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Abstract

Aim: Using nationwide data collected over the past 20 years, we aimed to investigate
deceased donor liver transplantation (DDLT) outcomes to develop a unique risk model
that can be used to establish a standard for organ acceptance in Japan.

Methods: Data were collected for 449 recipients aged 218 years who underwent
DDLT between 1999 and 2019. Least absolute shrinkage and selection operator
(LASSO) regression analysis was utilized to develop an original risk score model for 1-
year graft loss (termed the Japan Risk Index [JRI]). We developed risk indices accord-
ing to recipient, donor, and surgery components (termed JRI-R, D, and S, respectively).
The JRI was validated via a 5-fold cross-validation. We also compared DDLT outcomes
and risk indices among Eral (-2011), Era2 (-2015), and Era3 (-2019).

Results: The 1-year graft survival rate was 89.5% and improved significantly, reaching
84.7%, 87.6%, and 93.9% in Eral, Era2, and Era3, respectively. The JRI was calculated
as JRI-R (re-transplantation, Model for End-Stage Liver Disease score, medical con-

dition in intensive care unit) x JRI-D (age, catecholamine index, maximum sodium,

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BA, biliary atresia; BAR, balance of risk; BMI, body mass index; DDLT, deceased donor liver
transplantation; DLI, donor liver index; DLI1, donor liver index for 1-year graft survival; D-MELD, donor age and recipient model for end-stage liver disease; DQI, donor quality index;
DRI, donor risk index; ET-DRI, eurotransplant donor risk index; GGT, y-glutamyl transpeptidase; ICU, intensive care unit; JLTS, Japanese Liver Transplantation Society; JOTNW, Japan
Organ Transplant Network; JRI (-D, -R, -S), Japan Risk Index (for donor, for recipient, for surgery); LT, liver transplantation; MELD, model for end-stage liver disease; ROC, receiver
operating characteristic; SOFT, survival outcomes following liver transplantation.
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1 | INTRODUCTION

For successful deceased donor liver transplantation (DDLT), com-
plete and accurate knowledge of risk factors before transplantation
is essential. Numerous countries and regions have identified risk
factors for DDLT. However, the risk to patient and graft survival in
DDLT varies by country and region. Thus, it is not possible to per-
form a universal risk factor analysis.® In fact, previously reported
indices often included region-specific factors, such as race or re-
gional allocation systems, and differed across regions.™ Therefore,
we believe it is necessary for each country or region to perform its
own analysis of risk factors for DDLT.

In Japan, the first DDLT from a brain-dead donor under the
Organ Transplant Law was performed in 1999. Furukawa and col-
leagues analyzed the first 85 adult cases who underwent DDLT from
1999 to 2011 in Japan and identified the recipient's Mayo End-Stage
Liver Disease (MELD) score, donor age, and cold ischemic time as
independent risk factors for 3-month recipient survival.” After re-
vision of the law on transplantation in 2010, which allowed organ
donation with family consent, the number of donations increased,
and the cumulative number of DDLTs reached 500 cases in 2019.
However, there have been no standards or indicators relevant to the
Japanese population. To increase the success rate of liver transplan-
tation (LT), there is an urgent need for Japanese transplant surgeons
to summarize past outcomes of Japanese DDLT and develop a prac-
tical national risk model for predicting organ acceptance.

In the present study, we collected DDLT-related recipient, donor,
and surgical factors from the national databases of the Japanese
Liver Transplantation Society (JLTS) and the Japan Organ Transplant
Network (JOTNW). Using these data collected over the past
20 years, we aimed to develop a unique risk model that can be used

to establish a nationwide standard for organ acceptance in Japan.

2 | MATERIALS AND METHODS

2.1 | Data collection from the nationwide JLTS and
JOTNW databases

We collected data related to recipient, donor, and surgical factors
from the JLTS and JOTNW databases. We combined these two

77 G . 713
1"/’ ) AG Surg Annals of Gastroenterological S\vrgry _Wl LEYJ_

maximum total bilirubin) x JRI-S (total ischemic time) x 0.84. The risk model achieved
a mean C-statistic value of 0.81 in the validation analysis. The risk index was signifi-
cantly lower in Era3 than in Era2.

Conclusion: Changes in the risk index over time indicated that avoiding risks contrib-
uted to the improved outcomes in Era3. The JRI is unique to adult DDLT in Japan and

may be useful as a reference for organ acceptance in the future.

brain death, database, Japan, liver transplantation, risk assessment

national databases while ensuring anonymization to protect per-
sonal information. The transplantation year, transplantation pre-
fecture, recipient age, sex, and blood type were used to identify
the corresponding patients in the two databases. Regarding graft
survival, status as of March 2020 was also collected. Regarding re-
cipient factors, hepatic encephalopathy was evaluated according to
the grade of hepatic coma proposed by the Inuyama Symposium in
1972.8 Regarding donor factors, average alcohol intake 260 g/day
was defined as alcohol history positive, and Brinkman index 2100
was defined as smoking history positive. Since the JOTNW database
lacks information on the length of intensive care unit (ICU) stays for
donors, the duration on a respirator was used as an indicator of long-
term donor management. The catecholamine level at procurement
was calculated using the catecholamine index, which was defined as
dopamine + dobutamine + (adrenaline + noradrenaline) x 100 pg/
kg/min.? For blood biochemical tests, the maximum value from ad-
mission to procurement and the last value before procurement were
collected. Pathological data regarding the presence of fibrosis (de-
gree indicated by the Inuyama classification)!® and steatosis were
collected from the biopsy report, if intraoperative biopsy was per-
formed during procurement.

This study was approved by the project committee of the JLTS
and the Institutional Review Board of the Keio University School of
Medicine (#20180301, #20140289). The JOTNW data were pro-
vided for this study with the approval of the Institutional Review
Board of JOTNW (#4). There was no need to acquire written in-

formed consent from each patient given the nature of the study.

