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ABSTRACT

Purpose. Cytomegalovirus (CMV) infection is known to be the most frequently viral
infection among patients after liver transplantation. This is especially true in pediatric
living-donor liver transplantation because the recipients have often not been infected with
CMV and postoperative primary infection with CMV frequently occurs.

Patients and Methods. Of 93 patients who underwent pediatric liver transplantation at
our department, 33 patients (36.3%) were diagnosed with CMV infection using the anti-
genemia method (C7-HRP). Retrospective review and statistical analysis were conducted
to confirm risk factors of post-transplantation CMV infection.

Result. Positive lymphocytes were diagnosed between postoperative days 8 and 111 after
transplantation. Ganciclovir or foscavir were administrated to 21 patients. The other 10
patients who had one positive lymphocyte were observed and the cell disappeared on
follow-up examination. We did not observe any cases of positive lymphocytes with C7-HRP
in patients who received a graft from a CMV antibody—negative donor. Independent
predictors associated with CMV infection in the multivariable analysis were
administration of OKT3 and grafts from CMV antibody—positive donors.

Conclusion. In CMYV infection after pediatric liver transplantation, cases with CMV
antibody—positive donors and with OKT3 administration for acute rejection are consid-
ered high risk, and cases with CMV antibody—negative donors are considered low risk.

YTOMEGALOVIRUS (CMV) infection is the most
common viral infection after liver transplantation (LT).
CMYV infection is associated with an increased predisposition
to acute and chronic allograft rejection and other opportu-
nistic infections as well as reduced overall patient and allograft
survival. Postoperative primary infection with CMV
frequently occurs after pediatric LT because of the lack of a
pre-existing CMV-specific immunity. Risk factors for CMV
infection are often interrelated and include CMV D+/R~
serostatus, acute rejection, gender, age, use of high-dose
mycophenolate mofetil (MMF) and prednisone, and the
overall state of immunity. Because of the direct and indirect
adverse effects of CMV infection, its prevention, whether
through antiviral prophylaxis or pre-emptive therapy, is an
essential component in improving the outcome of LT.
In this study, we reviewed our patients to elucidate risk fac-
tors of CMV infection after pediatric living-donor LT (LDLT).

© 2014 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 46, 3543-3547 (2014)

PATIENTS AND METHODS

The medical records of all children who underwent LDLT at the
Department of Transplant Surgery, Jichi Medical University be-
tween 2001 and 2006 were reviewed. Of 91 patients, 33 (36.3%)
were diagnosed with CMV infection: the number of positive cells in
a blood sample was calculated out of 50,000 lymphocytes and more
than 1 pp65-positive lymphocyte was confirmed. Then, retrospective
review and statistical analysis were performed to confirm risk fac-
tors of post-transplantation CMV infection. Subjects were eligible
for inclusion if both CMV donor and recipient serostatus were
documented. Approval for this study was provided by the Jichi
Medical University Institutional Review Board.

*Address correspondence to Youichi Kawano, MD,
Department of Surgery, Nippon Medical School, 1-1-5, Sen-
dagi, Bunkyo-ku, Tokyo 113-8603, Japan. E-mail: y-kawano@
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Induction immunosuppression consisted of calcineurin in-
hibitors (cyclosporine [n = 18] or tacrolimus [n = 73]) and ste-
roids (methylprednisolone). No postoperative prophylactic
therapy for CMV was administered. Patients who underwent
transplantation received CMV hyperimmunoglobulin for 3 days
(5 g for recipients weighing more than 25 kg and 2.5 g for
recipients weighing less than 25 kg) after the transplantation and
once a week postoperatively. For the purposes of this study, acute
rejection was defined as any increase in transaminase levels that
was determined by the transplantation surgeon to be clinically
compatible with rejection and was treated with steroid pulse
therapy (20 mg/kg) with/without MMF administration. In cases of
steroid-resistant rejection, repeated steroid pulse therapy with
MMF and/or administration of muromonab-CD3 (OKT3) was
conducted. We now treat steroid-resistant acute rejection using
antithymocyte globulin because of the unavailability of OKT3 on
the market. In addition, 43 patients were administrated aciclovir
for herpes simplex virus after transplantation and no prophylaxis
for CMV was conducted. It is our policy not to perform pro-
phylaxis for CMV duc to the adverse cffects of prophylactic drugs
and the late onset of CMV disease. CMV screening using the
antigenemia method (pp65) was performed 3 weeks after trans-
plantation and weekly for the first 2 postoperative months.
Asymptomatic CMV viremia was defined as detectable pp65
positive cells without signs or symptoms of active infection. CMV
discase was defined as detectable pp65-positive cells with fever
and cytopenia. Any patient with fever, respiratory symptoms,
diarrhea, vomiting, unexplained weight loss, cytopenia, or trans-
aminitis underwent a thorough laboratory evaluation for CMV
and Epstein-Barr virus, Our strategy for CMV infection is sum-
marized in Fig 1. We changed treatment according to the number
of pp65-positive cells. If the positive cell number was more than
10 in 50,000 cells, intravenous ganciclovir (5 mg/kg twice daily)
and CMV hyperimmunoglobulin administration with/without

