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Abstract
Background: The impact of donor age on survival after living donor liver transplantation (LDLT) considering clinical conditions such as hepatitis C virus (HCV)
infection, Model for End-stage Liver Disease (MELD) scores and graft-to-recipient body weight ratios (GRWR) is unclear.
Objective: The present study investigated the impact of younger donors on outcomes after LDLT in clinical subgroups based on these factors.
Methods: Between November 1994 and December 2015, 874 adult patients underwent LDLT at our institution. We defined donors aged < 40 years as being
younger. The recipients were assigned to eight subgroups according to presence or absence of HCV infection, MELD scores (< 25 or ≥ 25) and GRWR (< 0.8 or ≥
0.8). Overall survival rates after LDLT according to donor age (< 40 or ≥ 40 years) were compared among the sub-groups.
Results: Overall survival rates after LDLT were significantly higher in patients with grafts from younger donors than those from non-younger donors (P=0.006).
Among the subgroups of recipients with HCV negative, MELD scores < 25 or ≥ 25 and GRWR < 0.8, overall survival rates were significantly higher with grafts from
younger donors compared with non-younger donors (P=0.048, P=0.014, respectively).
Conclusion: Younger donors favorably impacted survival after LDLT among recipients with HCV-negative patients whose GRWR < 0.8 regardless of MELD
scores.

Abbreviations: DAA: direct acting antivirals; DD: deceased donor;
GRWR: graft-to-recipient body weight ratio; HCV: hepatitis C virus;
LD: living donor; LT: liver transplantation; MELD; model for end-stage
liver disease
Introduction
Liver transplantation (LT) has become a highly promising
treatment for end-stage liver diseases [1]. Living donor LT (LDLT) has
prevailed in Asian countries due to religious and cultural influences
resulting in a shortage of deceased donors. Indications for LDLT have
now been extended based on a variety of experiences. Several reported
risk factors for post-transplant patient survival include graft steatosis,
livers donated after cardiac death, aged donors, hepatitis virus-positive
donors, split liver grafts and extended duration of cold ischemia, that
have also been referred to as marginal grafts [2,3].
Several studies have investigated the impact of elderly donors on
outcomes of LDLT [4-8]. We also reported that donors aged ≥ 60
years comprise an independent risk factor for poor recipient survival
after LDLT [9]. On the other hand, younger donors favorably impact
survival after LDLT, especially in recipients infected with hepatitis C
virus (HCV) [10,11]. However, outcomes after LDLT are affected by
many factors in the clinical setting such as HCV infection, graft size,
Model for End-stage Liver Disease (MELD) scores and donor age.
Nonetheless, little is known about the impact of donor age on
survival considering clinical conditions such as HCV infection,
MELD scores and the graft-to-recipient body weight ratio (GRWR).
Therefore, the present large-scale study investigated the impact of
younger donors on survival after adult-to-adult LDLT under various
donor and recipient conditions.
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Materials and methods
This study included 874 (male, n=435; female, n=439) consecutive
patients with a median age of 51 (range, 18 – 69) years who underwent
adult-to-adult LDLT between November 1994 and December 2015
at Kyoto University Hospital. The Ethics Committee of Kyoto
University approved the study, which proceeded in accordance with
the Declaration of Helsinki (2013).
Among the patients, 168 were ABO incompatible, and 706 were
identical or compatible. The median MELD score was 18 (range,
6 - 55). The indications for LDLT were HCC (n=255), liver cirrhosis
associated with hepatitis B or C virus (n=165), progressive intrahepatic
cholestatic diseases including primary biliary cirrhosis and primary
sclerosing cholangitis (n=149), biliary atresia (n=55), acute liver
failure (n=82), alcoholic liver cirrhosis (n=25), metabolic liver diseases
(n=25), Budd-Chiari syndrome (n=13) and other causes (n=105).
Orthotopic LDLT proceeded using left lobe, right lobe and posterior
segment grafts for 223, 628 and 17 patients. Six patients underwent
domino liver transplantation using whole liver grafts from patients
with familial amyloid polyneuropathy. The median GRWR was 0.98
(range, 0.45 - 2.14).
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Standard selection criteria for living donors have been described
in detail elsewhere [12-14]. The donor age for LDLT at our institute
is limited in principle to < 65 years. Donors aged from 65 to 67 years
were evaluated by our institutional review board. Graft and remnant
liver volumes in donors were preoperatively estimated using threedimensional reconstructed images of the hepatic vascular anatomy
generated by a software package based on reconstructed, multi-detector
CT images of livers. We gradually decreased the lower limit of GRWR
to preferentially select a left-, instead of a right-lobe graft (from ≥ 0.8%
until early December 2007, to ≥ 0.7% starting in December 2007, and
to ≥ 0.6% starting in April 2009).
The selection criteria for the recipients and the surgical techniques
for both donor and recipient operations have been described in detail
[12-14]. The standard immunosuppression protocol consisting of
tacrolimus and low-dose steroid was applied until January 2011 [15,16].
After February 2011, a steroid-free protocol using mycophenolate
mofetil was applied as described elsewhere excluding patients with
ABO-incompatible transplants or who had been administered with
steroid before LT [17].
We defined donors aged < 40 years as being younger. The median
donor age was 45 (range, 19 – 67) years. Four donors aged 19 years
were included, although the current definition of minimum donor age
is ≥ 20 years. The overall survival rates after LDLT according to donor
age were assessed. The recipients were then assigned to eight subgroups
according to presence or absence of HCV infection, MELD scores (< 25
or ≥ 25) and GRWR (< 0.8 or ≥ 0.8) (Figure 1). Overall survival rates
after LDLT according to donor age (< 40 or ≥ 40 years) were compared
among the sub-groups.
Cumulative overall survival rates were calculated using the KaplanMeier method, and differences between curves were evaluated using
the log-rank test. Values with P < 0.05 were considered significant.
All data were statistically analyzed using SPSS software (SPSS Inc.,
Chicago, IL, USA).

