus.

|
,l i Fig 3. Summary of outcomes
|
|
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Fig 4. Clinical courses of the patients who discontinued prolonged-release tacrolimus. (a) Patient 1 had abnormal liver function tests
after switching to prolonged-release tacrolimus, which normalized after prolonged-release tacrolimus was switched back to standard
tacrolimus. (b) In Patient 9, tacrolimus encephalopathy recurred after conversion to prolonged-release tacrolimus, although the patient
did not experience neuropathy for more than 2 years on standard tacrolimus. Tac BID: standard tacrolimus; Tac QD: prolonged-release
tacrolimus; CyA: cyclosporine; AST: aspartate aminotransferase; ALT: alanine transaminase; GGTP: gammaglutamyl transpeptidase;

LTx: liver transplant.

daily dosing. A granule-type formulation is awaited for
once-daily tacrolimus, as is available with standard ta-
crolimus.

In conclusion, prolonged-release tacrolimus was useful
for pediatric patients after LRDLT. Trough levels after
conversion were compatible with those before conversion.
Most patients were satisfied with prolonged-release tacroli-
mus. However, some patients failed conversion because of
unexpected responses. Close observation after conversion is
required even if patients have had an uneventful course on
standard tacrolimus.
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A National Survey of Patients With Intestinal Motility Disorders Who

Are Potential Candidates for Intestinal Transplantation in Japan

T. Ueno, M. Wada, K. Hoshino, S. Sakamoto, H. Furukawa, and M. Fukuzawa

ABSTRACT

Intestinal motility disorders are a major cause of intestinal failure. Severe cases such as
idiopathic pseudo-obstruction represent life-threatening illnessed. Intestinal transplanta-
tion is a treatment for severe motility disorders with irreversible intestinal failure.
However, the prevalence of severe motility disorders is unknown. We performed a national
survey to identify patients with intestinal motility disorders who require an intestinal
transplant. The national survey of 302 institutions treating intestinal motility disorders
identified 147 patients treated from 2006 to 2011 at 46 institutions. The mean patient age
was 12.1 years (range, 0.3-77.5). The mean age of onset was 3.0 years (range, 0.0-68.8).
Diagnoses included chronic idiopathic intestinal pseudo-obstruction (n = 96), Hirsch-
sprung disease (n = 29), megacystis microcolon intestinal hypoperistalsis syndrome (n =
18), and other (n = 6). There were 126 survivors and 21 patients who died during the last
5 years. The mortality rate was 14.3%. Eighty-five percent of patients required parenteral
nutrition for more than 6 months, which was defined as irreversible intestinal failure.
Among surviving paticnts with irreversible intestinal failure, 8 (9.4 %) developed hepatic
failure with jaundice and 27 (31.8%) 2 or more central vein thromboses. In all, at least 35
patients (41%) with irreversible failure due to intestinal motility disorders may be
candidates for transplantation. The prevalence of severe intestinal motility disorders was

clucidated in Japan. Severe cases should be referred to transplant centers.

NTESTINAL MOTILITY DISORDERS are a major
cause of intestinal failure. Severe cases such as
idiopathic  pseudo-obstruction are life-threatening.
Causes of intestinal motility disorders seem to be multi-
factorial, and only a few have been elucidated. The
prognosis is poor for patients with severe illness. The
outcome for intestinal failure has improved dramatically
due to the development of parenteral nutrition (PN).
However PN-related complications, such as central ve-
nous catheter infection, thrombosis of venous access
points, and PN-associated cholestasis of the liver, are still
major problems for patients with intestinal failure. Intes-
tinal transplantation is a treatment for irreversible intes-
tinal failure due to severe disorders of intestinal motility
that can significantly improve the prognosis and quality
of life for patients. Progress in intestinal transplantation
has improved survival. However, the prevalence of severe
intestinal motility disorder is unknown. The Therapeutic
Guidelines for Intestinal Failure Study Group performed
a national survey to identify patients with intestinal
motility disorders requiring an intestinal transplant.

© 2013 by Elsevier Inc. All rights reserved.
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METHODS

This national survey was designed as a 5-year retrospective obser-
vation study involving 302 institutions that trcat intestinal motility
disorders. These institutions were members of the Japanese Society
of Pediatric Surgeons, the Japanese Society for Small Bowel
Transplantation, and the Japanese Study Group for Home Paren-
teral and Enteral Nutrition. After an initial survey, a questionnaire
about cach patient was sent to responding institutions from the
data center based at Osaka University. Patients with intestinal
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failure treated at cach institution from 2006 to 2011 were included.
Exclusion criteria were: (1) final diagnosis other than intestinal
failure, (2) intestinal failure ultimately resolved, (3) intestinal
failure resulting from malignancy, and (4) intestinal failure second-
ary to diseases in other organs. There were 354 patients reported by
69 institutions. Irreversible intestinal failure was defined as depen-

ence on PN for more than 6 months. Out of these 354 patients,
patients with intestinal failure due to motility disorders were
identified. The following factors were assessed for possible associ-
ations with indications for intestinal transplantation: diagnosis,
patient age, age of onset, sex, patient outcome, PN status, liver
function tests (LFTs), and central line access. This study was
approved by the Osaka University Hospital institutional review
board and was supported by Health Science Research Grants from
the Ministry of Health, Labor and Welfare of Japan,

RESULTS

There were 147 patients with intestinal motility disorders
identified from 46 institutions. The prevalence was approx-
imately onc in one million. There were 55 male and 92
female patients. The female-to-male ratio was about 2:1.
The mean patient age was 12.1 years (range, 0.3-77.5
years). The mean age of onset was 3.0 years (range,
0.0-68.8 years). Causes of intestinal failure are shown in
Fig 1. During the observation period, 126 patients survived
and 21 patients died. The mortality rate was 14.3%.