KAWANO, MIZUTA, SANADA ET AL

reduction of immunosuppression were conducted as hospital
treatment. Patients were re-examined 1 week after treatment: if
the positive cell number had not increased, the treatment was
continued until the positive cell number decreased to less than 3
in 50,000 cells. Whereas if an increase in the number of positive
cells was confirmed, intravenous foscarnet sodium hydrate
(90 mg/kg twice daily) administration was conducted until the
number of positive cells decreased to less than 3 in 50,000 cells. If
the positive cell number was 5 or more and less than 10 in 50,000
cells in the outpatient clinic, oral valganciclovir (20 to 25 mg/kg
twice daily) administration with/without reduction of immuno-
suppression was conducted. Patients were re-examined 2 to 4
weeks after treatment, if the positive cell number was less than 10
in 50,000 cells, the treatment continued until the positive cell
number decreased to less than 3 in 50,000 cells. If the positive cell
number was more than 10 in 50,000 cells, the patient was hos-
pitalized and intravenous treatment was conducted. If the posi-
tive cell number was less than 5 in 50,000 cells with clinical
symptoms such as increased fever and/or liver dysfunction or the
positive cell number was 5 or more and less than 10 in 50,000 cells
in hospitalized patients, oral valganciclovir (20 to 25 mg/kg twice
daily) administration or intravenous ganciclovir (5 mg/kg twice
daily) with CMV hyperimmunoglobulin administration with/
without reduction of immunosuppression was conducted. Pa-
tients were re-examined 1 week after treatment, if the positive
cell number had not increased to twice the initial value, the
treatment continued until the positive cell number decreased to
less than 3 in 50,000 cells. If the positive cell number had
increased to more than twice the initial value, intravenous fos-
carnet sodium hydrate (90 mg/kg twice daily) administration was
conducted until the number of positive cells decreased to less
than 3 in 50,000 cells. CMV serostatus was determined pre-
transplantation by CMV immunoglobulin G in children older
than 1 year and the donor.
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Fig 1. Examination of cytomegalovirus antigenemia approximately 1 month after living-donor liver transplantation.
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Table 1. Patient Characteristics

Age 36.5 + 42.8 Months  POD from LDLT
Sex M:F = 9:24 Average 38.5 + 15.3 days
Median 35
Primary disease n Range 8-98
Biliary atresia 22 Period from steroid pulse (n = 22)
Fluminant hepatic failure 3 Average 22.5 + 19.5 days
Ornithine Transcarbamylase deficiency 3 Median 19.5
Graft failure 2 Range 4-89
Others 3 CMV disease 60.6% (n = 20)
Mortality (hemophagocytic syndrome, Pneumocystis carinii) 59% (n=2) Fever up 66.7% (n = 14)
Liver dysfunction 60.0% (n = 12)
Treatment n n
Valganciclovir or ganciclovir p.o. 7 Ganciclovir div. 8
Valganciclovir or ganciclovir p.o. 5 Foscarnet div. . 7
+ ganciclovir div. No treatment 7

Statistical Analysis

All data analysis was completed with SPSS 15.0 software (SPSS,
Inc., Chicago, IlI, United States). Subject groups were compared for
categorical variables by > test and contingency table analysis.
Subject groups were compared for continuous variables by Student ¢
test for normally distributed data or by nonparametric Mann-
Whitney U test to account for skewed distributions. In general,
analyses of non-normally distributed data by both Student # test and
Mann-Whitney U test resulted in similar conclusions. Univariable
and multivariable stepwise Cox proportional hazard models were
used to assess assocjations between covariates and CMV infection.
P values were calculated as two tailed, with an alpha of less than .05
designating statistical significance.

RESULTS
Patient Characteristics

From 2001 to 2006, 93 LDLTs (including two liver retrans-
plantations) were performed and complete clinical data were
available for all patients. Age at transplantation ranged from
6 to 198 months with a median of 15.5 months. Two patients
died due to antibody negative hemophagocytic syndrome and
Pneumocystis carinii, respectively. The ratio of CMV antigen
negative donors (31.4 + 6.2 years old, median: 31 years old,
range: 23 to 53 years old) among all donors (34.4 £ 7.2 years
old, median: 33 years old, range: 23 to 58 years old) was
22.6% (n = 21). Thirty-three patients (36.3%) were diag-
nosed with CMYV infection when more than one pp65 positive
lymphocyte was confirmed in a blood sample. Indications for
transplantation included extrahepatic biliary atresia (22 pa-
tients), fulminant hepatic failure (3), ornithine trans-
carbamylase (3), graft failure (2), or other (3) (Table 1).
CMV infection confirmed by more than one pp65-positive
lymphocyte in a blood sample was diagnosed postoperatively
within 8 to 98 days with a median of 35 days. Twenty-one
patients were treated with steroid pulse therapy for acute
rejection and CMYV infection was diagnosed 4 to 89 days
after therapy with a median of 18 days. CMV disease was
diagnosed as CMV infection with clinical symptoms such as
fever (n = 14) and/or liver dysfunction (n = 12) and the ratio
was 60.6% (n = 21). Selected treatment types were per os

valganciclovir or ganciclovir in 7 patients, intravenous
administration of ganciclovir and per os valganciclovir or
ganciclovir in 5 patients, intravenous administration of
foscarnet in 7 patients and no treatment in 7 patients. The
ratio of CMV antigen negative donors (31.4 + 6.2 years old,
median: 31 years old, range: 23 to 53 years old) among all
donors (34.4 £+ 7.2 years old, median: 33 years old, range: 23
to 58 years old) was 22.6% (n = 21).