Results
Analysis of overall survival after LDLT
In all recipients, overall survival rates after LDLT were significantly
higher in patients with grafts from younger donors than those from
non-younger donors (P=0.006; Figure 2).

Figure 2. Overall survival rates after LDLT in all patients.

Analysis of overall survival after adult-to-adult LDLT based
on HCV infection, MELD scores and GRWR
In patients with HCV positive, overall survival rates were not
significantly different in the subgroup of recipients with MELD scores <
25 and GRWR < 0.8 or GRWR ≥ 0.8 who received grafts from younger
and non-younger donors (P=0.671; Figure 3A and P=0.149; Figure
3B, respectively). Overall survival rates did not significantly differ in
the subgroup of recipients with MELD scores ≥ 25 and GRWR ≥ 0.8
who received grafts from younger and non-younger donors (P=0.388;
Figure 3C). In the subgroup of recipients with MELD scores ≥ 25 and
GRWR < 0.8 (n=8), the analysis could not be statistically possible due
to small numbers of recipients.
In recipients with HCV negative, overall survival rates were
significantly higher in the subgroups of recipients with MELD scores
< 25 and GRWR < 0.8 and MELD scores ≥ 25 and GRWR < 0.8 who
received grafts from younger, compared with non-younger donors
(P=0.048; Figure 4A, P=0.014; Figure 4C, respectively). However,
overall survival rates did not significantly differ in the subgroups
of recipients with MELD scores < 25 and GRWR ≥ 0.8 and MELD
scores ≥ 25 and GRWR ≥ 0.8 who received grafts from younger and
non-younger donors (P=0.246; Figure 4B and P=0.864; Figure 4D,
respectively).

Discussion

Figure 1. Sheme of subgroups according to HCV infection, MELD score and GRWR.
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We previously clarified that elderly donors comprised an
independent risk factor for poor survival after adult-to-adult LDLT
[9]. Although grafts from younger donor are supposed to be more
favorable for long-term survival, the effects of other factors are not
clear. Here, we focused on HCV infection, the “disease” severity of
recipients and graft size to clarify the significance of younger donor
age on overall survival after LDLT. Yoshizumi et al. reported predictive
score about prognosis based on graft weight, donor age, MELD scores
and other factors [18]. Other investigators have also proposed using
donor-recipient matching using D-MELD (donor age × recipient
MELD score) to predict early and long-term surgical outcomes in
HCV-positive recipients with smaller grafts [19]. Jin et al. proposed the
following predictors of post-transplant survival in patients after acute
liver failure: vasopressor requirement, estimated glomerular filtration
rate, serum sodium concentration, recipient age and donor age at the
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Figure 3. Overall survival rates among recipients with HCV positive, MELD scores< 25 and GRWR < 0.8 (A) and GRWR ≥0.8 (B) and HCV positive, MELD scores ≥ 25 and GRWR ≥ 0.8
(C)who underwent LDLT with grafts from younger and non-younger donors.

