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1. Abstract

Among HCC recipients, viral serostatus did not significantly af-

1.1. Background fect the long-term survival. In contrast, among non-HCC recipi-
) . . - ents, HBsAg positivity was associated with supetior survival (p =
Liver transplantation (LT) is the definitive therapy for end-stage ’ &P . Y o . p \
. . . , 0.0002), whereas anti-HCV positivity predicted worse outcomes (p
liver disease and hepatocellular carcinoma (HCC). However, in o ) .
) ) . . = 0.001). A longer waiting time was associated with reduced mor-
HBV-endemic regions, the allocation-relevant implications of the . o . .
. . . . tality among transplant recipients but increased mortality among
viral hepatitis status, waiting time, age, and donor type remain in- . .
. non-transplant candidates. Advanced age increased the post-trans-
completely defined in real-world transplant systems.

1.2. Methods

We analysed 19 years of nationwide data (2005-2024) from the
Taiwan Organ Registry and Sharing Centre (TORSC). Survival
outcomes were stratified by HCC status, hepatitis B surface anti-
gen (HBsAg) status, anti-HCV status, waiting time, age, and donor
type to evaluate their roles as allocation-relevant variables using

Kaplan-Meier analysis and Cox proportional hazards models.
1.3. Results

LT was associated with markedly improved survival compared to

non-transplantation (5-year survival: 77.9% vs. 30.6%; p < 0.0001).

plant mortality risk; nevertheless, recipients aged =70 vyears
achieved substantially better survival than non-transplant patients.
Living-donor liver transplantation conferred a significant survival
advantage over deceased-donor transplantation (HR, 0.783; p <
0.001).

1.4. Conclusions

This nationwide cohort study demonstrated that LT prolongs sur-
vival across patient subgroups. Viral serostatus, waiting time, age,
and donor type function as dynamic context-dependent allocation
variables rather than fixed prognostic labels. These findings pro-
vide real-world evidence to inform transplant allocation and donor

strategies in HBV-endemic aging societies.
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2. Introduction

Liver transplantation (LT) is the definitive treatment for end-stage
liver disease and is used to select patients with hepatocellular car-
cinoma (HCC). In regions with a high prevalence of chronic viral
hepatitis, such as Taiwan, hepatitis B virus (HBV) and hepatitis C
virus (HCV) remain the leading etiologist of cirrhosis and HCC,
accounting for the majority of transplant indications and liver-re-
lated mortalities. As a result, liver transplantation in HBV-endemic
societies operates under conditions of sustained disease burden,
severe organ scarcity, and increasing demand from the aging pop-
ulations [1-4].

Advances in antiviral therapy have fundamentally altered the natural
history of hepatitis B virus (HBV)- and HCV-related liver diseases.
Potent nucleus(t)ide analogy and direct-acting antivirals have mark-
edly reduced viral replication, graft reinfection, and post-transplant
complications [5-7]. Nevertheless, viral serostatus, particularly HB-
sAg positivity, continues to be perceived as an adverse prognostic
factor in transplant decision making, despite growing evidence that
its clinical significance may differ in the contemporary antiviral era.
How the viral hepatitis status should be interpreted as a prognos-
tic and allocation-relevant variable in real-world transplant systems

remains unclear.

Several non-biological factors play critical roles in transplant out-
comes and allocation. Waiting time before transplantation reflects
both disease progression and selection processes within transplant
systems, yet its relationship with post-transplant survival is com-
plex and context dependent [8-11]. Similarly, advanced recipient
age is often viewed as a relative contraindication to transplantation,
although improvements in surgical techniques and perioperative
care have expanded the eligibility of older adults [12]. Donor type,
particularly living donor liver transplantation (LDLT), has emerged
as a structural response to organ shortage, but its survival advan-

tage and policy implications vary across healthcare systems [13-15].

Most existing studies addressing these issues originate from West-
ern transplant systems and focus on single dimensions such as viral
status, HCC, or age, rather than their combined effects within a
unified allocation framework. Moreover, evidence from HBV-en-
demic regions with universal health insurance coverage and exten-

sive reliance on LDLT is limited.