2.2 | Organ allocation system in Japan

The Japanese organ allocation system has previously been re-
ported in detail.'>*2 Donors are allocated on a national basis,
and there is no local or regional priority. Waiting patients are
prioritized based on the following criteria: blood type, disease
severity, and duration on the waiting list. Disease severity is de-
termined using the medical emergency score, a unique point sys-
tem in Japan. Patients with acute liver failure or early graft failure
after LT receive top priority (9 points), followed by patients with
liver cirrhosis with Child-Pugh grades of C, B, and A3 (6, 3, and
1 points), respectively. Since 2011, the most severe cases with
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Child-Pugh grade C (MELD score 225 and Child-Pugh score 213)
have been upgraded to 8 points on the medical emergency score,
and patients with scores of 9 points have been re-registered with

scores of 10 points.

2.3 | Study population, era definition, and outcome
This study included DDLTs performed in Japan from January
1999 to March 2019 for recipients aged 218 years. The study pe-
riod was divided by case number into three eras according to
the accumulated case number. The first 100 cases reported by
Furukawa and colleagues were categorized as Eral.” The remain-
ing cases were equally divided into Era2 and Era3. Subsequently,
patients aged <18 years and those who died intraoperatively were
excluded.
The main outcome was defined as 1-year graft loss after DDLT.

2.4 | Development of a Japanese risk model for
1-year graft loss

For construction of the risk model, univariate logistic regression
analyses were performed first. Recipient, donor, and surgical fac-
tors that were considered known or predictable at the time of organ
acceptance were subjected to univariate analysis. Regarding the
surgical factors, split LT, simultaneous liver and kidney transplanta-
tion, and total ischemic time were included in the analysis, as split
LT and simultaneous liver and kidney transplantation are known at
pre-transplant condition, and the total ischemic time is a predictable
factor.

Using the R package “glmnet,” a logistic regression model was
applied using the least absolute shrinkage and selection operator
(LASSO) method for variable selection and shrinkage in order to de-
velop a risk model.** Variables with P values <0.10 in the univariate
analyses were included. The penalty regularization parameter (A) was
determined via the 5-fold cross-validation method using “cv.glmnet.”
The parameter () was given by the least mean square error.** A
series of nonzero variables combined with the corresponding effi-
ciency were identified and used to construct a prediction model for
1-year graft loss. We also divided the nonzero variables into donor,
recipient, and surgery components and developed the risk indices

based on each component.

2.5 | Validation of the risk score model

In order to confirm the robustness and accuracy of the risk score
model, 5-fold cross-validation was used for internal validation. The
ability to predict 1-year graft loss was comprehensively evaluated
by plotting a receiver operating characteristic (ROC) curve in each
validation set and by calculating a mean area under the curve (C-
statistic) using the R package “ROCR."*®

2.6 | Ability of previously reported models to
discriminate 1-year graft loss

We then evaluated the discrimination ability of the following pre-
viously developed models in our cohort: Donor Risk Index (DRI),
Eurotransplant DRI (ET-DRI), Donor Liver Index (DLI), DLI for 1-year
graft survival (DLI1), Donor Quality Index (DQI), Survival Outcomes
Following Liver Transplantation (SOFT) score, adjusted Balance of
Risk (BAR) score, Donor Age and Recipient MELD (D-MELD) score,
and the risk model proposed by Molinari et al.}¢1%” The C-statistic
was then calculated for each model. To estimate DQI, we used the
estimated glomerular filtration rate for the Japanese population

rather than diet modification in renal disease creatinine clearance.'®

n o«

In the estimation of SOFT scores, “life support,” “portal venous
thrombosis,” and “previous abdominal surgery” were estimated as
“none” because this information was not available. To estimate DRI,
ET-DRI, and SOFT scores, geographic region was fixed to “national
sharing” because the Japanese allocation system does not introduce

regionality.

2.7 | Graftsurvival rates according to risk
evaluations of donor, recipient, and surgical factors

To examine the survival rate according to risk evaluations in detail,
we assessed 1-year graft survival rates according to recipient, donor,

and surgical indices.

2.8 | Changes inrisk factors and risk indices
over time

The number of DDLTs for patients with donor, recipient, and surgical
factors, as determined using the LASSO method and the developed
risk indices, were compared among the eras.

2.9 | Graftsurvival with and without liver
steatosis and fibrosis

Since liver biopsy was performed in less than two-thirds of all pa-
tients in this study, microscopic findings of steatosis and fibrosis
were not included in the multivariate analysis for 1-year graft loss
and were subjected to another analysis of graft survival and risk

score assessments with and without steatosis/fibrosis.

2.10 | Statistical analyses

Continuous data are represented as mean values and standard de-
viations, while categorical data are represented as numbers and per-
centages. Student's t test was used to compare continuous data, and
chi-square test was used to compare categorical data. Graft survival



TAKEMURA ET AL.

3 ; ) 715
45’ | AG Surg Annals of Guslruchccruloglu _Wl LEYJ_

was calculated using the Kaplan-Meier method, and 1-year graft
survival was compared using the log-rank test. P values <0.05 were
considered statistically significant. R software v 4.1.1 (R Foundation
for Statistical Computing) was used for LASSO regression and 5-fold
cross-validation, while the Statistical Package for the Social Sciences
version 27.0 software (IBM Corp) was used for other statistical

analyses.
3 | RESULTS
3.1 | Characteristics and graft survival of DDLT in

Japan

Within the study period, 523 DDLTs were performed in Japan. All
donors were brain dead. After integrating the two databases and
excluding recipients aged <18 years (n = 73) and intraoperative
death (n = 1), 449 recipients were enrolled in this study. Finally, Eral
(January 1999-January 2011, n = 85), Era2 (January 2011-December
2015, n = 185), and Era3 (December 2015-March 2019, n = 179)
were analyzed (Figure 1).