Detailed analysis was added for survivors to determine
indications for intestinal transplantation. Of the surviving
patients, 91 (62.0%) needed PN at least once a week, and 85
(57.8%) required PN for more than 6 months. Those 85
patients were defined as having irreversible intestinal fail-
ure. The following analyses were carried out for patients
with irreversible intestinal failure. Catheter-related compli-
cations were assessed. The site of central vascular access
(internal jugular vein, subclavian vein, and femoral vein)
was reported. The number of venous access failures is
shown in Fig 2. Twenty-seven patients (31.9%) had 2 or
more instances of central vascular access loss.

There were 61 patients (71.8%) who developed abnormal
LFTs suggestive of liver injury from PN, including 8 pa-

Others, 6

Hirshsprung

allied
disorders, 63

Fig 1. Causes of intestinal failure (n = 147). ClIPS, chronic
idiopathic intestinal pseudo-obstruction; MMIHS: megacystis
microcolon intestinal hypoperistalsis syndrome.
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Fig 2. Number of central vascular access losses (n = 126). The
number on the left indicates the number of vascular access
losses.

tients (13%) with jaundice. They were considered to have
severe liver injury resulting from PN.

Fifty-cight patients required at least I hospitalization in
the previous year. Nincleen palients (22.4%) required
hospitalization for more than 6 months over the previous
year, Their quality of life was severely impaired.

A flowchart for identifying possible candidates for intes-
tinal transplantation is shown in Fig 3. Patients dependent
on PN for more than 6 months were defined as having
irreversible intestinal failure. Those with more than 2
central vascular access losses, and abnormal LFTs with
jaundice were considered for candidates for intestinal trans-
plantation. Patients who died from liver failure or infection
might be saved by intestinal transplant. They might be
candidates for intestinal transplant too. In total, 45 patients
were polential candidates for intestinal transplantation.
Additionally, the 19 patients who were hospitalized for
more than 6 months can be potential candidates given their
poor quality of life.

DISCUSSION

Intestinal motility disorders include a wide range of dis-
cases. Chronic intestinal pseudo-obstruction, the most com-
mon type of intestinal mobility disorder, is caused by
ineffective intestinal contraction. It is characterized by
symptoms and signs of intestinal obstruction. Intestinal
{ransplantation can significantly improve the prognosis and
quality of life of patients with intestinal motility disorders in
Japan.' Survival rates in Japan are comparable with rates
from the international intestinal transplant registry.”

Previously, the prevalence of intestinal motility disorders
in Japan was unknown. It was estimated that there were 100
severe cases nationwide. This study supports this figure
because surveillance was of a large enough scale to cover
the entire nation.

There were over 40 patients who may need intestinal
transplantation. However, only 3—4 a year intestinal trans-
plants are performed in Japan, even if 10 times as many
patients may be cured by intestinal transplantation.
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There were 2 major reasons for the relative paucity of
intestinal transplants in Japan. One reason is the lack of
available organs. For a long time, very few organs from
deceased donors were obtainable in Japan. As with other
solid organs, most intestinal transplants in Japan are per-
formed with living donors. The shortage of organs has been
alleviated due to a new act on organ transplantation that
went into cflect in 2010. However, the number of intestinal
transplant has remained steady.

The financial barrier is the other, more profound reason
preventing greater use of intestinal transplantation in Ja-
pan. Since the procedure is not covered by health insurance,
either the patient or the transplant institution must pay the
considerable costs out of pocket.

Some patients develop liver failure with intestinal motility
disorders. These patients need simultaneous liver-intestine
transplants. A combined liver-intestine transplant has less
risk of acute rejection than an isolated intestinal transplant
because the liver may have protective effects on the intes-
tine. Current organ allocation guidelines do not allow for
simultaneous combined liver-intestine organ retrieval; thus,
a simultaneous liver-intestine transpiant is impossible from
deceased donor sources.

Previously, the laws on organ transplantation banned
donors below 15 years of age. Intestinal transplants were
not previously possible in infants because of organ size
mismatch. Such patients will benefit from intestinal trans-

plants in the future. Moreover, younger paticnts sometimes
develop liver failure.” Multiorgan transplantation is a good
option for such patients.*

It is difficult to determine the optimal timing for intesti-
nal transplants to treat intestinal failure associated with
intestinal motility disorders. Severe cases of intestinal mo-
tility disorders should be referred to institutions with exper-
tise in transplantation.

In conclusion, the prevalence of severe motility disorders
in Japan was elucidated. Patients with irreversible intestinal
failure from intestinal motility disorders may be candidates
for intestinal transplantation. Severe cases of motility dis-
order should be referred to transplant centers. Further
investigation for paticnt details is required.
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Histology of Intestinal Allografts

Lymphocyte Apoptosis and Phagocytosis of Lymphocytic Apoptotic
Bodlies Are Diagnostic Findings of Acute Rejection
in Addition to Crypt Apoptosis

Tatsuaki Tsuruyama, MD, PhD*{ Shinya Okamoto, MD,} Yasuhiro Fujimoto, MD,}
Atsushi Yoshizawa, MD,} Elena Yoshitoshi, MD,} Hiroto Egawa, MD,§ Hiroshi Nakase, MD, ||
Wulamujiang Aini, MD,* Masashi Miyao, MD,} Keiji Tamaki, MD,f
Hirohiko Yamabe, MD,* Hironori Haga, MD,* and Shinji Uemoto, MD }

Abstract: Acute rejection of a small-bowel transplant is often
difficult to diagnose due to complicated immune responses. The
present study aimed to elucidate the specific immune responses
involved in intestinal transplant rejection. We correlated im-
munohistologic findings with an increase in crypt apoptosis, which
has been commonly accepted as a criterion for the diagnosis of
acute cellular rejection (ACR). Of 8 patients who received an in-
testinal allograft at Kyoto University Hospital, biopsy specimens
from 7 patients were assessed immunobhistologically with anti-
bodies against 20 types of lymphocytic antigens including CD3,
CD4, CD8, CD79a, CD20, 1gG, and T-cell receptor, along with
assessment of the patients’ clinical courses. It was revealed that, in
addition to apoptotic crypts, T-lymphocyte apoptosis and phag-
ocytosis of apoptotic bodies in the lamina propria of villi were
findings of ACR; both were observed in all cases. Immunostaining
of the Fas ligand, one of the apoptosis-inducing molecules, was
useful for the identification of the apoptotic bodies in the lamina
propria of villi. Apoptotic body phagocytosis may be a surrogate
diagnostic finding of grafts undergoing ACR.