Using 19 years of nationwide registry data from the Taiwan Or-
gan Registry and Sharing Centre (TORSC), we aimed to evalu-
ate how viral hepatitis status, HCC, waiting time, age, and donor
type influence survival outcomes of liver transplantation. Rather
than treating these factors as fixed risk labels, this study examined
their behaviour as dynamic, context-dependent variables within a
real-world transplant allocation system. In doing so, we provide

population-level evidence.
3. Materials and Methods
Data were obtained from the Taiwan Organ Registry and Sharing

Centre (TORSC) and included all liver transplant candidates reg-

istered between 2005 and 2024. The primary outcome was over-

all survival from listing and transplantation. Variables of interest
included hepatocellular carcinoma (HCC) status, viral serostatus
(hepatitis B surface antigen [HBsAg] and anti—hepatitis C virus
[anti-HCV]), age at listing, waiting time, and donor type.

Survival was assessed using the Kaplan—Meier method, and hazard
ratios (HRs) with 95% confidence intervals (Cls) were estimat-
ed using Cox proportional hazards models. Ethics approval was
waived because the TORSC data were de-identified and publicly
available (TMU-JIRB Certificate No: N202501024).

4. Statistical Analysis

All statistical analyses were performed using R version 4.3.1 (R
Core Team, Vienna, Austria). Categorical variables are presented
as numbers and percentages, and continuous variables as mean
+ standard deviation (SD). Baseline characteristics and outcomes
were compared using the chi-square or Fisher’s exact tests for cat-

egorical variables and analysis of variance for continuous variables.

Kaplan—Meier analysis with the log-rank test was used to compare
the cumulative survival among the groups. Crude hazard ratios
(CHRs), adjusted hazard ratios (AHRs), and corresponding 95%
CIs were derived from Cox regression models. Follow-up com-
menced at the time of listing. Statistical significance was defined as
a two-sided p-value < 0.05.

5. Results
5.1. Baseline Characteristics

Among transplant recipients, patients with HCC were significantly
older than those without HCC (mean age 56.0 vs. 48.5 years; p
< 0.001; Table 1), consistent with the epidemiological profile of
HCC in Taiwan. HBsAg and anti-HCV positivity were more preva-
lent among HCC recipients than among non-HCC recipients (both
p < 0.001; Table 1).

5. 2. Overall Survival Benefit of Liver Transplantation

A survival advantage associated with transplantation was observed
across all age groups, although it was less pronounced among pa-
tients with HCC (Tables 2A, 2 B).

Kaplan—Meier analysis demonstrated that liver transplantation was
associated with significantly higher 5-year survival than non-trans-
plantation (77.9% vs. 30.6%; p < 0.0001), with consistent survival
benefits across patient subgroups (Figure 1A). Among transplant
recipients, the 10-year survival was higher in non-HCC patients
than in HCC patients (70.5% vs. 62.8%; p < 0.0001; Figure 1B).

5.3. Impact of HCC and Viral Hepatitis Status on Post-Trans-

plant Survival

Among HCC recipients, neither HBsAg positivity (p = 0.24) nor
anti-HCV positivity (p = 0.57) was significantly associated with
long-term survival (Figure 1C). Among non-HCC recipients, HB-
sAg positivity was associated with improved survival compared to
HBsAg negativity (p = 0.0002), whereas anti-HCV positivity was
associated with worse survival compared to anti-HCV negativity (p
= 0.001; Figure 1D).
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Figure 1: Kaplan—Meier survival analyses:
(A) Survival comparison between patients with and without liver transplantation.
(B) Survival among liver transplant recipients with versus without hepatocellular carcinoma (HCC).
(C) Survival by HBsAg and anti-HCV status in HCC transplant recipients.
(D) Survival by HBsAg and anti-HCV status in non-HCC transplant recipients.
Transplantation is associated with significantly improved survival, which is modified by the HCC status and viral status.
) Transplantation N pl () Liver cancer Naon-liver cancer
p-value p-value
(n = 7324) (n=10729) (n=2009) (n=$315)
? Enrollment age (mean=sd) 50.54 + 1453 5245+ 1152 “0.001 56.02 +8.22 48.47 + 1530 <0.001
Median (IQR) 54(14) 55(14) 57410y 53(13)
(Q1.Q3) 46, 60) (47.61) (82.62) (45, 58)
Range (Min-Max) 0-84 0-79 1-76 0-84
<20 429(5.9) 2423 <0.001 3(0.1) 426.(8.0) <0.001
20-29 103 (1.4) 148 (1.4) 7(03) 9 (1.8)
30-39 422058) 789 (7.4) 8 (3.9 344(6.5)
4049 1523(208) 2375 (22.1) 288 (14.3) 1235(23.2)
50-59 2081 (40.7) 4035 (37.6) 64 (43.0) 2117 (39.8)
60-69 1793 (24.5) 2034 (27.3) 746 (37.1) 1047 (19.7)
>70 73(1.0) 204 (1.9) 23(1.1) 50 (09)
Liver Cancer <0.001
No S315(72.6) 8046 (75.0) . -
Yes 2009 (27.4) 2683 (25.0) = =
HBsAg 0.083 <0.001
Negalivel-) 3953 (54.0) 5655 (52.7) K30 (41.4) 3123 (58.8)
Positive(-) 3361 (46.0) 5071 (47.3) 1176 (58.6) 2185 (41.2)
Missing. 10 3 3 7
Anti-HCV 0.950 <0.001
Negativel -} 5690 {77.8) 8340 (77.8) 1401 (64.8) 4289 (80.9)
Positive( ) 1619(22.2) 2380 (22.2) 605 (30.2) 1014(19.1)
Missing. 15 9 3 12