Characteristics of DDLT are shown in Table 1. The 1-, 3-, and
5-year graft survival rates were 89.5%, 86.1%, and 83.0%, respec-
tively. (Figure 2A) The 1-year graft survival rate was significantly
higherin Era3(93.9%) than in Eral (84.7%, P = 0.01) and Era2 (87.6%,
P =0.03; Figure 2B).

3.2 | Risk score model developed via
LASSO regression

Variables with P values <0.10 in the univariate logistic analysis were

subjected to LASSO regression. Table 2 and Figure 3A,B demonstrate

JLTS database
n=523

the results of the LASSO procedure. The optimal tuning parameter of
lambda (A) was determined as 0.018905 via 5-fold cross-validation.
The selected nonzero variables were re-transplantation, recipient
MELD, recipient medical condition in ICU, donor age, donor cat-
echolamine index, donor maximum sodium level, donor maximum
total bilirubin level, total ischemic time, and era. The risk model for
1-year graft loss (i.e. the Japan Risk Index [JRI]) and the estimated
1-year graft loss rate were defined based on the nonzero coefficient
of B expressed in Table 2. Moreover, we also developed risk indices
according to each component. The index and each component are
expressed as follows:

JRI = (JRI for recipient [JRI-R]) x (JRI for donor [JRI-D]) x (JRI for
surgery [JRI-S]) x (0.84 [if Era3])

Estimated 1-year graft loss rate (%) = JRI x Intercept (0.056) x 100

JRI-R = exp ([0.545, if re-transplantation] + [0.291, if MELD 30-
39] + [0.473, if MELD 240] + [0.383, if recipient ICU])

JRI-D = exp ([0.390, if donor age 60-69 years] + [0.869, if donor
age 270 years] + [0.262, if catecholamine index 10.0-29.9] + [0.642,
if catecholamine index 230.0] + [0.518, if donor maximum sodium
2180 mEq/L] + [0.079, if donor maximum total bilirubin 3.0-4.9 mg/
dL] + [0.544, if donor maximum total bilirubin 25.0 mg/dL])

JRI-S = exp ([0.923, if total ischemic time 11.0-12.9 h] + [1.152,
if total ischemic time 213.0 h])

Then, an internal validation of the JRI was performed through
5-fold cross-validation using the full sample of 449 participants.
Across the folds, the model achieved a mean C-statistic of 0.81 and
a standard deviation of 0.02 (Figure 3C). On the other hand, the C-
statistic values for all previous models were <0.70 (Figure 3D).

The Kaplan-Meier curves for the JRI are shown in Figure 3E.
Three groups were obtained according to the following values: low
risk (JRI <3), moderate risk (3 < JRI < 6), and high risk (JRI 26). JRI
scores clearly corresponded to excellent, acceptable, and poor 1-

year graft survival outcomes, respectively.

JOTNW database
n =523

Integration

Integrated database

n =523

Categorization into 3 eras l l

Era1 Era2 Era3

(Jan1999-Jan 2011) (Jan 2011-Dec 2015) (Dec 2015-Mar 2019)
n =100 n=21 n=212
<18 years <18 years <18 years n = 32
n=15 n=26 Intraoperative death n = 1
Era1 Era2 Era3
t (n = 449

Analyzed set (n = 449) =85 ’ n=185 ‘ ’ n=179

FIGURE 1

Integration of two nationwide databases and categorization of data into transplantation eras. The JLTS and JOTNW databases

were integrated and then categorized into three eras. The first 100 cases were categorized as Eral (January 1999-January 2011). The next
423 cases were divided into Era2 (January 2011-December 2015) and Era3 (December 2015-March 2019). Subsequently, patients aged
<18 years (n = 73) and a patient who died intraoperatively (n = 1) were excluded from all categories. Finally, 449 cases, consisting of Eral
(n=85), Era2 (n = 185), and Era3 (n = 179), were included in this study. JLTS, Japanese Liver Transplantation Society; JOTNW, Japan Organ

Transplant Network
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TABLE 1 Characteristics of adult DDLT in Japan TABLE 1 (Continued)
Variables n (%) or mean + SD Variables n (%) or mean + SD
Recipient factor Steatosis (<30%/ 230%/ not 246/12/191
Sex (male) 250 (55.7) e
Age, years 463+123 Number of declines for donor 40(8.9)
reason 23
Primary liver disease
Surgical factor
Acute liver failure 112 (24.9) . .
Split liver transplantation 37(8.2)
Cirrhosis (hepatocellular, viral) 103 (22.9) . . .
Simultaneous liver and kidney 19 (4.2)
Cirrhosis (hepatocellular, non-viral) 57 (12.7) transplantation
Cirrhosis (cholestatic, BA) 30(6.7) Total ischemic time, h 89425
Cirrhosis (cholestatic, -BA 92 (20.5
irrhosis (cholestatic, non ) ( ) Note: Data were presented as mean values + SD and numbers (%) for

Metabolic disease 30(6.7) continuous and categorical variables, respectively. B
Others 25 (5.6) Abbreviations: ALT, alanine aminotransferase; AST, aspartate

76 (16.9) aminotransferase; BA, biliary atresia; BMI, body mass index; DDLT,

Re-transplantation ’ ”
deceased-donor liver transplantation; GGT, gamma-glutamyl

Ascites: Moderate 218 (48.6) transpeptidase; ICU, intensive care unit; MELD, Model for End-stage
Encephalopathy: 2llI 58(12.9) Liver Disease; SD, standard deviations.
Medical condition: in ICU 126 (28.1)
Dialysis 118 (26.3) .

) . ) . 3.3 | Graftsurvival rates and number of DDLTs
Anti-hepatitis C antibody positive 86(19.2) . .. . .