Univariable and multivariable analyses of factors associ-
ated with CMV infection are shown in Tables 2 and 3. In
univariable analysis (Table 2), except for biliary atresia
(P = .027) in primary disease factors, OKT3 administration
(P = .002) in immunosuppressant factors and CMV-
seronegative recipients of liver allografts from CMV-
seropositive donors (CMV D+/R—; P < .001) in CMV
serostatus were associated with a higher risk of CMV infec-
tion. In subsequent multivariable analysis (Table 2) using a
stepwise approach that accounted for biliary atresia, steroid

Table 2. Univariable and Multivariable Analyses of Factors
Associated With CMV Infection

Risk Factor P Value Odds Ratio 95% ClI
Univariable Analysis
Primary disease
Biliary atresia .014 0.288 0.103-0.801
Fulminant hepatic failure .255 2.758 0.437-17.399
Graft failure .301 3.625 0.316-41.546
Immunosuppressant
Steroid pulse .038 2.493 1.042-5.967
OKT3 .004 8.769 1.740-44.198
MMF 592 1.285 0.512-3.224
Tacrolimus .506 0.752 0.168-3.577
CMV antibody
Donor (+) recipient (-) .000 13.750 4.070-46.454
Donor (+) recipient (+) 511 0.750 0.317-1.772
Others
ABO-incompatible .089 2.8 0.813-9.648
Aciclovir .108 0.493 0.207-1.175
Multivariable Analysis
OKT3 .004 8.769 1.740-44.198
Donor (+) recipient (—) <.001 12.853 0.512-3.224
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Table 3. Results of Contingency Table Analysis for Comparison
of Serostatus of the Donors and Recipients

CMV Serostatus CMV Infection (+) CMV Infection (-)
D(-). R(-) 0 13
D), R(=) 17 4
D(-), R{+) 0 8
D(-+), R(+) 17 347
CMV Disease CMV Disease (+) CMV Disease (~)
D(+), R(+)™ 8 9
D(+), R(=)"" 13 3
OKT3 CMV Infection (+) CMV Infection {-)
With 8 2
Without 25 56

"P < .001, odds ratio: 8.5.
*P = 041, odds ratio: 4.88.

pulse therapy, OKT3 administration, CMV D+/R~ and
ABO-incompatibility, OKT3 administration and CMV D-/
R~ reached independent predictor status.

In contingency table analysis for the serostatus of the do-
nors and recipients, the frequency of pp65-positive cell
appearance was significantly higher in the D+/R— group
than in the D+/R+ group. No pp65-positive cells were
detected in the groups with CMV-negative donors (P < .001,
odds ratio: 8.5; Table 3). The incidence of CMV disease
appearance was significantly higher in group D+/R— than in
group D+/R+ (P = .041, odds ratio: 4.88; Table 3). In
patients who received OKT3 administration, no pp65-
positive cells were detected in the two patients whose do-
nors did not have CMV antibodies (Table 3).

Regarding the therapeutic efficiency of foscarnet sodium
hydrate in this study, 8 patients (29.6%) of those receiving
medication (n = 27) received foscarnet. The number of
pp65-positive cells sometimes increased after ganciclovir
administration; however, all patients who received foscarnet
administration experienced a decrease in pp65-positive cells
by approximately 1 week after administration.

DISCUSSION

The results of this retrospective study of pediatric LDLT
suggest that CMV D+/R— pediatric LDLT and OKT3
administration for acute rejection are considered indepen-
dent predictors of high risk for CMV infection by multi-
variable analysis. Our therapeutic strategy for CMV
infection in patients confirmed that using the antigenemia
method may be reasonable after LDLT.

CMYV remains the most common viral infection that occurs
after pediatric LT and the infection plays a major role in
morbidity and mortality [ 1]. The incidence is highest in the first
6 weeks after LT in particular [2]. Recently, improverments in
diagnostic testing, immunosuppression, and CMV disease
therapy have led to a significant reduction in post-LT CMV-
related morbidity and mortality. The Infectious Diseases
Section of The Transplantation Society strongly recommends
both universal prophylaxis and pre-emptive strategies as viable
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approaches for the prevention of CMV disease |[3] and the
CMV pp65 antigenemia test is a semiquantitative test that is
useful for the diagnosis of clinical disease initiating pre-
emptive therapy and monitoring response to therapy. Anti-
viral prophylaxis or pre-emptive therapy are similarly effective
in preventing CMYV discase in modest-risk CMV-seropositive
liver transplant recipients, whereas antiviral prophylaxis is the
preferred strategy over pre-emptive therapy for the prevention
of CMV disease in high-risk recipients (CMV D+/R-).
However, antiviral prophylaxis only delays the onset of CMV
disease in many CMV D-+/R~ liver transplant recipients, and
such occurrence of late-onset CMV disease is significantly
associated with increased all-cause and infection-related
mortality after LT [4]. In our department, prophylaxis for
CMY is not performed because we want to avoid the adverse
effects of prophylactic drugs which require long-term admin-
istration for pediatric patients and the pathogenesis of late-
onset CMYV disease. Furthermore, we believe it is somewhat
difficult to diagnose late-onset CMV disease because of the
difficulty of anticipating the pathogenesis and distinguishing it
from other complications because of its diverse and nonspe-
cific symptoms.