Key Words: intestinal transplantation, apoptosis, Fas ligand,
lymphocyte, phagocytosis, acute cellular rejection
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BACKGROUND

Intestinal transplantation is a commonly accepted
standard therapy for patients with irreversible parenteral
nutrition complications associated with short-bowel syn-
drome,!® Hirschsprung disease, and related diseases such as
chronic idiopathic intestinal pseudo-obstruction syndrome
or megacystis-microcolon-intestinal hypoperistalsis syn-
drome®!® One-year patient survival rate after trans-
plantation has improved, and more than half of the children
who survive a transplant can now be weaned off parenteral
nutrition.!"8 However, acute cellular rejection (ACR), which
may be detected by histopathologic methods, remains the
major cause of intestinal graft failure after transplantation.
Histopathologic diagnosis is useful in the detection of
ACR.""15 In fact, for most patients who experience severe
acute rejection, sufficient recovery of mucosal absorption
function remains difficult, and bacterial infection is in-
evitable.® Therefore, the diagnosis and treatment of acute
rejection in the early phase are critical for postoperative care.

The major histologic finding of acute rejection is a
mixed cellular inflammation infiltrate including activated
large lymphocytes and crypt apoptosis.'>!3 In the current
study, we applied a grading system of acute rejection ac-
cording to criteria defined at an international meeting.'?
Crypt apoptosis involves epithelial stem cell injury, and its
development inhibits sufficient recovery of mucosa. The level
of mucosal damage caused by ulceration due to apoptosis is
therefore critical in terms of transplant success. The aim of
this study was to precisely evaluate immune responses in an
intestinal allograft before the appearance of crypt apoptosis
in order to prevent the development of rejection.

MATERIALS AND METHODS

Case Selection
In the 15 years between May 1997 and February 2012,
8 patients underwent orthotopic intestinal transplantation at
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TABLE 1. Clinical Profiles of Patients and Donors

Patient  Patient: Age (y)/Sex  Donor: Age (y)/Sex ACR (POD)  Steroid Pulse  Immunosuppressants Etiology Induction
1 2/M 20-30/F 12 + Tacro/azatio/steroid SB
2 0/F 20-30/F 12 + Tacro/cyclo/steroid SB OKT3
18 +
20 +
25 +
3 4/M 20-30/F 66 + Tacro/steroid SB
4 4/F 20-30/F 22 + Tacro/steroid SB
5 12/F 20-30/F 27 + Tacro/steroid cup Daclizumab
6 19/M 40-50/M 12 + Tacro/cyclo/steroid SB Daclizumab
7 10/F 30-40/M 11 + Tacro/cyclo/steroid CIIP Basiliximab
19 + Thymoglobulin

Etiology: status of native intestine of the patient.
Steroid pulse: 10 to 20 mg/kg/d.

CIIP indicates chronic idiopathic intestinal pscudo-obstruction syndrome; F, female; M, male; SB, short-bowel syndrome.

Kyoto University Hospital. All of the protocols of this study
were approved by the Committee of Medical Ethics of the
Graduate School of Medicine, Kyoto University, and the
study was performed with the informed consent of the
patients’ parents.

The patients commonly received immunosuppressant
therapy consisting of tacrolimus for suppression of immune
responses to the allograft. In brief, intravenous tacrolimus
(baseline, 5 to 15ng/mL) and methylprednisolone were
commonly used as maintenance therapy for im-
munosuppression in patients 2 to 7./® Mycophenolate mo-
fetil was transiently administrated for treatinent of ACR in
patients 5 to 7 after the present histologic examination.

To evaluate the degree of rejection and the effect of
immunosuppressive therapy, daily endoscopic examina-
tions were performed for the first 2 months. Specifically,
endoscopic examination, including biopsy, was performed
every day or every other day from postiransplantation
operative day (POD) 7 to 20 (Table 1). From POD 21 to 50,
biopsy examination was performed once or twice a week,
and endoscopic examination was performed when patients
complained of fever (> 37°C) and had an increased pe-
ripheral blood C-reactive protein level of >1.0mg/0.1L.
Frozen sections were prepared for immunohistochemical
analysis, and hematoxylin and eosin (H&E)-stained sec-
tions of formaldehyde-fixed paraffin-embedded specimens
were prepared from residual frozen samples. We examined
the immunohistology of frozen biopsied specimens in ad-
dition to the H&E-stained paraffin-embedded specimens
and investigated the early histologic features of ACR
to determine the appearance of ACR before the develop-
ment of crypt apoptosis. When ACR was diagnosed
pathologically, the patients received steroid pulse therapy
(15 to 20mg/kg/d). The profiles of the patients and donors
are shown in Table 1.

Immunohistochemistry

A total of 282 frozen biopsy specimens were taken
from intact and damaged mucosa and used for histologic
diagnosis. The immunohistochemistry protocol was pre-
viously reported.!”

© 2012 Lippincont Williams & Wilkins

The following antibodies, obtained from the indicated
sources, were used for immunostaining: anti-CD3 (Dako,
Glostrup, Denmark); anti-CD4 (Dako); anti-CD8 (Dako);
anti-CD20 (Dako); anti-CD79a (Dako); antileukocyte
common antigen (Dako); anti-CD45RO (Dako); anti-
Ki67 (Dako); anti-p53 (Dako); anti-PCNA (Dako); anti-
cyclin D1(Dako); anti-Fas (Dako); anti-FasL (Nichirei,
Tokyo, Japan); anti-IgG and anti-IgM, used to determine
nonspecific binding (Dako); anti-C4d; and anti-T-cell re-
ceptor «ff chain (Immunotech Inc., Marseille, France). All
antibodies were diluted to 1:100. 3,3'-Diaminobenzidine
or phycoerythrin-labeled streptavidin and fluorescein
isothiocyanate-labeled/phycoerythrin-labeled  streptavidin
(Vector Labs, Burlingame, CA) staining was used for vis-
ualization of the immunohistochemical signal. Terminal
deoxynucleotidyl transferase-mediated deoxyuridine tri-
phosphate-biotin nick end-labeling (TUNEL) staining of
apoptosis was performed using an in situ apoptosis de-
tection kit (Takara, Otsu, Japan).