5 according to donor, recipient, and surgical risk

BMI, kg/m 234 +45
MELD score 231 +80

JRI-D, JRI-R, and JRI-S were categorized into 3, 4, and 2 sub-

Donor factan classes [JRI-D = 1, 1 < JRI-D < 1.5, and JRI-D 2 1.5), JRI-R = 1,

Sex (Male) 263(58.6) 1 < JRI-R < 1.5, 1.5 < JRI-R < 2, and JRI-R = 2), and (JRI-S = 1 and
Age, years 44.2+14.3 >1)], respectively. The number of DDLTs and 1-year graft survival
Hypertension 81(18.0) rate for each risk class are presented in Table 3. Poor 1-year graft
Diabetes mellites 14 (3.1) survival was consistent with overlap of the three risk assessments,
BMI, kg/m? 227 +39 and excessive risk duplication was limited. In particular, the signifi-
Alcohol history 53(12.2) cance of JRI-S was notable when it overlapped with other poor prog-
Smoking history 198 (45.3) nostic factors.
Anti-hepatitis B core antibody 47 (10.5)
positive
Cause of death 3.4 | Changesinrisk factors and risk indices
Trauma 84(18.7) over time
Cerebrovascular disease 213 (47.4)
. The number of DDLTs with the determined risk factors and the de-
Anoxia 149 (33.2)
veloped risk indices were compared among the eras in Table 4. We
Others 3(07) observed a significant increase in the number of patients with MELD
Duration on respirator, days 9982 scores 230 and significant decreases in numbers of patients with
Catecholamine index e catecholamine index 210 and total ischemic time 211 h from Eral
Sodium, maximum/ last mEq/L 156.4 +10.6/ to Era3. The mean JRI (without era) and the number of DDLTs with
1410£97 a JRI (without era) 26 was significantly lower in Era3 than in Era2
Vel o T A, D L el S22 0AL el 7 (P =0.02). The mean JRI-S value was significantly lower in Era3 than
AST, maximum/ last, lU/L 327 + 653/ 63 + 118 in Eral (P = 0.007).
ALT, maximum/ last, IU/L 229 + 517/ 58 + 82
GGT, maximum/ last, IU/L 134 + 134/ 97 + 101
Creatinine, last, mg/dL 1.3+1.6 3.5 | Graftsurvival in patients with and without
Image findings of steatosis 45 (10.0) liver steatosis and fibrosis

Pathological findings
Fibrosis (FO-1/ F2/ not examined) 250/6/193 Graft survival curves for cases with and without liver steatosis and

fibrosis are shown in Figure 4. There was no graft loss in DDLTs with
>30% steatosis (n = 12) and F2 fibrosis (n = 6). The proportion of
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T 04 : 3 E = 5
g : 3 : = : 1-year graft survival
£ ; ; ' O 07 ; o
o 02 : : ! : ——Eral 84.7% |
: 3 ; : —Era2 87.6% |,
' : ' : ——Era3 93.9%
0.0 | : ; 0.6 :
0 12 24 36 48 60 0 12 24 36 48 60
Time after transplantation, months Time after transplantation, months
Number at risk Number at risk
Allera 449 402 342 283 226 193 Era1 85 72 69 69 68 68
Era2 185 162 154 153 149 125
Era3 179 168 120 62 9 0

FIGURE 2 Graft survival curves for DDLT in Japan. (A) The Kaplan-Meier curve shows graft survival for the total cohort (n = 449)

in Japan. The 1-, 3-, and 5-year graft survival rates were 89.5%, 86.1%, and 83.0%, respectively. (B) The 1-year graft survival rate was
significantly higher in Era3 than in Eral (P = 0.01) and Era2 (P = 0.03). There was no significant difference in the 1-year graft survival rate
between Eral and Era2 (P = 0.51; *P < 0.05). DDLT, deceased donor liver transplantation

DDLTs with selected risk factors and corresponding JRI values are
shown in Table S1. There was no case with risk factors of maximum
total bilirubin 23 mg/dL or total ischemic time 211 h among DDLTs
involving livers with 230% steatosis. There was also no case with
risk factors of donor age 260 years, maximum total bilirubin 23 mg/
dL, or total ischemic time 211 h among DDLTs involving livers with
F2 fibrosis. Moreover, there was also no case with a JRI 23 among
DDLTs with 230% steatosis, and there was only one patient with a
JRI 23 among DDLTs involving livers with F2 fibrosis.

4 | DISCUSSION

This nationwide study investigated outcomes of Japanese DDLTs
performed over the past 20 years. To help future researchers in de-
veloping a strategy for successful Japanese DDLT, we examined the
DDLT graft survival rate in Japan to develop a new risk model. The
risk model proposed in this study provides insight into the reasons
underlying improved graft survival over time in Japan. Prospective
use of this risk model may help to facilitate graft survival and enable
efficient utilization of marginal donors.

The 1-year graft survival throughout all eras was 89.5%, and
era-specific survival analysis revealed that the 1-year graft sur-
vival rate reached 93.9% in the most recent era. Thus, although
the number of transplants remains small, Japan's DDLT success
rate has reached a level comparable with those of other countries
and regions.>*%29 |n establishing the risk model, we also identified
risk factors and non-risk factors for 1-year graft survival unique
to DDLT in Japan. Although nine risk factors were included in the
model for 1-year graft survival, variables not included among these
nine factors should also be noted. As shown in Table 2, duration on

a respirator (an indicator of long-term donor management as well
as ICU stay) was not significant in our univariate analysis for 1-year
graft survival, which is in disagreement with some previous stud-
ies.?122 This result suggests that the Japanese donor evaluation
and management system, which employs professional transplant
management doctors (medical consultants) to assess donor organ
eligibility and advise the physicians of the donor hospital regard-

ing donor management,?®

is now well-functioning. Another point
of interest is split LT, which has also been reported to be a poor
prognostic factor.*?* In Japan, Sakamoto and colleagues already
reported that 36 adult and pediatric recipients who underwent split
LT from 1999 to 2014 achieved an acceptable 1-year graft survival
rate (91.0%).2°> Our study focused on adults and expanded the pa-
tient population to recent cases. Our current results suggest that
there is little effect of split LT on 1-year graft survival in adult pa-
tients, although these patients typically receive a partial liver graft
that remains after a pediatric patient has first received a desired
graft from a whole donor liver.