Our strategy for CMV infection, monitoring by CMV
antigenemia as pre-emptive therapy, seems to have been
effective and reasonable because we could obtain a complete
cure of CMV infection and disease in all patients and no
recipients died due to CMV disease. Saitoh et al [5] also
reported a universal pre-emptive therapy for CMV infection
with monitoring using CMV antigenemia after pediatric
LDLT that reduced the use of antiviral agents and controlled
CMYV infection and disease. Further, pre-emptive therapy has
the major advantages of limiting the periods of antiviral
treatment in children for whom antivirals are necessary to
prevent CMV disease and of avoiding excessive drug toxicities.

Risk factors for recurrence of CMV infection include
primary CMV infection, deceased donor transplantation,
high initial viral load, slow reduction in viral load on
treatment, persistent viremia when transferred to secondary
prophylaxis, multiorgan disease, and treatment for rejection
during CMV disease treatment [3]. Furthermore, CMV D+/
R— transplantation and the intensity of immunosuppressive
therapy are also considered risk factors [¢]. In our study,
CMV D+/R— pediatric LDLT and OKT3 administration
for acute rejection are considered independent predictors of
high risk for CMV infection by multivariable analysis. The
murine monoclonal anti—T-lymphocyte antibody OKT?3 has
proved to be highly effective in the salvage of steroid-
resistant acute rejection of liver transplants [7]. However,
the use of OKT3 in liver transplant recipients has recently
been associated with an increased frequency of viral infec-
tion and our data confirmed this. Furthermore, two patients
with OKT3 administration whose donors did not have CMV
antibody did not show any pp65-positive cells after the
LDLT in this study. Therefore, although the odds ratio was
higher in OKT3 administration than in CMV D+/R— in our
multivariable analysis, CMV D-+/R— might be a more
dominant factor for CMV infection after pediatric LDLT.
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In addition, CMV D+-/R— recipients might be more sus-
ceptible to CMV disease compared to CMV D+/R+
recipients after pediatric LDLT. Although OKT3 has now
been removed from the market, T-cell receptor antibodies
have played a role as effective medicine for steroid-resistant
acute rejection. Our knowledge of the impact of OKT3 on
CMYV infection might be also useful when new kinds of such
drugs become available.

Valganciclovir and intravenous ganciclovir were both rec-
ommended in previous guidelines [8] for the treatment of
non-severe CMV disease based on data from the VICTOR
trial. However, ganciclovir resistance occurs mainly in the
D+/R— subset where the usual incidence of resistance after
viremia is 5% to 12% and is higher in lung transplant re-
cipients [3]. Switching to foscarnet is recommended if a
mutation confers higher-level ganciclovir resistance, or UL97
and UL54 mutations combine to confer high-level ganciclovir
resistance. In this study, foscarnet sodium hydrate was very
effective for patients with ganciclovir-resistant CMV infec-
tion and all patients with foscarnet administration experi-
enced a decrease in pp65-positive cells by approximately 1
week after administration.

There are a few limitations to this study. We have used a
cutoff for positive CMV antigenemia of less than 3/50,000
cells, but this is not the standardized value. Further study is
necessary to evaluate an adequate cutoff value of CMV
antigenemia for pre-emptive therapy for CMV infection
after pediatric LDLT.

In conclusion, in CMYV infection after pediatric LT,
cases with CMV antibody—positive donors and with
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OKT3 administration for acute rejection are considered
high risk and cases with CMV antibody—negative donors
are considered low risk.

REFERENCES

[1] Krampe K, Briem-Richter A, Fischer L, et al. The value of
immunoprophylaxis for cytomegalovirus infection with intravenous
immunoglobulin in pediatric liver transplant recipients receiving
a low-dose immunosupressive regimen. Pediatr Transplant
2010;14:67.

[2] Gane E, Saliba F, Valdecssas GJ, et al. Randomised trial of
efficacy and safety of oral ganciclovir in the prevention of cyto-
megalovirus disease in liver-transplant recipients. The Oral Ganci-
clovir International Transplantation Study Group [corrected].
Lancet 1997;350:1729.

[3] Kotton CN, Kumar D, Caliendo AM, et al. Updated Inter-
national Consensus Guidelines on the Management of Cytomega-
lovirus in Solid-Organ Transplantation. Transplantation 2013;96:
333,

[4] Bruminhent J, Razonable RR. Management of cytomegalo-
virus infection and disease in liver transplant recipients. World 1

 Hepatol 2014;27(6):370.

[5] Saitoh A, Sakamoto S, Fukuda A, et al. A universal
preemptive therapy for cytomegalovirus infections in children
after live-donor liver transplantation. Transplantation 2011;92:
930.

[6] Lautenschlager I. CMV infection, diagnosis and antiviral
strategies after liver transplantation. Transpl Int 2009;22:1031.

[7] Bowman I8, Green M, Scantlebury VP, et al. OKT3 and viral
disease in pediatric liver transplant recipients. Clin Transplant
1991;5:294,

[8] Kotton CN, Kumar D, Caliendo AM, et al. International
consensus guidelines on the management of cytomegalovirus in
solid organ transplantation. Transplantation 2010;89:779.