Diagnosis of ACR

The histology of the intestinal graft was diagnosed
according to previously reported criteria.!’»!%!5 To iden-
tify ACR, the following histologic criteria were used: in-
flammatory infiltrate, increased crypt epithelial apoptosis
(usually with > 6 apoptotic bodies/10 crypts), architec-
tural distortion of villi, and mucosal ulceration changes.
To accurately detect apoptotic bodies, TUNEL staining
of the graft specimens was additionally performed.

Statistical Analysis

Interindividual differences in the responses to high-
dose steroid therapy (> 15mg/kg/d) were assessed using
the Student ¢ test (SPSS 10.0.5 from SPSS Inc., Chicago,
IL), as this test provides the most conservative estimates.
All P values were 2-sided and were considered to be
statistically significant if <0.01. P values were not ad-
justed for multiple testing.
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FIGURE 1. Collection of macrophages and apoptotic bodies in the LP of villi. H&E and immunohistochemical staining of biopsy
specimens of intestinal transplants at POD 9 to 13 were analyzed. A-B, Collection of macrophages (indicated by arrows in A and B
with apoptotic bodies in the LP. A, B, patient 7. C, Apoptotic bodies in the LP are indicated by arrows. Six apoptotic bodies were
observed. D, Crypt apoptosis that appeared 2 days after the collections of LP macrophages containing apoptotic bodies appeared

in patient 5.
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FIGURE 2. TUNEL staining of apoptotic bodies in the LP. TUNEL staining of the normal donor intestine for patient 2 (A) and
transplanted intestine with ACR on POD 12 are shown. B, Arrows indicate the TUNEL-positive cells in the LP. The signal was
visualized with 3,3’-diaminobenzidine. Counter staining was performed with H&E.

RESULTS

Apoptotic Bodies and Phagocytosis in the
Lamina Propria of Villi

The transplanted intestines were assessed through
H&E staining and immunohistochemical analysis of sec-
tions. We commonly observed apoptotic bodies when crypt
apoptosis was present in the lamina propria (LP) of villi
(Figs. 1A—C). These apoptotic bodies were localized around
capillary veins and were frequently eosinophilic. In addi-
tion, the macrophages were weakly eosinophilic and their
collections in the LP of villi contained the apoptotic bodies.
The macrophage collections and apoptosis in the LP (LP
apoptosis) was followed by the appearance of >6 crypt
apoptoses per 10 crypts, which is diagnostic of ACR, in all
7 of the allografts studied (Fig. 1D).

Identification of Apoptotic Bodies

To confirm LP apoptosis, we stained the apoptotic
bodies using the TUNEL method. The normal intestine,
that is intestinal grafts before transplantation, was weakly
stained at the crypt (range, 0.1 to 1.3 per 10 crypts; me-
dian, 0.4 per 10 crypts; n =7) (Fig. 2A). In contrast,
apoptotic crypts in the grafts undergoing ACR were in-
tensely stained (range, 6.2 to 8.5 per 10 crypts; median,
6.3 per 10 crypts; n = 7) and apoptotic bodies in macro-
phages in the LP were additionally stained (Fig. 2B).

© 2012 Lippincort Williams & Wilkins

Apoptotic Bodies in the LP Contained T Cells

To identify the types of cells undergoing apoptosis
in the LP of the graft during ACR, immunohistochemical
analysis using an antibody against the Fas ligand (FasL),
an apoptosis-related molecule, was carried out to detect
apoptosis. In the normal control, that is grafts before
transplantation, intact cells showed FasL signals
(Fig. 3A); in contrast, apoptotic signals were positively
stained by FasL antibody in the graft undergoing ACR in
addition to the intact cells (Fig. 3B).

Subsequently, multicolor fluorescent staining was
performed. FasL and T-cell receptor were doubly stained,
and 4',6-diamidino-2-phenylindole was used to stain the
nuclei. Intact FasL+ T cells were observed in the donor
normal intestine before transplantation. In addition to
this intact FasL + T cells, apoptotic FasL + T cells were
observed in the transplants during ACR (Fig. 3C, D).

Phagocytosis is an Additional Finding of ACR

In addition, macrophages phagocytosing the apop-
totic FasL+ cells were frequently observed in the LP
(Fig. 4A). Immunohistochemical analysis of a serial sec-
tion of the same tissue using an anti-CD68 antibody also
showed that CD68" macrophages phagocytosed FasL +
apoptotic bodies in the LP of villi in allografts ongoing
ACR (Fig. 4B). Thus, FasL staining is useful for
the identification of apoptotic bodies in allografts and
TUNEL staining (Table 2).
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FIGURE 3. Apoptotic bodies containing T cells. (A, B) FasL immunostaining of donor intestine (A) and transplant tissues in ACR
(B). The inset in (B) shows a high-power magnification of an apoptotic body aggregation. The FasL signal in apoptotic clusters was
visualized with 3,3’-diaminobenzidine around the crypt. Counter staining was performed with hematoxylin. C and D, Co-staining
of apoptotic clusters by fluorescent immunostaining of FasL and T-cell receptor. Phycoerythrin-streptavidin-stained FasL (red) and
fluorescein isothiocyanate-streptavidin (green) (T-cell-receptor staining) can be seen. Nuclei were visualized using 4’,6-diamidino-
2-phenylindole. C Triply stained intact FasL+ T cells in the donor intestine before transplantation (patient 7). The arrow indicates
intact FasL+ T cells, D, Triply stained FasL+ apoptotic T cells in the donor intestine before transplantation (patient 7). Arrows in (D)

indicate the apoptotic fragments. Scale bars are shown.