The main objective of this study was to establish a nationwide
standard for organ acceptance in Japan. According to the C-statistics,
none of the previous models had an adequately high discriminative
ability to predict the 1-year graft survival of the Japanese DDLT co-
hort. In this study, we developed a risk index based on the national
data collected from Eral to Era3 and proposed using the index (JR
| = JRI-R x JRI-D x JRI-S x 0.84) as a new prognostic risk model for
1-year graft survival. As shown in Figure 3E, the JRI clearly stratified
the survival rates. Considering the 1-year graft survival rate of DDLT
in other countries (88.2% from 2010 to 2014 in the United States
and 83.0% from 2009 to 2013 in France),>* we suggest organ ac-
ceptance based on the following criteria, at least until achieving a

sufficient increase in the number of donor organs:
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TABLE 2 Univariate analyses and LASSO regression analysis for 1-year graft loss

A

Variables

Recipient factor
Sex: male (vs female)
Age (vs <40 years)
40-59 years
260 years
Primary liver disease (vs acute liver failure)
Cirrhosis (hepatocellular, viral)
Cirrhosis (hepatocellular, non-viral)
Cirrhosis (cholestatic, BA)
Cirrhosis (cholestatic, non-BA)
Metabolic disease
Others
Re-transplantation: yes (vs no)
Ascites: moderate (vs none-mild)
Encephalopathy: 21l (vs <Il)
Medical condition: in ICU (vs not in ICU)
Dialysis: yes (vs no)
Anti-hepatitis C antibody positive (vs negative)
BMI (vs <25.0 kg/m?)
25.0-34.9 kg/m?
>35.0 kg/m?
MELD score (vs <20)
20-29
30-39
240
Donor factor
Sex: male (vs female)
Age (vs <40 years)
40-59 years
60-69 years
270 years
Hypertension: yes (vs no)
Diabetes mellites: yes (vs no)
BMI (vs <25.0 kg/m?)
25.0-34.9 kg/m?
235.0 kg/m?
Alcohol history: yes (vs no)
Smoking history: yes (vs no)

Anti-hepatitis B core antibody positive (vs
negative)

Cause of death (vs Trauma)
Cerebrovascular disease
Anoxia

Others

TAKEMURA ET AL.
Univariate
1-year graft survival, % P value OR 95%ClI
89.2 (vs 89.9) 0.80 1.08 0.59-2.00
(vs 88.1) 0.51 1.30 0.60-2.82
90.9 0.39 0.74 0.38-1.46
87.3 0.86 1.08 0.45-2.58
(vs 86.6) reference
88.3 0.70 0.85 0.38-1.92
89.5 0.59 0.76 0.28-2.08
91.3 0.37 1.62 0.57-4.61
80.0 0.30 0.62 0.25-1.53
100.0 1.00 0.00 0.0-c
100.0 1.00 0.00 0.0-o
77.6 (vs 92.0) <0.001 3.29 1.71-6.35
87.2 (vs 91.8) 0.11 1.64 0.89-3.04
82.8 (vs 90.5) 0.08 1.99 0.93-4.27
83.3(vs 91.9) 0.01 2.28 1.23-4.22
89.0 (vs 90.0) 0.76 1.11 0.56-2.19
90.7 (vs 89.3) 0.69 0.85 0.38-1.90
(vs 90.4) reference
86.8 0.29 1.44 0.74-2.81
100.0 1.00 0.00 0.0-o
(vs 91.5)
914 0.96 1.02 0.48-2.17
824 0.05 2.31 1.00-5.36
72.7 0.06 4.06 0.95-17.4
89.7 (vs 89.2) 0.87 0.95 0.52-1.75
(vs 90.9) reference
91.8 0.76 0.90 0.44-1.83
81.7 0.06 2.25 0.97-5.21
40.0 0.004 15.0 2.3-97.0
91.4 (vs 89.0) 0.74 0.87 0.39-1.94
100.0 (vs 89.1) 1.00 0.00 0-o
(vs 90.6) reference
85.1 0.13 1.69 0.87-3.30
100.0 1.00 0.00 0-c
87.8 (vs 89.8) 0.21 2.07 0.66-6.46
90.9 (vs 89.1) 0.54 0.82 0.44-1.54
91.5 (vs 89.3) 0.64 0.78 0.27-2.27
(vs 89.3) reference
88.3 0.80 1.11 0.49-2.48
91.3 0.62 0.80 0.33-1.95
100.0 1.00 0.00 0.0-c
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TABLE 2 (Continued)