—147—



U & il

BB

| NCGUR AR R S R 2

PR BSE O B I)

2004 4P LK ] T 5 35 5 ) (Food
and Drug Administration ; FDA) {
“Challenge and Opportunity on the
Critical Path to New Medical Products”

HM L 2o T, BUCaRT
£ ICESE R PIE O PG AU SR
3B XL OB ORI CTH 28
[ 374 A= 0P JE T (National Institute of
Health ; NIH) & b (2R 4 i L C
WEHIZH b 5T, B2ITRT X
9 VI FDAT/RB WG Z I E N5
(RFTE R BsESE, -
A& B IZRA LT, LorEE
ChuﬁLT%ﬁ&ﬁﬁ@%%
B2 ) O & FE R LHES 2
uﬁ%ﬂ%&bfw<%L#ﬂ@%
IR GAVAS

=7, ZOIA LY, WHFERT
W T20104F 8 ~ O HF IS AR & 7
ML o T/, Zhid, 580 k
O EACAE S 2 EH DS  A°
Frtih ez 528 Zhict - T

NI A= a v —FDF

- S VAR I SE I S

b B KB O AR FEDHEA T iz
Wiz, fEE L KELfaie iz b
EWA L OTH -7z F1id 200248

E20125E DRI FH O R TE Y B

Py 710 RLIZHDTH %, 2002
AL, 260 0T AR ILER 3 10 R - T
INA FWHICH L) AT RS
BHNISK - TR BHDS, EOMIEALE
%@%%%W&Wﬁ@%x&uh:
YT LN S s RS

Btz Fil TOE AT T010E
M CEE N LRI ER AT

Wz 20124E X% B E by T 10D
RIS TANE: D - TV BN,
I H T 508 LT, 6k B 29
EOVEBEP I G-$ 50 T% % —
fvbttt%%%m%&%f%
D, F09HbsimHBPMAETH -7
CERETLNL. LIS L
37— FOOEMBER Y v
FEEO K TdH 5 TNFa OBF A
WX L CTHURCTNFe # BET 5 2
ETHY, =T LV TNE A
BT AZFRE e MRES T v
D F TR HRER S NTE Y, TNF

s

PlaEmoZE R EeaToI L
RRLET A 0 29 O3l
PV VoSBiC ) oS IERTT SR
CD20EHIL TwAhH Z &, N—k
7F VLI A A T HER2 A5
BHL TV DHEDR%E W EIZIEH
L, AR THEBLL Twa i
PURDSHEA LBEEL 5.2 5 2 EAYE
BT Cdh %, BB A TR BT
A K BN oMM D BB
B, TN AT O A A A ek
T 551 Cdh A VEGF DRI % KLk
THPUEE LTRSSz wii
IR COSEICIER L, EH
fhE UCHUERD B v Id 2 23R8 &
LTSN TS,

I AV—= g ) —F
(Translational Research ; TR) (&, &
TERF 92 00 S5 % WISl > B 1S
T TR A Z LD 1D DB
TdH A, PilRsERZARMIED I
IO R EZ ISR SN TS
D, TROREFEL VZ D, HilokELE
MBSO E LCTRIZEEMR &
NAHEIHIThY, FEOESEMBFSE

540 (44)

bt 73 %77 20144E7 H

—148—

0385/2377/14/%800/ 55 /JCOPY



(%)
300
O KIE D WS R FEONFI e
8 NIH O T8
250
1
4
3 200
F
*
1
0 150
9 ﬂ/ifi/./
14
t .45745(/!/
g 100 -
m
=
50 -

¥ BIMBER &k

o TR W O Wi 2

s0l m B EWRAOBHERY

SEMHEBRBO > >onE¥
&

20

Products. 2004

EADKREXRIICEELTWS, &K
T, COXHITKRELEHZR
2T Lo TROBH LGB
DOPFIZDWTHRRS,

R L R R O % &
“]7/%& vaF i
H—FDER

TRIX, FK K T i “From bench to
bedside” & b X, AARTDH LM
g & R % 2 7% TRG 9 LAgE
EHMEN S, FEROESREZFHFET
i, HMSEEATHE ) R

DFEE, TIh o 0LEWOILE,
Z L CHBALE D o35 & KD %
A7) == 2 TR RECERY % R
THIENERTHo 2. —F, i
T M ATETEIC L DA
MOREIT & DI E7 7 ALY
BHOENERDY, F72, REDOIRIE
B e RBORFBICHE S5 XA h =
X DG F WA R BT B A
EoTETWAS, DL MR
PHRIZLCHEBRFEREEZERL, BIK
BREZ#EDLDOVETRTH L. 2D
72, BBsD 7 7o —F 3HiRIcE
F 59, MRESRE, HAE - MaRE,

1993 ' 1994 ' 1995 ' 1996 ' 1997 ' 1998 ' 1999 ' 2000 ' 2001 ' 2002 ' 2003 (4E)

H1 KEICHITZHEREOMRBE L NIHFEOEMIRR

1477 * FDA : Challenge and Opportunity on the Critical Path ro New Medical

e

Products. 2004

#®1 EERHEESVEITSIYF»S

0 ~ - - _
1993 ' 1994 ' 1995 ' 1996 ' 1997 ' 1998 ' 1999 ' 2000 ' 2001 @ 2002 ' 2003 ' (%F)