LP Apoptosis may be a Surrogate Finding of
Crypt Apoptosis

On the basis of this staining, we semiquantitatively
scored the apoptosis in the LP (score 0, no signals; score I,
scant and isolated signals; score 2, a few signal ag-
gregations; score 3, signal aggregates surrounding the

182 | www.ajsp.com

crypt). A total of 150 specimens did not contain the suffi-
cient number of crypt (> 10) architecture for the diagnosis
of ACR, and the LP apoptosis score closely correlated with
the crypt apoptosis count in the remaining 132 sections
(R*=0.87, P < 0.001), indicating that LP apoptosis can be
a surrogate finding of crypt apoptosis (Fig. 5).
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FIGURE 4. Phagocytosis of apoptotic bodies. A, FasL immunostaining of an apoptotic body cluster that was phagocytosed by a
macrophage. The FasL signal was visualized with 3,3’-diaminobenzidine. Brown-stained FasL-containing apoptotic bodies sur-
rounding the nucleus of the phagocytosing macrophage. B, Immunostaining of macrophages using anti-CD68, and visualization
of the signal with 3,3’-diaminobenzidine. An apoptotic body cluster that was phagocytosed by a macrophage (brown stain) can
be seen.

DISCUSSION popularized. In the present cases, mycophenolate mofetil
The present study includes only 7 transplants, but  was transiently administrated after our histologic follow-
histologic assessment was performed using 20 types of  up. The treatment protocol for the therapy and follow-up
immunohistochemical markers and was correlated with  has been constitutively stable using tacrolimus and steroids.
the clinical courses. FasL. was selected as a marker of  Although there have been previous reports regarding T-cell
apoptosis in intestinal transplants on the basis of the  apoptosis in the intestine in ongoing ACR or graft-versus-
immunohistochemical study. host disease, its clinical significance has not been evi-
For the long-term period, novel immunologic sup-  dent.'20 In the current study, FasL + T-cell apoptosis was
pressants, such as mycophenolate mofetil, have been  a useful indicator of evident transplant rejection.

TABLE 2. Histologic Profiles of Patients and Donors

Mixed LP
ACR Inflammatory Apoptotic Villous Apoptosis  Phagocytosis FasL + ACR
Patient (POD) Infiltrate Crypt Counts Architecture  (Score) in LP T Cell in LP Other Findings  Grade
1 12 Marked 8.5 Distortion 3 + Marked increase  Chronic rejection 3
and apoptosis
2 12 Marked 6.3 Soughing 3 + Marked increase  Neutrophilic 2
and apoptosis infiltrates
18 59 2 + Modest increase 2,
20 6.1 2 = Modest increase 2
25 6.2 2 + Modest increase 1
5 66 Mild 6.1 2 + Modest increase 1
4 22 Moderate 7.5 Distortion 2 s Modest increase 2
5 27  Marked 6.2 Distortion 2 .o Marked increase 2
6 12 Moderate 6.4 Soughing 2 s Marked increase 2
and apoptosis
i 11 Moderate 6.5 Ulceration 1 4 No significant Cdd 3
increase immunostaining -+
19 7.6 Shortening 3 + No significant 2
increase
Apoptotic crypt count: per 10 crypts
ACR grades 0 to 3 according to the International grading scheme.'?
LP apoptosis indicates lymphocytic apoptosis (in the LP) in ACR; phagocytosis in LP, phagocytosis (of the apoptotic bodics) in LP.
© 2012 Lippincott Williams & Wilkins www.ajsp.com | 183
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FIGURE 5. Correlation between the LP apoptotic score and
the count of apoptotic crypts. A regression analysis of the LP
apoptotic score and the count of apoptotic crypts was carried
out. The shown equation shows the close correlation between
the LP apoptotic score and the count of apoptotic crypts.

It remains unclear how T cells undergoing apoptosis
in the LP result in indeterminate ACR. Because T cells
commonly express both FasL and Fas, 1 plausible mech-
anism of T-cell apoptosis is that FasL produced by some of
the T cells interacted with the Fas on other T cells to induce
their apoptosis.212 In contrast, it was not evident whether
this expressed FasL directly contributed to the crypt
apoptosis that was observed during ACR. Our previous
cytokine measurements suggested that a variety of cyto-
kines increased at the onset of ACR! and that tumor
necrosis factor-o contributed to mucosal damage in graft-
versus-host disease.?? In the present study, we suspect that
FasL, in addition to tumor necrosis factor-e, is the major
factor in mucosal damage of the graft. The phagocytosis of
apoptotic T cells by macrophages that was observed in the
intestinal allografts of the current study was also previously
observed in a liver allograft.?? Thus, these phagocytic
findings may be common to all allografts in ACR.

Because crypt apoptosis is probably irreversible,2%%5
mucosal damage cannot be prevented once crypt apoptosis
has become evident. However, when only surface mucosa
was biopsied, there was often insufficient specimen for the
detection of crypt apoptosis. In this case, accurate evalua-
tion of crypt apoptosis requires TUNEL or other exami-
nation methods that are not routine and take time to
complete. Therefore, identification of the initial and sub-
sequent responses of intestinal allografts leading to ACR is
essential for better prognosis. In the present study, T-cell
apoptosis in the LP was as good an indicative finding as
crypt apoptosis. Although more studies will be necessary
for understanding this T-cell response, T-cell apoptosis
appears to be a useful finding for diagnosing ACR in in-
testinal allografts. Although the study population remains
small in the current study, because there are few compre-
hensive immunohistochemistry studies that are correlated
with clinical findings in patients who have undergone in-
testinal transplants, our study provides novel information
of intestinal transplant histology.

184 | www.ajsp.com

13.

14,

1.

20.

21.

22,

23.

24.

111

REFERENCES

. Avitzur Y, Grant D. Intestine transplantation in children: update 2010.

Pediatr Clin North Am. 2010;57:415-431. table of contents.