Table 1: Baseline characteristics of patients with end-stage liver disease, stratified by (A) transplantation status and (B) presence of hepatocellular car-

cinoma among transplant recipients. Differences in age, viral hepatitis status, and cancer prevalence are presented.
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Liver cancer 3 o667 OB gy 006 ggm 03 ggh 03 g 0415
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Non-liver cancer 9% 0.822 1 0.811 | 0.763 | 0.706 1 0.676 1
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e
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>
Non-liver cancer 50 0.794 0.722 0.690 0.6%0
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Table 2 (A): Age-stratified survival rates at 1, 3, 5, 10, and 15 years for patients with and without liver transplantation. (B) Similar stratification among

transplant recipients with and without HCC. Transplant recipients consistently demonstrate better survival across age groups.

Non-transplantation group Transplantation group
Transpl group - B
(N=7324) All Death Dropout Liver cancer Non-liver cancer
o (N=10729) (N=7045) (N=3684) (N=2009) (N=5315)
| Waiting time (year, meantsd) 070 + 1.54 253 1 359 1.57 £ 239 4.35 + 465 0.75 £ 146 068 + 1.37

Table 3: Mean waiting time (years) in transplant and non-transplant groups, stratified by transplant status and presence of HCC. Longer waiting times

were observed among patients who ultimately dropped out or died on the waitlist.

5. 4. Waiting Time and Survival

Mean waiting time was shorter among transplant recipients (0.70 £
1.54 years) than among non-transplanted candidates (2.52 * 3.59
years), while patients who dropped out of the waiting list had the
longest waiting time (4.35 & 4.65 years). Among transplant recipi-
ents, patients with HCC had a longer mean waiting time than those
without HCC (0.75 £ 1.46 vs. 0.68 £ 1.57 years; Table 3).

Each additional year of waiting time was associated with a re-
duced mortality risk among transplant recipients (adjusted HR,
0.955; 95% CI, 0.928-0.982; p = 0.001). The association was most

pronounced among recipients with waiting times of 6—10 years
(adjusted HR 0.693; p = 0.028), consistent with the selection of
candidates with greater physiological reserves. In contrast, a lon-
ger waiting time was associated with increased mortality among
non-transplant candidates (adjusted OR, 1.007 per year; p < 0.001;
Table 4A).

When stratified by HCC status, waiting time was not significantly
associated with survival among HCC patients (adjusted HR 0.969;
p = 0.220), whereas among non-HCC patients, a longer waiting
time was associated with improved survival (adjusted HR 0.945; p
= 0.002; Table 4B).