E2 KEFDATOEZER - EMRHOEDRETIEY

T : EDA : Challenge and Opportunity on the Crirical Path.to New Medical

2002 % 2012%
IEfsz [EfE 3 5.k e B3] 5k
1| DER=n R R i 8507 [£=23F  TNFadifk 9,603
IRV TUY e s o
2 | gy b TUAREIRTY O 667s | L3k TNFafifE 9071
3 | VI— SR ElnESR 5580 | ZY TN TNFEHK 8476
my ST FL7 -
4 yjf 7 . w7 IR EE 4,695 7! 7;/ WANGEE 8216
Ny F L&AF
ADR=E ‘ S S
s [ 70ERITIT 4687 | S LA = FRIEE 7430
AT T—l
JWIKRY ST A w SRS .
6 |JUTR7TTE wEsca s 4 | U0 %FY  Gicowiik 72
ANaF Y STT 1 gt shte = o 2
7 A\:;b_)j 77T FlR e 3755 | T H A A AN BA 6555
5 | VTLEY i de S 3,680 | N—2T7F > FiHERHUE 6444
SFyuEus e . ,
9 ;T: P19 DI (SSRD) 3297 | T3AF . - $LVEGFHUR 6307
10 | L7y 2R PURAESE (Cox2 BIE) 3150 | ¥ X¥7  HERHH 6,208

FELIGBRAEAG v I FRINEE RS

WFi btV Fh - ARG TV 2 F—% () 22—}

BEFBRELHIChES. $12,
LB ORIRD, #E R HEELS
FIIERT 28BS TFELTAY
V= v T R iTo70, L
BWRAEA SR E DAY ) —=
TEAT oD THEREL{LL TN
5.

TV - RS

1L.ERWAREZBST7HTFI7
TRDH: & 7 a%wm APEX (NS
%Wkﬁﬁy%@?ﬁ“‘"f%
CREAEM, S D TEEMITA
ﬁv~2i%~ﬂ¥ﬂn TTWELE
EVHT LI Vb A THETE
FIOE TV A ZAETFIVIIREICHT & L
ﬁ»ﬁ74/N—9a/®ﬁW®

EkE73 %75 201447 A
—149—

(45) 541



F&2 SKEFDA THRBEhic[EREROFAT (1998 FH 5 2007 %)

LR NAFARYFr— FHFEIP
APy (2525 ED 58% 18% 24%
S e G VR TIRED 46% 23% 30%
FreEm st o me i (nsah | 44% 25% 31%

*priority review : BLAFO IR L TR S AN A R
TR RAe A8 6 A0 H BARIZ 404 2 0 b.

JELS b A A AR E S LA L 1040
A nk2) X b

T, T AT I T R mOIR MR
Mo — L b B~ PSR 7 ik
WTWD &SI TwAHY, 19984
7 6 2007 4512 K [ FDA T 2K G
AV BB 7o R 252 W H OB gE
TC T FERF O RIR IS & T L 724079
T, 20287 L 9 WA
ENFEAEN, ERAICRE S
7oA, BRI B AT W E
WM TOHLTADL E, RyF v —
W HEFEE IS T 18%, 23%, 25%.,
T AT I T TE24%, 30%, 31%
Tdh 0, e LS 5 IR
HIBBTED DRI R TR T v —
WHIE LT AT I T I Z T
LA JEL, NyF v — ¥
R D76 4 OBSEEMARIE T H 73
TTHholoZ EWE L, EBIET
73 T OWFFE IS EIE AT
DB LD S Z v EHEN S
B, F72, SO TORBPE I
20074FFECTTH Y, ZOHRT 7T 3
7?@%%%%%%&&oawéf
S OBAEH 2 T WD R S
L, 7 T3 T OIEBERIE S E I,
BEEOKERRESAL. T &
DFRIEH D 5 B, sHIAN
Iy —RETHIEE R, KT
WA S e d, B D
VIR T —RZEREIE LT

WALENE VI HEL DB, T2,
IRGR DA H b, o FERIHE, JRC

TR B /AR o A N AN IP i O )

sl ERik o Bl B gkt

D, |UZAREND X9 LAD
w2 1) A %ttofi)%&
WD L > TV D.

IO & DD, S BHAS T R Y
AL A Aol & LB o)
FARY S e AR OAIE R RN
5, THT I TR TERTT »
A9 b AT A NN 2= A R
ELATRICEE - TETWA, +1h
WA, TSR R & AT XY ke
VLS L 7z 185 B 8 oo R RE 4 12
B TR O M AE 3 JE 500 R &
o TETWD,

2. ERER D S DIEE LEH

)i, Wz e ARG IS A2V Tl
%, HAEEGOFRMES X UH)
PEFNZ DOl A 22D U % N @
I RIAEOMETH - 72, ZThis
DWT, %L QRS T4b
LB DT T LEHD D IZ N
5 T AXNEE M o iz T4 8 %
HAZ LW s ki imicqdibh &
7=

BHEW O MET-Z IO ZEHTHIRZ
b T B0EME LT, B
WAKNDA Y /T 71 ¥ TlEUGT1AL
D PR LR LRER
WML T WA o &, cHF4w
ANWAERETORT A 25— T =
0y EYNEY) OPRIEETA
y—7 20 yORMEESTH 2
1L28B M5 T-® SNP ((EfETF-Z M) At