A Univariate
Variables 1-year graft survival, % P value OR 95%Cl
Duration on respirator (vs <7 days) (vs 90.1) reference
7-27 days 88.9 0.69 1.13 0.61-2.11
228 days 92.3 0.80 0.76 0.09-6.16
Catecholamine index (vs <10.0) (vs 91.8) reference
10.0-29.9 84.1 0.04 211 1.04-4.26
230.0 63.6 0.005 6.38 1.77-23.1
Sodium, maximum (vs <160 mEq/L) (vs 91.2) reference
160-179 mEq/L 87.6 0.23 1.47 0.78-2.77
2180 mEq/L 75.0 0.07 3.45 0.88-13.6
Sodium, last 2160 mEq/L (vs <160 mEq/L) 88.9 (vs 89.6) 0.11 1.03 0.99-1.06
Total bilirubin, maximum (vs <3.0 mg/dL) (vs 91.1) reference
3.0-4.9 mg/dL 82.4 0.10 2.20 0.86-5.69
25.0 mg/dL 70.0 0.004 4.41 1.59-12.2
Total bilirubin, last (vs <3.0 mg/dL) (vs 91.1) reference
3.0-4.9 mg/dL 80.8 0.12 2.27 0.81-6.34
>5.0 mg/dL 70.0 0.12 2.85 0.75-10.8
AST, maximum (vs <100 IU/L) (vs 89.0) reference
100-999 1U/L 90.8 0.55 0.82 0.43-1.56
21000 IU/L 82.1 0.30 1.76 0.60-5.15
AST, last 2100 U/L (vs <100 IU/L) 86.9 (vs 89.9) 0.47 1.35 0.60-3.05
ALT, maximum (vs <100 IU/L) (vs 89.1) reference
100-999 1U/L 90.3 0.68 0.88 0.47-1.63
21000 IU/L 86.7 0.77 1.25 0.27-5.87
ALT, last 2100 IU/L (vs <100 IU/L) 87.9 (vs 89.8) 0.67 1.20 0.51-2.83
GGT, maximum 2150 IU/L (vs <150 IU/L) 87.3 (vs 91.0) 0.25 1.46 0.77-2.80
GGT, last 2150 IU/L (vs <150 [U/L) 86.7 (vs 90.6) 0.31 1.47 0.71-3.05
Creatinine, last 21.5 mg/dL (vs <1.5 mg/dL) 89.3 (vs 89.6) 0.94 1.03 0.48-2.23
Image findings of steatosis: present (vs absent) 89.3 (vs 91.1) 0.71 0.82 0.28-2.40
Number of declines for donor reason =3 (vs <3) 82.5 (vs 90.2) 0.13 1.96 0.81-4.71
Surgical factor
Split liver transplantation: yes (vs no) 91.9 (vs 89.3) 0.63 0.74 0.22-2.50
Simultaneous liver and kidney transplantation: 100.0 (vs 89.1) 1.00 0.00 0-o
yes (vs no)
Total ischemic time (vs <9.0 h) (vs 95.2) reference
9.0-10.9 h 90.3 0.08 212 0.91-4.96
11.0-12.9h 77.0 <0.001 591 2.62-13.3
213.0h 68.2 <0.001 9.25 3.13-27.3
Others
Transplantation era (vs Eral) (vs 84.7) reference
Era2 87.6 0.52 0.79 0.37-1.65
Era3 93.9 0.02 0.38 0.17-0.87

(Continues)
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TABLE 2 (Continued)

B

Variables Coefficient

Recipient factor

Re-transplantation: yes (vs no) 0.545
Encephalopathy: 211l (vs <) 0.000
Medical condition: in ICU (vs not in ICU) 0.383
MELD score (vs <20) reference
20-29 0.000
30-39 0.291
240 0.473
Donor factor
Age (vs <40 years) reference
40-59 years 0.000
60-69 years 0.390
270 years 0.869
Catecholamine index (vs <10.0) reference
10.0-29.9 0.262
230.0 0.642
Sodium, maximum (vs <160 mEq/L) reference
160-179 mEq/L 0.000
2180 mEq/L 0.518
Total bilirubin, maximum (vs <3.0 mg/dL) reference
3.0-4.9 mg/dL 0.079
25.0 mg/dL 0.544
Surgical factor
Total ischemic time (vs <9.0 h) reference
9.0-10.9 h 0.000
11.0-12.9 h 0.923
213.0h 1.152
Others
Transplantation era (vs Eral) reference
Era2 0.000
Era3 -0.170
Intercept -2.876

ORexp ()

1.724
1.000
1.466

1.000
1.338
1.605

1.000
1.476
2.385

1.300
1.901

1.000
1.678

1.082
1.723

1.000
2.541
3.164

1.000
0.842
0.056

Note: Bold emphasis indicates variables with P values <0.10 in the univariate analyses (A) and variables with non-zero coefficient in the LASSO
analysis (B). Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BA, biliary atresia; BMI, body mass index; Cl, confidential
intervals; GGT, gamma-glutamyl transpeptidase; ICU, intensive care unit; LASSO, the least absolute shrinkage and selection operator; MELD, Model

for End-stage Liver Disease.

JRI < 3: recommended

3 < JRI < 6: controversial but acceptable when the patient's gen-
eral condition does not allow further waiting

JRI 2 6: discouraged

The proposed risk model, JRI, and Table 3 may be useful refer-
ences for recipients with extremely high risk and marginal donors in
the future.

Interestingly, the total ischemic time is not a definite known fac-
tor at the time of organ acceptance decision, but has the highest odds

ratio among the selected variables in the LASSO regression analysis
for 1-year graft loss (Table 2B). As shown in Table 3, 1-year graft sur-
vival was extremely poor when recipient, donor, and especially sur-
gical factors overlapped. We attempted to develop a risk index using
variables without including the total ischemic time, but the devel-
oped index did not maintain sufficient predictive power compared
to that with total ischemic time (mean C-statistic + SD =0.73 + 0.03
vs 0.81 + 0.02, respectively; detailed data are not presented). It is
very important for transplant surgeons to accurately estimate the
total ischemic time collecting traffic information and understand the
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FIGURE 3 Development and validation of a new risk model for 1-year graft loss in Japan. (A) Variable selection using the least absolute
shrinkage and selection operator (LASSO) logistic regression model. Fourteen variables were selected by LASSO logistic regression analysis.
Two dotted vertical lines mark the optimal values of lambda (A) by minimum criteria and 1-standard error criteria. (B) LASSO coefficient
profiles of the 20 variables. The numbers assigned for each curve show each variable as follows: re-transplantation (1), encephalopathy:

2|1l (2), medical condition in ICU (3), MELD score (20-29 [4], 30-39 [5], 240 [6]), donor age (40-59 years [7], 60-69 years [8], 270 years [9]),
catecholamine index (10.0-29.9 [10], 230.0 [11]), maximum sodium level (160-179 mEq/L [12], 2180 mEq/L [13]), maximum total bilirubin
level (3.0-4.9 mg/dL [14], 25.0 mg/dL [15]), total ischemic time (9.0-10.9 h [16], 11.0-12.9 h [17], 213.0 h [18]), and transplantation era

(Era2 [19], Era3 [20]). A vertical line indicates the optimal value of lambda based on by the least mean square error, which gives 14 nonzero
coefficients. (C) The Japan Risk Index (JRI) was assessed through 5-fold cross-validation using the full sample of 449 participants for internal
validation. Across the folds, the model had a mean C-statistic of 0.81 and a standard deviation of 0.02. (D) Ability of the previous risk models
to discriminate 1-year graft loss. The C-statistic was calculated for each model. The C-statistics for all previously reported models were
below 0.70. (E) Graft survival following DDLT according to risk scores. The 1-year graft survival rate worsened significantly as the risk score
increased (P < 0.001). The following three groups were obtained based on survival rates: low-risk (JRI < 3), moderate-risk (3 < JRI < 6), and
high-risk (JRI 26). BAR, Balance of Risk; DDLT, deceased donor liver transplantation; DLI, Donor Liver Index; DLI1, Donor Liver Index for 1-
year graft survival; D-MELD, Donor Age and Recipient Model for End-Stage Liver Disease; DQI, Donor Quality Index; DRI, Donor Risk Index;

ET-DRI, Eurotransplant Donor Risk Index; ICU, intensive care unit; JRI, Japan Risk Index; LASSO, least absolute shrinkage and selection
operator; MELD, Model for End-stage Liver Disease; SOFT, Survival Outcomes Following Liver Transplantation

TABLE 3 One-year graft survival rate (number of DDLTs) according to the risk indices by donor, recipient, and surgical factors

JRI-D*=1.0

1.0<JRI-D < 1.5

JRI-D 2 1.5

JRI-SS =1 JRI-S > 1 JRISS =1
JRI-R*=1.0
1.0<JRI-R< 1.5

1.5<JRI-R< 2.0

97.7% (n = 131)
94.3% (n = 53)
91.2% (n = 34)

90.9% (n=33)  95.2% (n=42)

76.9% (n=13) 92.9% (n=14)

JRI-R 22 85.7% (n=21) PeEEA(ISE)) 66.7% (n=9)
Total 95.0% (n=239) 85.5%(h=62) 92.8%(n=283)

92.3% (n=13) 100.0% (n = 18) ORI (jI=¢)) 80.0% (n = 10)

JRI-S>1 JRI-S=1 JRI-S>1 Total

75.0% (n=12) 88.9% (n=18)  60.0% (n=5)
100.0% (n = 1)
50.0% (n = 2)
25.0% (n = 4)

50.0% (n = 12)

93.8% (n = 226)
90.8% (n =98)
86.6% (n = 67)
67.4% (n = 43)
89.1% (n = 449)

66.7% (n = 3)
50.0% (n = 4)

100% (n=1)
50.0% (n = 2)
83.9% (n = 31)

59.1% (n = 22)

Note: Dark and light gray color shade indicate that 1-year graft survival rate <50% and 50% < 1-year graft survival rate <80%, respectively.
Abbreviations: DDLT, deceased donor liver transplantation; JRI, Japan Risk index; JRI-D, JRI for donor; JRI-S, JRI for surgery; JRI-R, JRI for recipient;

MELD, Model for End-Stage Liver Disease.

2JRI-D = exp ([0.390 if donor age 60-69] + [0.869 if donor age 270] + [0.262 if catecholamine index 10.0-29.9] + [0.642 if catecholamine index
>30.0] + [0.518 if donor maximum sodium 2180 mEq/L] + [0.079 if donor maximum total bilirubin 3.0-4.9 mg/dL] + [0.544 if donor maximum total

bilirubin 25.0 mg/dL]).

®JRI-R = exp ([0.545 if re-transplantation] + [0.291 if MELD30-39] + [0.473 if MELD 240 ]+ [0.383 if recipient ICU]).
“JRI-S = exp ([0.923 if total ischemic time 11.0-12.9 h] + [1.152 if total ischemic time 213.0 h]).

difficulty of liver removal. The most important issue may be that the
total ischemic time is shortened by introducing a regional allocation
system so that the impact of ischemic time becomes negligible.

We also measured the changes in risk factors and risk index
according to era. As shown in Table 4, the DDLT environment has
changed significantly over time. Recipients were more severely ill
in Era3 than in Eral. In 2011, the Japanese DDLT allocation system
modified the medical emergency score to prioritize not only the
Child-Pugh score but also the MELD score, which may have con-
tributed to the increase in the number of DDLTs with MELD scores
>30 after Era2. In contrast, our results indicate that transplant sur-
geons succeeded in performing DDLT under favorable conditions
in terms of ischemic time, and intensive care physicians were also
successful in reducing catecholamine usage during donor manage-
ment in Era3. The analysis of the JRI revealed that several indices
were significantly decreased in Era3, suggesting that transplant
surgeons had become more cautious about challenging preopera-
tive conditions and intended to avoid overlapping potential risk fac-
tors in Era3. Such alterations in the attitudes of transplant surgeons

may have contributed to the excellent 1-year graft survival rate in
Era3, along with advances in transplant surgery and postoperative
management.