(A} N CrdeModelHR)  p AdwicdMakl'  p | (B) N CndeModdR)  p  AduicdModd®  p
Tramplantatien Liver cancer
Waiting time Waitiag me
0041 (0915, 0.968) <0001 0.935 (0928, 0982)  0.001 UUS0[0.903, 0999 0046 0900 (0920, 1L020]  0.236
fiper year) Apper year)
1 6120 Ref Ref <l 1694 Tef Ref
] 386 DI2[0670,0983] 003 082 (06K, 0597) 0046 H 138 O772(0.568, 1L050) 0099  0.506 (0595, 1.09%] 0.170
¥ N0 LORORI0 193] 0Rd 1042 [0S251317) 0 ] M 0767 1102 (0759, 1602 0,610
s W8 O7GS[OS64 LO] 0086 0790 [0KA, 1L0T] 013 u 0088 DAM[OISE L1M] 0119
L] M L043 (0745, 1.865]  OROT  LEIMH[OTO0,1558] 0547 5 14 0363 1493 (0771 2890) 0238
0] M3 O617[0.445, 0654] 0004 D683 [0.500,0961) 0028 610 47 090[0.50, 1250) 0318 0.94) (0592, 1405 0.097
" 2 0264|0085, 0819] 0021 0333 [0L107.1038] 0088 211 1
CrdeModel (OR)  p Adjested Modd® » Crude Moded (HR) Adiusted Moded * »
Now-transplastation Neon-liver camcer
Waiting time Waiting time
0,791 (0780, 0.802) <0001 1007 [1.000, 1O11] <0001 0933 (D901, 0966] <0001 D945 [AS1Z0.979] D002
Ijper year) Aper yean)
I 6197 Ref Ref 1 Ref
| 1168 0.526[0.460, 0.601) <0001 0,523 [0457, 0.598) <0001 2 0811 [635, 1
3 T2 AB0ITL 07 <0000 0434 [0IT2,0508] <0001 3 00986 (0730, 1.
4 506 0413 [0343, 048] <0000 0412 [0342,0,407)  <iudd 4 14 ORT[0SRE, 1.202) 0336 0866 [AS03, 1. ¥
L] 436 D283 (0254 038K]) <0001 0287 [0236,0350) <000l 3 T 0WI 0668, 14TH]  09%0 1033 [0seS. 1558 08N
[ 10 0091 [OUI67, 0219) <0001 DI [0, 0.225] <0 10 96 04T9[0301,0.763] 0002 0532 0334, 0848 0.008
211 570 00580042, 0068 <0001 D057 (D044, 0071] <00l 211 2 029E[000,095] 0036  OIS[AILS LIS 00N

' Adjustod Model were estimated using cox model adjusted for age.
" Adjusted Model wene extimated using logistic regression adjusted for age,

Table 4 (A): Adjusted hazard ratios for mortality associated with waiting time in transplant versus non-transplant patients. (B) Separate analysis of HCC

and non-HCC recipients for mortality associated with waiting time.
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5. 5. Age-Dependent Outcomes and Donor Type Effects

Recipient age was independently associated with posttransplant
mortality. Each additional year of age at transplantation was asso-
ciated with an increased mortality risk (HR, 1.018; 95% CI, 1.014—
1.022; p < 0.001), with the highest risk observed among recipients
aged =70 years (HR, 4.119 compared with recipients aged <20
years; p < 0.001; Table 5A). The association between age and mor-
tality was less pronounced in HCC recipients (Table 5B).

Living-donor liver transplantation was independently associated
with better survival than deceased donor liver transplantation (HR,
0.783; 95% CI, 0.716-0.855; p < 0.001). These findings underscore
the importance of age-sensitive risk stratification and the role of
living donor transplantation in optimizing outcomes, particulatly

in non-HCC recipients with prolonged waiting times (Table 5A).