AP L T2 2 k5

L, s PRl i & 2 0 iR st
:%mmﬁnfﬁgiﬁﬁ%&kL
TROBENT DY, WSR3
ELTIE, Y v 7RI
AT % EGER Bt A% T d
BN, KRASIZZSEAFAET D & AT
B2 RO T E RN Bk e
Twb,

OB RA R IAMEE REOY A
TR A Jz, & W E v D oA
Fuy—, b b E
Mo THO TR ENLI ENTE
L. 2D X9 R RIS A O
WTHTRICHE D20, b vk
Foxw TRy ") N — A TRy &I
NHZ &S5, HATILEED & IR
AND—FIBIT TR, =V F S
AXR AT 4 vy (R EEHE) F231
DIZODORIFIAEEPEZ HRTHED
BERELRE D & O & A b B
WZHEE S T WD,

hFVAL—YaF
) ORI E

1A E DR LS
HATHEFO DM S 15 &
DN B o 72 D iE 19904 AR 14 2
AoThBThHbH, FDlw, i
HERE DR O B ASHIT 7825 ) ) °C 1Ay

Thole. TOLHRMEEREDM
WA THho7lZ &, HHWIE

FRRFHEA I Lo 722 80 D,
AAROT 7737 TR LI ED
HAE N Cld e Mg k- T
EE NN TR IRYAL T =& 2NN
S SUNGIEC L el (AN TSR
NERT B ED—RWZR ) DODH
AR, WFFEE SRS B MM IS T 5
PEBRORRL DY 14ICiEL
T ity 7z, B

542 (46)

Wile73%7 % 201477 A

—150—



HETHET ATV &% b
728 OYFFFENG I 3317 5 HEF
MR L 3R % 5 70
BEORINARL T B, N4 FIC
L7zt T 20h0n 79
FITEBWUREFEERT HTE
bHaicfEL T wnr—230dH
Hizdh, WIEHEHN ST H LRI
BAITaThsrLHMSNDTr—A
CEASE

&L, ALKRIABIZTF2E T 5k
AN S A B 7 ) VF =
TV, FOERMEE & DI T
D LIEFED LKA E CTRH4E LV
) BASHIMOE S B 2 E£D 72,
N (R N e S [ B AR 13 Sioe 3/
WCIRERZ B LIRS E o 7260T
HbH. —F, BENTOEEECTCOHE
#amit & WA R BASED, & O
BEFIIBVWTRE DT ARWE
Wb ib.

2.RABICHHDBORFEAVMERRE

AT H I, TROKED 1
DS TALE W TIE R, %
OH LR OB TEIFET
5L Thsb REMILTELH
e BERmOBREEFO2 A,
iR S © UM IR SR C il
FE - ERT BRI DI A v
EVHBEY D, IR L%
GV, Tz, IR L7z X9 ICHF
HHEDA T4 T D IE & OBEEIC
itz SNFH v fliasns
LD, F00, FFSICHELE
RTRENHEN GV EHE V. £
DEr, BT BT iED
L, EfiEERRE SRR
Brawiseg sk L, ARl - B8
PSR 55— % 2BUE L CHER
KT TO—F§HIENPTED.

CDEIIZHLMIEE FMIZITD
LB R3CF LD VX
(WFZEMFET %) L LTOUM
DEFRAROBEIEE ClobizoT%
COBEETIVLERD L. Zhid
WD R LTV 5 E SR
FHEMEROWME, Tad s b=
AV AV M EETCREEMORES
DIEE B NTEE DT ) LEFH B T
LRERT B, WEWHRO SN
&, AR, BAERED LV IIREE
BHINE % T 72 A8 A RIERR BT 5E AS
BATH BN, % OWh, BEH
FMfZEE L LTHB, b b
5452 L0TEmEEHRTE
5 g 7 %5 B (Cell Processing
Center ; CPC & % Vi Cell Processing
Facility ; CPF) % 7 % 7 3 7 CTHA -
BETILENH L. 20 L Rl
R, MR OB ML E
THY, b MG THICELHE
EHT AU ORELERET H
FITHHEIMLENDH L LDHTR
DEWMPHPETH-72—~HTH-
7z, HEWIRKEIER, T — SN, 7o
Vol b2A VA Y MEOEMED
AR LI L TH L L, 2R
AL oTwWa.

AR NIH R~ O

D& % RSEIREL A TR A
TEZLHOBEETHY, HERDOT
AFITELTHMME LTERS
BEDRH o7z, F T, LHEHES
T, TROFFOWEIE O 72D
V2R 19 (2007) 4E BEICHG T LIPS
XTI ARG L, RWTH
1% 24 (2012) 4E B 5 & OIE I L 5L
Ay v —27 Fas 5 AT
RIS EET7IE e B L Tw

R RMBERR L

®/3 HARBISXL—>arny
Y—FTERTHEHE

BB

o B FESE % & > 7o DF FE AR B
» RBTH RERE AR & BAL

* RS O

FERR AR SURRER IS

s BRI DE R IR R AR O 7Y A
bl 41

* Good Laboratory Practice (I3 D %41
L2 B B I AR A 00 S Bl ) T s
VBRI R E e & Z3E