. Goulet O, Sauvat F. Short bowel syndrome and intestinal trans-

plantation in children. Curr Opin Clin Nutr Metab Care. 2006;9:304-313.

. Kato T, Nishida S, Mittal N, et al. Intestinal transplantation at the

University of Miami. Transplant Proc. 2002;34:868.

. Pinna AD, Weppler D, Nery J, et al. Intestinal transplantation at the

University of Miami-five years of experience. Transplant Proc.
2000;32:1226-1227.

. Pirenne J, Hoffman 1, Miserez M, et al. Selection criteria and

outcome of patients referred to intestinal transplantation: a Euro-
pean center experience. Transplant Proc. 2006;38:1671-1672.

. Reyes J. Intestinal transplantation for children with short bowel

syndrome. Semin Pediatr Surg. 2001;10:99-104.

. Tzakis AG, Tryphonopoulos P, Kato T, et al. Intestinal trans-

plantation: advances in immunosuppression and surgical techniques.
Transplant Proc. 2003;35:1925-1926.

. Vanderhoof JA. Short bowel syndrome in children and small

intestinal transplantation. Pediatr Clin North Am. 1996;43:533-550.

. Bond GJ, Reyes JD. Intestinal transplantation for total/near-total

aganglionosis and intestinal pseudo-obstruction. Semin Pediatr
Surg. 2004;13:286~292.

. Sharif K, Beath SV, Kelly DA, et al. New perspective for the

management of near-total or total intestinal aganglionosis in infants.
J Pediatr Surg. 2003;38:25-28; discussion 25-28.

. Lee RG, Nakamura K, Tsamandas AC, et al. Pathology of human

intestinal transplantation. Gasfroenterology. 1996;110:1820-1834.

. Ruiz P, Takahashi H, Delacruz V, et al. International grading

scheme for acute cellular rejection in small-bowel transplantation:
single-center experience. Transplant Proc. 2010;42:47-53.
Tsuruyama T, Fujimoto Y, Yonekawa Y, et al. Invariant natural
killer T cells infiltrate intestinal allografts undergoing acute cellular
rejection. Transp! Int. 2012;25:537-544.

White FV, Reyes J, Jaffe R, et al. Pathology of intestinal
transplantation in children. Am J Surg Pathol. 1995;19:687-698.
Wu T, Abu-Elmagd K, Bond G, et al. A schema for histologic
grading of small intestine allograft acute rejection. Transplantation.
2003;75:1241-1248.

. Fujimoto Y, Uemoto S, Inomata Y, et al. Small bowel trans-

plantation using grafts from living-related donors. Two case reports.
Transpl Int. 2000;13(suppl 1):5179-8184.

. Tachibana T, Onodera H, Tsuruyama T, et al. Increased intratumor

Valpha24-positive natural killer T cells: a prognostic factor for
primary colorectal carcinomas. Clin Cancer Res. 2005;11:7322-7327.

. Lin T, Brunner T, Tietz B, et al. Fas ligand-mediated killing by

intestinal intraepithelial lymphocytes. Participation in intestinal
graft-versus-host disease. J Clin Invest. 1998;101:570-577.

. Merger M, Viney JL, Borojevic R, et al. Defining the roles of perforin,

Fas/FasL, and tumour necrosis factor alpha in T cell induced mucosal
damage in the mouse intestine. Gut. 2002;51:155-163.

Stuber E, Buschenfeld A, von Freier A, et al. Intestinal crypt cell apopto-
sis in murine acute graft versus host disease is mediated by tumour
necrosis factor alpha and not by the FasL-Fas interaction: effect of pen-
toxifylline on the development of mucosal atrophy. Gut. 1999;45:229-235.
Oshimi Y, Oda 8, Honda Y, et al. Involvement of Fas ligand and
Fas-mediated pathway in the cytotoxicity of human natural
killer cells. J Immunol. 1996;157:2509-2915.

Suda T, Hashimoto H, Tanaka M, et al. Membrane Fas ligand kills
human peripheral blood T lymphocytes, and soluble Fas ligand
blocks the killing. J Exp Med. 1997,186:2045-2050.
Miyagawa-Hayashino A, Tsuruyama T, Egawa H, et al. FasL
expression in hepatic antigen-presenting cells and phagocytosis of
apoptotic T cells by FasL+ Kupffer cells are indicators of rejection
activity in human liver allografts. Am J Pathol. 2007;171:1499-1508.
Berrebi D, Sautet A, Flejou JF, et al. Ticlopidine induced colitis: a
histopathological study including apoptosis. J Clin Pathol.
1998;51:280-283.

. Wyllie AH, Morris RG, Smith AL, et al. Chromatin cleavage in

apoptosis: association with condensed chromatin morphology and
dependence on macromolecular synthesis. J Pathol. 1984;142:67-77.

© 2012 Lippincott Williams & Wilkins



ARSI Vol. 45 No. 7, 2013-7

703

B OAGEE s N RN BEABAE O i

BEAEBE IR T 5/ MNEBEDEIL

t % 5 A"

iU &I

FEEHIRA2E (parenteral nutrition : PN) DRI
&0, BETEEBEDFPRIGAMIICIEL 7,
BRI H L TIRARE, ARHEEEL R A,
VW ¥ 3 intestinal rehabilitation % 7V TE 372
TIBERBEORIE 2 A 505, PN »SREHTE
RWBELADR By, LaL, PNICBHEL -
EHHE, AT — T NVEBELRLEIRO M, Z L

TIEET2BEFEE (intestinal failure associ-
ated liver disease), ¥ % IFALD i & o T4ty
DERIBEINZFEL DGR, 2070
WHEREORBOER L L CEHERBE 2 BT

%3, MNEBEIMTbATw3Y, ZhiZBERE
DEEOTHREHEL, FHEFDE (quality of
life : QOL) % LT 3 7= Ic JER I AR e B
EVZ B, FRTRBEARRICE Y 5/NEBMHD
WL ZH L, DVBEICE T 2 /NEBHEE RS
DEEFEDOFHRIC>VTHRET 2