time of transplant [20]. However, HCV infection, MELD scores and
GRWR have not been analyzed using algorithms. In the present study,
we clarified that younger donor age favorably impacted survival after
LDLT among recipients without HCV infection whose GRWR < 0.8
regardless of MELD scores.
Younger donors have been reported to comprise a favorable factor
for survival after LDLT, especially among recipients with HCV [2125]. We also reported that the overall survival rates of recipients with
HCV were significantly lower after receiving grafts from elderly, ≥ 60
years old, compared with younger donors [9]. Berenguer et al. reported
that outcomes among HCV-positive recipients were worsened by more
advanced donor age and more powerful immunosuppression [22].
Furthermore, Busquets et al. also reported that the effects of advanced
donor age on early liver function comprised decreased graft and
recipient survival [23]. Wali et al. showed that donor age is a powerful
determinant of the rate of the progression of fibrosis in recipient grafts.
They determined that the progression rate was 0.6 (median, 0.78) units/
year and that the interval to cirrhosis was 10 (median, 7.7) years when
the liver donor was aged < 40 years [24]. On the other hand, these
values significantly increased when grafts were donated by individuals
aged ≥ 50 years. Accelerated progression might be modulated by the
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age of the liver at the time of HCV infection. Selzner et al. analyzed
LT for HCV-related end-stage liver disease to elucidate whether the
progression of HCV recurrence differs between LDLT and deceased
donor liver transplantation (DDLT) [25]. Their univariate analysis
significantly associated donor age, cold ischemic time and DDLT with
fibrosis stage ≥ 1 after one year and fibrosis stages of 3 or 4 at two years
post-LT. In multivariate analysis, donor age was the only independent
variable associated with both outcomes, indicating that LDLT with
grafts from younger donors might particularly provide beneficial
outcomes for patients with hepatitis C.
In the present study, however, overall survival rates were
significantly higher in the subgroups of recipients with HCV negative,
GRWR < 0.8, regardless of MELD scores who received grafts from
younger, compared with non-younger donors. On the other hand,
overall survival rates did not differ in all subgroups of HCV-positive
recipients who received grafts from younger and non-younger donors.
For this reason, we defined donors aged < 40 years as being younger
in this study, while our previous report compared overall survivals of
recipients between elderly (≥ 60 years old) and non-elderly donors [9].
In fact, moreover, overall survival rates of adult-to-adult LDLT in and
after April 2006 did not differ significantly between the elderly group
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Figure 4. Overall survival rates among recipients with HCV negative, MELD scores< 25 and GRWR < 0.8 (A) and GRWR ≥0.8 (B) and HCV negative, MELD scores ≥ 25 and GRWR <
0.8 (C) and GRWR ≥ 0.8 (D)who underwent LDLT with grafts from younger and non-younger donors.

and the younger group [9]. The improvement of treatments for HCV
recurrence after LT might influence the finding. Treatment for HCV
recurrence in liver transplant recipients has recently dramatically
changed after the introduction of interferon-free therapy with directacting antivirals (DAA) [26]. Such therapy is apparently safe and
effective for patients with HCV before and after LT as well as for those
with severe cholestatic hepatitis C, although problems such as drugdrug interactions, direct-acting antiviral-resistant HCV, and other
issues affecting patients with decompensated cirrhosis and renal failure
must be overcome before its widespread adoption [27]. The impact of
younger donors on HCV-positive LT recipients in the DAA era might
be disappeared.

Various biological changes during aging also cause the liver to lose
the proliferative response and regeneration [29]. Taking this into
consideration, the present outcomes of recipients without liver
impairment seem to support our findings; overall survival rates in the
present study were significantly higher among recipients of grafts from
younger than from non-younger donors.

As for the impact of donor age as prognostic factor, we also
reported that elderly donor, ABO incompatibility and preoperative
intensive care unit stay were independent risk factors for poor
patient survival in adult-to-adult LDLT according to a multivariate
analysis. Therefore, we omit the multivariate analysis for younger
donors in this study.

Some limitations of this retrospective, single-center study must
be considered. A nation-wide study is needed to confirm the present
findings despite the fact that they were derived from the largest LT
center in Japan. One subgroup with HCV positive, MELD scores ≥
25 and GRWR < 0.8 was quite small (n=8) with respect to statistical
analysis. Second, we defined younger donors as being aged < 40
years and elderly recipients as being aged ≥ 60 years, which would
be appropriate to examine the effects of donor and recipient ages.
However, a nation-wide study is also needed in this context. Third, this
study included 874 consecutive recipients who underwent LDLT at our
institute over a period of > 20 years, during which surgical procedures,
perioperative management and HCV treatment considerably changed.
Such bias might affect the findings of this study.

As for the benefit of liver from younger donors, Ono et al. found
significantly higher rates of liver regeneration in younger than in aged
donors, and revealed that liver regeneration becomes more impaired
with age in donors after hepatectomy [28]. One reason for this might
be the influence of declining populations of hepatic progenitor cells.

In conclusion, younger donors favorably impacted survival after
LDLT among recipients with HCV-negative patients whose GRWR <
0.8 regardless of MELD scores. The results of this study stratified by 3
critical factors, HCV infection, MELD scores and GRWR, might offer
the choices for donor selection.
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