The pathological findings of a graft (steatosis or fibrosis) are
medically definite factors affecting graft function and are among
the main reasons for declining a graft.Z""29 The analysis focusing on
these pathological findings revealed that the 1-year graft survival
rate was 100% in cases involving livers with moderate steatosis and
fibrosis, implying that steatosis and fibrosis have little effect on 1-
year graft survival in Japan. However, the comparison of risk fac-
tors between patients with and without each finding indicated that
DDLTs using steatotic and fibrotic livers were performed under fa-
vorable conditions. Thus, acceptance of steatotic and fibrotic livers
is possible but should be approached carefully. Future studies should
investigate the detailed criteria for the acceptance of steatotic and
fibrotic livers in DDLT.

This study had some limitations, the most substantial of which
was the low number of included DDLTs. This study covered all past
DDLTs in Japan and collected as much information as possible from
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TABLE 4 Changes in risk factors and risk indices over the eras

Era3 vs Eral Era3 vs Era2
Alleran=449 Eraln=85 Era2 n = 185 Era3 n =179 P value P value
Recipient factor
Re-transplantation 76 (16.9) 13 (15.3) 37 (20.0) 26 (14.5) 0.87 0.17
Medical condition: in ICU 126 (28.1) 15(17.6) 61(33.2) 50(27.9) 0.07 0.28
MELD score 230 85 (19.0) 10(11.9) 32(17.3) 43(24.0) 0.02 0.11
Donor factor
Age 260 years 65 (14.5) 7(8.2) 34 (18.4) 24 (13.4) 0.22 0.20
Catecholamine index 210 93(20.9) 29 (35.4) 35(18.9) 29 (16.2) 0.001 0.50
Sodium, maximum 12 (2.7) 0(0.0) 6(3.2) 6(3.4) 0.19 0.73
>180 mEq/L
Total bilirubin, maximum 54 (12.0) 7(8.2) 28 (15.1) 19 (10.6) 0.54 0.20
>3 mg/dL
Surgical factor
Total ischemic time 211 h 96 (21.4) 26 (30.6) 42(22.7) 28(15.6) 0.01 0.09
The proposed risk indices
JRI (without era)? 248 +3.84 2.36 +1.90 3.01+5.70 198 +1.18 0.09 0.02
JRI (without era) 26 20(3.3) 3(3.5) 13(7.0) 4(2.2) 0.54 0.03
JRI-RP 1.37 +0.54 1.27 +0.48 1.43 £ 0.56 1.37+0.68 0.11 0.35
JRI-D® 1.17 + 0.48 1.18 £ 0.29 1.21 +0.68 1.11+0.22 0.07 0.06
JRI-S¢ 1.28 +0.68 1.52 + 0.80 1.38 +0.72 1.25+0.59 0.007 0.06

Note: Data were presented as mean values + standard deviations and numbers (%) for continuous and categorical variables, respectively. Bold
emphasis indicates statistical significance (P <0.05).

Abbreviations: ICU, intensive care unit; JRI, Japan Risk index; JRI-D, JRI for donor; JRI-R, JRI for recipient; JRI-S, JRI for surgery; MELD, Model for
End-stage Liver Disease.

2JRI (without era) = (JRI for recipient [JRI-R]) x (JRI for donor [JRI-D]) x (JRI for surgery [JRI-S]).

®JRI-R = exp ([0.545 if re-transplantation] + [0.291 if MELD30-39] + [0.473 if MELD 240] + [0.383 if recipient ICU]).

“JRI-D = exp ([0.390 if donor age 60-69] + [0.869 if donor age >70] + [0.262 if catecholamine index 10.0-29.9] + [0.642 if catecholamine index
230.0] + [0.518 if donor maximum sodium 2180 mEq/L] + [0.079 if donor maximum total bilirubin 3.0-4.9 mg/dL] + [0.544 if donor maximum total
bilirubin 5.0 mg/dL]).

9JRI-S = exp ([0.923 if total ischemic time 11.0-12.9 h] + [1.152 if total ischemic time 213.0 h]).

FIGURE 4 Graft survival with and (A) Liver steatosis (B) Liver fibrosis
without liver steatosis or fibrosis. Kaplan- 1.0 < 1.0 <
Meier curves of graft survival with (230%) = R ——— =
and without (<30%) liver steatosis are 3 08 s 08
shown in (A), and those with (F2) and z 06 % 06
without (FO-1) liver fibrosis are shown in E 1-year graft survival % 1-year graft survival
i i 2 — ELLL LT —]
(B). The’re was no graf't Ios‘s for.llvers with g 0.4 weenens <30% (n = 246) 87.0% 2 0.4 FO-1 (n =250) 87.6%
steatosis and those with fibrosis o 230% (n=12) 100.0% 3 " = F2 (n=6) 100.0%
02 : 2
P=0.11 P=0.33
0.0 0.0
0 12 24 36 48 60 0 12 24 36 48 60

Time after transplantation, months Time after transplantation, months

the national databases, but the sample size was relatively smaller
than those for studies conducted in other countries and regions, lim-
iting the statistical power of our analysis. In particular, the number
of donors at high risk (JRI 26) was limited. Therefore, we discour-
age organ acceptance in the high-risk group in this study; however,
this may need to be reconsidered with the increase in the number
of DDLTs. Since it is unclear whether Japan's DDLT performance is

mature enough to prospectively use the model developed based on
previous data, our suggestion to use the model with a coefficient of
0.84 presupposes that the conditions of the coming era are equiva-
lent to those of Era3. Therefore, continued data collection is essen-
tial for validating and updating the risk index proposed in this study.

In conclusion, through a detailed analysis of DDLT cases in Japan
over 20 years, we developed a risk model for 1-year graft loss unique
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to Japan. Retrospective analysis of risk index transitions was useful
in understanding the reasons for improved graft survival over time.
Based on past outcomes according to risk index, a JRI of <3 should
be preferred for organ acceptance in Japan. Prospective use of this
risk score may further improve graft survival and allow for effective
utilization of marginal donors.
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