. NEBHEOBES

WIS L 2 2EBIZDOWTIE, KELSDITBEE
IEREMRTY & I EE R e 0 B, SN
EELTHERBE L TREWER D O TREPIBEIE
Ik, BIEHBR, NERSEL EHh 2, £z, 15
BHBEEA2ORERNER L L TaBkR st
{RMERGEAZEAE (chronic idiopathic intestinal psudo-
obstruction syndrome : CIIPS) 23hif o s, Zh
SRS, BEEBED & ) R TH %
EBNEREDOBITEE L 0D 2 3,

Takehisa Ueno Masahire Fukizawa
*ORIRRAER LR R RSB RIR AR
(T565-0871 WKHTILIHA: 2-2)

1@

112

BOL

BEONEBMOBEEEZ 5 L, BERL2K
EHINMNEBHEOBEIG & 13267\, 20T &5,
ARSI OBEIRIC > T A EE»DE
WML BIKRECERLIETH S, Z2DD, /)
IS OB OFWsEE L < &2 3,

WED/NEBHEOBEL, BELReEHEE L
TPNDSHEBTE 3 RiAAa»% <, PN O&HE
I &K > ThMBBE»EINS, L IZQOL M
ZLABOE ZINEBREIRET XN S,

ELRIIZIE PN 20 SEEBLT & 3 RIAARDR <,
DToOREE LS EETH B,

MO & L T,

1) PN 27 L — b 23K 2B 2 E05F
Hxs b, NEOBEIIEEDO KL — b,
TRhObLELONE, $HETHIROEE 4 DS
B 2 A3 Tp o A,

2) PN, b LA EBET2D-», FEE®
U DIEDDIEBRICEEN L5 ENT WS, %
iZbreodns Z LB FHIINBE Z L, BN
IEFEEICB W TRIFRHEL2SET L Tw 3
(Metavir 2738C F 2 DL LM EE), BEEICBW
TRILVTFZ 7V 75 A0 60ml/53 T
PNGBREZ R T 2R E LB TH AT,
RIS & LT,

3) BET2ZDOE L QOL 285 LT3
Bt BR, hF—FNEBRLEET1IHFDI b
L LD ARE RERENS, b LIRERD
KEERy FEERBIENBERLELBTHA
Do

4) HELOERZM4 I BE, IERH L TRIE
WTERVRERENEZONS,

L, NEBREERICD LIES CEdiEL— b
BB T2, PR — 2R EICEKLBER



704

WAL EFZZ 65,
PLET, BRIz
7o3, BUETEIN -

F 7=, N w%’h“
B Z LT wiow,
R IBYT B2 G Y,

M‘%Yb"g’} >

V7o - BT -
NG INEINE N S,
Sl 2 2 Ao B U
SANETT LTS

ST f e Sl pdes e ol e
BTl E 2 5

L6 A A, EONERE i&[?'xj{j<é:;;1£jji’L0)J
YWEAH A GG & 2 6 v, YY),
AT —FIVILNUE DS GE L T 26 O i

Wi 20035 2,

sEAEDERE
H}//ﬁ \ 354*%@(: J)ﬁ*?ﬁ?‘d f/ﬂ[/’f‘ (.‘5@'5753‘, /J‘
[PIEZin ;?;rﬁ :ﬁil W & 7o TR o7, EE
20 MR Z T 12T E o, /%Llsjﬂ‘ﬁ WAE A4z,

EHIFERTE I X 5 D DIEBENAREIC "i'ff s
T2 DABHRT, ~%%@&ﬁ@bém

Wi A4z 0 7z b 7N j,ﬂ,{é’h;,y,wgn
FEE L

s, FDind,
LT A EN DR
ST,

T 5815

ZO7-D, TR 23 FE XD BRI REEE
Wicy L%, LENZSAT BB oW
BTh2IBE A 20 EME (FWEERETTZEN)
DT T 4 %2"0

C OB AT RIEGNC R L T o, g 5 iR

L yil (Wn’f}&ﬁ%{ﬂ gL LTz, FIAhgt
Plp&RRaE, HAVNGEAEII S, HARTES

IR }J‘,;j;‘%i’@v ez o & EiRIcN LT, 2k

HLFIWE & L oM T hik,
;/J F’z /f u/!JjT < % ZE

A A RS L LT,

i, P mf 96, POV — P ICBEI 2T, RS

Wﬁ@Wﬁ,A%Hﬂ N7 F =2V AAT—%
L (PS) IC DWW T DN 217 7=

@mm& D 354 O EE 2L 2 LT E
7o, 2O E, FIEENAY 15 LT L #% A % 52

fL?{iE 264 AN RE LTS 72 i A7
fEB & P18
51’%‘%?1?{»’? DIV EMIZ 1.2 @ TH -7, 210 #
(80%) 1% 1 MLIT CHIRISEMN L - 7, i
il ;0) I’ ARG DY 7.9 HET, ?ﬁfil P o 5 AER
DS B 34 B LTE Y, BRI 230 4]

ANFEHEL Vol. 45 No. 7, 2013-7

11(4%)

ThED

1 REEBOD

2Ll

X 2

DAL Tz,
2. JREE
ISR O A 2 B 12T, }ff E

LT, RSN el & S T e

PO TH T,

A 230 oy 137 411 (60%)
BLTEBT, 20951
IIREEL Tl D, AN

PN fliHT& %
ONSEGIIR, B THIRTH 3
IV St TEaEe NS SN
B D 5, O 9 &
@H‘Xﬂ/—— - ﬁ)f’ﬂ%ﬁ o 7*‘ LT,

B

73‘7?)2 T2 ZMJ
/J MBEE R BN E
FHEE

’i“‘f‘ff N5 5 DIFFFEE L DT

[t 2 2 72 LCu Z0E0A5 110 ] (489%) 1238 &
5T, ASTREEAE AN 42 D e T 127 (il
82 HlDNFE 27D, TD9 f) 10 BT A
M 5, TR ?7’?4: DEAZE LD EEZ 5N B,
WALDGJ&f% N /“Hﬁfaxkb 2 DT, £ ¢

her s f,,—
6 g/\ ~

\ j’i Tg’%“{i «‘L‘.‘.,‘LCD s}n == &

113

127 filid 6

}]'/‘__ I\ Lé:s /J\‘}EJ

BZME DA (N=230)