» SR L) 7 Tt FEER MR

* BB i GRS 3 55°)

o B RS

BRPR BB P

* SUTE AN OMERE - R (HIIRER SR A
* Good Manufacturing Practice (53 dh J OF
EHIBIROREER R O EE W I
) MR D TRERE D B IS

* HHHIOF IS
AT TIME O - U R

o GEREF R - SR S O /R
CTF—=IIFVAV)

e BZH ) LU BERLEOM OB
o HifE - TEE A~ O

* Bl

BREEFBELT

o WFFE, FEERAREER. AR EE 7
BROMER

o FURRAR DS 3R

o GBI O

s VY 2y bRAVALE

59 ZO7uys AT, AN
DT HTFITHEDY—XDHWH
ERA LRI EEROERE T
RS B T & DT & B IARMAH 24
By B0, BMICEE R
T& % AM OB TR, $08 M
DEAR, HHRLTRBMGEEE % & 7o ik
B rS kO bNTwa, o7y
75 LK) WA IRET LT
AH, Wb Ww b THARRRNIHA A,
WZBWT, BAEFEHEORY - #F%
HO B BB T B s & YRR
TF 9% PP 4% 9% B 35 i 45 2 2 B2
(2015) 4F BV — MR E T X B Bl
EoTEY, AITOHEMEMWR 72
FENEFHF IR WS, T, HE

Wikt73 %78 2014457
—151—

(47) 543



LW%M&%&%W~7?B¥§A
O AL, P i2s (2013) B D
mmmf+m%@m@¢£i%@
M ERPE WL E o T
BYOEOWYEESL D2t ) ZEWTE
%,

R T NTH S K o K
Uf/uf)ré: WV PEVTT e < WFSEITN

Wi & A7 4 TR Jﬂ’ﬁﬁ?‘i“"v‘“@&\ n, &
7z, AFFEH DAL @ B X 6
DY ﬁ%’*‘”“‘?cﬂ‘}@'ﬁ“) Uﬁﬁ:&: L
COBEIRG B 5E DHIE Low] 4
o CTwb. MH#%WWﬁK%m
TP EILAE A 3000 KV TH D,
#9180 % AIBEFI T4 & LTl 3
M, 9 10%AYNIH O 43 F S L
TWAY, NIHDT % 57 3 7 DTR
P g5~ P L L T, National
Center for Advancing Translational Sci-
ences & fill i% L, Clinical and Transla-
tional Science Awards (CTSA) % #% 7T

MIEDICA

L BOOK INFORMATION

TWA I EDNRHITBNRL, CTSAT
A E 0 62 D ik A3 i & LT
AN, B4R F VDKL Y —
IZHEAT S, Kt v 7 — AR
o?}w#bWMwbhwﬁ&
hahTy . O, NIH I,
IS e %@mﬁwﬁﬁﬁﬁwm
iAWY LT LTEBY,
7o, Ao 7 715 37 N AN
AT PR OIREZ L DR T O
B ik 2 ¥z CB b, TR®
M D 12T 2 WD OMdr % %
/,de,*tm% F 7o, NIHFED ¥ —
DIIERR S £ £ A7 b, NIH
#emmﬁ%mﬂéntﬁ%@%m
VB2 RS A O R B 4T - T
B, RIS R O b H
72LTwah
HAZ B W TH @ TREAE D
TOOBREIEM S ho2oH b, L
W LKIE & g B b L & 4R

WBWTE B O EPTFAETS.
SRS O KR E R TH D TRE
[EB N )10 & % 6 DIZT 572012
T H AR BONIH R 0 b & kg Y
ORI 2 AR T D %

SCHR

1) Inagaki O @ Expectation for the Drug
Development Activity in Academia.
YAKUGAKU ZASSHI 133 (2) 1213-219,
2013

2) Kneller R * The importance of new companies
for drug discovery * origins of a decade of new
drugs. Nat Rev Drug Discov 9 867-882, 2010

3) T RSOl

4) heep://www.mhlw.go.jp/topics/bukyoku/
isei/sensiniryo/kikan02.html

5) 7 =¥ 8 v 2 Al

6) htep://www.tr.mext.go.jp/

7) htp:/ /www.nih gov/about/budget.hrm

8) hutp://www.ncats.nih.gov/research/cts/ctsa/
cesahunl

BHE . SATh
T 108-8639 HUHRIE X 1467 4-6-1
nagamura@ims.u-tokyo.ac.jp

e=DF-X11001

PASORAMA+

@BTHE 20144
filitg  A<1£ 76,000 + 3}

E¥Ekb

SIDEBFEFE [DAYFILER) Y U—XDERET IV, /\
VAV TEBTFEHENS | DPASORAMA+, & wFIR(E

DYETEETEWV GA -
LANTd: EDREREIC,

BB NS —F vFICRIVKES.

AR
2 a—hhAHw bF—RERBEE IR .

EIEVERE - ISR TBE D7 v IO L — R, IR
:3/7/‘/13 [EZElE EREH | (A7 v R VES

! KEEH | TABRET - ATIV] HEDERZRIEIHBD A,
[JAN4950096 1 4505) EFER. HERbIE.
544 (48) Wikk73% 75 2014457 A

—162—