PN 70 5 i
YL PN

EHEZ B,

DY E T A
D95, 2K
T 7 e 2 & Y5 ]
5 64 (737 A B Dy
o
o ANTBIINGAE A 45Ew o
Dmﬁﬂﬁ:’PHHJLL 7TRERNE 20 )&

LEZENS

DEHIEIM

X 32T,

RDHLFEDID,



AESEEL Vol 45 No. 7, 2013-7 705

EIE 2 F 0 72 10 Wz o TENETE I & 5 T M4 NTH—TYRART—FZ (N=230)
LNEFEELBND ) EREIRTHE R E T E, e =T S 2
. LA,

1. HREEOH (QOL) L REEDFERA S O, AR

MbuwviﬂDP5¢l4fﬁﬁ“ ASHTIE B, HT, AR R TE 5
ERED D B—[ 50% L LDy F EOEE A B ).
DU ETHBS TH D, PSS, Aus LIk 7S 4 Th e
,f,J'E{ij 15 ik 72, Ziue i3 L < QOL A3 ;&‘b,ﬁxﬂjﬁ,p@ ;()C(f;;j})mt” . T;gh
FHINTwr, 3 HOND DD LD I LIXTE L7, L

AENIC B A e # R 5 o d, a1 Lo D, Hibo 50% D L
;t[:ﬁ:; NNt A 3"1 I3 45 T - 7=, AHf H L'E“ZD“ )
I TR A FE I 1= 55 s T 1% 30 ] 00 Al 7 20 4 :%M)iﬂl hoZ b eET, Fialdie
N DA i | 30 o A B = i D, OSSR AL L LT s,
{E AT

%,'f@vﬁbﬂﬂﬂlfﬁﬂ6b T o A

&N TEY, Mz QOL Mkn L2 6
N5, ZIsDBFELNBEAOMG & 7D L5
5 7

PSRV

5. MNETEIE
GBI 2850 F £ ER 6 1287,
127 Wil 6 A HLLE PN & DR C & 97 A ]
NGRS A4z &P L 7o BUAESF L Tw A0
WIS E AR EF D 5 b L W2 M- 7 IR, B 5 S (N=230)

L — S 2 2 KL EPHIED &6 5w i
T 20 ik, NBEHOMEIGE E#E L oD

/ o o |
|\ BETE 264 - UMl 34 o FEE - BE 19
. ' . B6HALIEPN
(ERED 230 J—r o 4
o 2RLLEFesk v
(Amwty 127 > s 20 ) |5
Sl o 7 RS i
..
D PS 3Lk, FE6hBREDAR
i

= = = = 3{ QOLOET 28 |
® 6 /MBBIEEG

114



706

i, WMEBEED) LIRS L BYETITL
7B 19 &%, NEBH TR TE RS
H 5,

OPS3 BED, @6 HBLLOEBMAKR:
ELT3, Orbopkiiid 28 HlbHENML
NEBHEOBEIEEEZ 5N 3,

x & &

INEEEDBEIETH B,

1. v — r xR
2. ETL-FEE
DERD S Z 09 B/ANBBIEOBIE B & #EETT
5 &, 29 FEEGIDVNBBEDBINIC RS EEZ 6N
5, 7, HENNZ/NNEBEOBEETH S QOL
DELVEMIZDWTHEENT 3 &, REAABR WA
BTHB 2 EIONTY, HMIC/NESHE
DFEHERBEEZONS,

7, SEIFFEHEENZMZ THuiWvDs, 5
TRER S /NEBENEE T E 72 o AT & 2R
HLBETER, ZOILHEZ B L, PNRE
BT 50 PIBREDO/NBBRHEOB R BENEFEET 3
EEZohn3,

L2L, NBEBHEIZRETH EREREI L
EEoTw3, BERO—iziZ, #BEEIck-

115

INBAEL Vol. 45 No. 7, 2013-7

Tl I EBREFENZENH 2 LEZX S
na,
SEIOFED eh T, FAMEBERE % BLE
LT 3 HEYEICN L CRRIIC/NEBEIWNE
THEDEFVADLEE A, FEMIZIZBHE
THBHEDEEZED 6 FlTHoT-DT, NEBHE
KNT 28 MIH2LEZONSE, LaL, RE
MNEBEOBIETH 3 L OEIE 15 Flic e &
EoTw3DIE, HWEDHBHCERL TWw3Ho
EEZEZOND, ZD7-H, BERZBEL TV
B ENBEHENE L OEEPEETH DL LEZD
N3, VEnicE &, MNEBHEIELTHo /L
L CORBOEA D 2 USRI R 8 Ay
SHEEETH DT, NEBIHORBOEF I3
Kd3NBZNETH 5B,

X B

1) BANGBREPIES « KA/NMEBMER. B 47
450-453, 2012

2) Tk 24~25 EEEL FHB MR BB SEIAY
BRELTRREE BETEICNT 5/ NERHE
MOTELICEE S 298, TRl 24 EERT - ER
&5, 2012



390 [# #i] Vol 48, No. 6

ANFR /I % e B S i o

AAR/NEBE RS

A Report from the Japanese Intestinal Transplantation Registry

The Japanese Society for Intestinal Transplantation

[Summary]

Twenty-four intestinal transplants were performed since 1996 in § institutions. There were 13 deceased donor and
12 living related donor transplants. Primary causes of intestinal transplants were short gut syndrome (n=19), intesti-
nal mobility function disorder (n=12), others (n=1) and re-transplantation (n=3). One-year patient survival was
86%, and 10-year patient survival was 65%. They were excellent results for a standard therapeutic option for intes-
tinal failure if patients fail to maintain total parental nutrition.

Keywords: small bowel transplant, short gut syndrome, intestinal failure
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