(A) N Hazard Ratio P |® N Hazard Ratio P

Transplant group Liver cancer

Trarsplant age Transplasil age

{pes year) LR [1.014,1.022] <0l (e year) 1022 [1L.012, 1L033] <000l
<M 419 Rel <20 3 Refl
20.2¢ 98 2235[1.429,3.496]  <0.001 2029 4 L4BA[035, 1639] 0746
10-39 m 211901546, 2.006] <001 -39 64 0993 [0,133, 7421] 05993
40-49 1414 2047 [1.562, 2.683] <0001 40-49 66 0.915[0.127, 6,583 0.930
50-50 2954 24711906, 3203 <0.001 050 K30 1108 (0168, £.516] 0859
6065 1973 2954[2272,3.842] <001 [ 805 1427 [0.200, 1017] 0723
=70 a5 4.119[2.727,6.221] <0001 =70 7 2.205 [0.293, 16.58]  D.442
Dreceased donor 2135 Ref Dreceased donar 511 Ref
Living donor 3172 0783 [0.716, 0.835] <0001 | Living donor 1498 0.970 [0.819, 1.150] 0728
Enrollment age LOI9[1.015,1.023] <000 | EArolment age 1.024 [1.014, 1.034] <0001
(per year) {per year)
=0 4219 Ref <0 3 Ref
20.29 W03 2203[1.419,3421] <0001 20-29 7 0864 [007% 9.538] 0506
3039 422 193001 418,2,626] <0001 3039 TR O8IR[0.113,6,232] 0863
40-49 1523 2113 [1.622,2.754] <00l 40-49 IRE 09050139, T.142) 090
0-59 2981 2.481[1.92 3] <0n] 5059 864 1213 [0.070, £645] 0847
065 1793 3013 [2323,3909]  <0.00] 60 T46  1.442[0.207, 10.28] 0715
=70 73 4.595[2925,7.217] <0001 =70 23 3ATI[0409, 2460] 0269
Non-transplant group Non-liver cancer
I‘::ll::;"-lk“ L3 (1010, 1.015] <0001 ;':::EL"::I L LOL6 [LO12, 1O20] <0001
<20 144 Rel <20 415 Ref
20-20 145 L132[0.839,1.828] 0418 20-20 94 2189 [1.381, 3468] <0001
30-39 TRY LSTO[1.283, 1.943] <0001 30-39 06 102 (151X 2924] <0001
40-49 2275 1796 [1.480, 2.180] <001 4049 1146 2.040 [1.546, 2.691]  <0.001
5059 4035 2047 [1.691,2477] <0001 50-59 2019 2.369 [LEIE, 3089]  <0.001
60-69 2934 2121[1.750,2.571] <0001 60-69 1060 2.765 [2.104, 3.633]  <0.001
0 M 23I5[1.802,2975] <0001 =70 S8 3,541 [2.103, 5.936]  <0.001

Table 5 (A): Association between transplant age, donor type (living
vs. deceased), and survival, along with enrollment and dropout age in
non-transplanted patients, but living donor transplantation offers a pro-
tective benefit. (B) Similar analysis stratified by HCC status among trans-

plant recipients. Older age increases mortality risk in non-HCC recipients.

6. Discussion

In this nationwide, long-term cohort study from an HBV-endemic
society, we demonstrated that liver transplantation confers a con-
sistent and substantial survival benefit across disease categories,
viral serostatus, age groups, and donor types. Beyond confirming
the survival advantage of transplantation, our findings highlight
how traditionally defined risk factors-viral hepatitis status, waiting
time, and advanced age-function as dynamic context-dependent

variables within a real-world transplant allocation system.

5

In Taiwan, the scarcity of deceased donor organs has led to wide-
spread adoption of LDLT. For DDLT, patient selection followed
the Milan criteria, which limits eligibility to patients with a single
tumour =5 c¢m or up to three tumours =3 cm, without macrovas-
cular invasion or extrahepatic spread. For LDLT, broader criteria,
such as the UCSF guidelines, are often applied, allowing a single
tumour <6.5 cm or up to three nodules with the largest diameter
<45 cm and a total diameter <8 cm [16-19]. Taiwan’s National
Health Insurance (NHI) requires transplant recipients to meet ei-
ther the Milan or UCSF criteria for reimbursement, emphasizing

cost-effectiveness and fairness in allocation.

Consistent with previous studies, transplant recipients with HCC
exhibited lower long-term sutrvival than those without HCC, re-
flecting the oncological burden inherent to malignancy [20]. Nev-
ertheless, liver transplantation remains associated with a marked
survival advantage in HCC patients compared with non-trans-
planted individuals, supporting its role as a definitive therapy in ap-
propriately selected candidates [21]. In contrast, among non-HCC
recipients, post-transplant outcomes appeared to be more strongly
influenced by systemic and virological factors than by tumour-re-

lated considerations.

Viral serostatus demonstrated differential prognostic implications
according to the HCC status. Among HCC recipients, neither HB-
sAg nor anti-HCV positivity significantly affected long-term sut-
vival, suggesting that tumour biology and recurrence risk outweigh
virological factors in this population. However, among non-HCC
recipients, HBsAg positivity was associated with superior surviv-
al, whereas anti-HCV positivity predicted worse outcomes. These
findings should not be interpreted as a protective effect of hepatitis
B itself, but rather as evidence that, in the contemporary antiviral
era, HBsAg status may serve as a marker of well-controlled chron-
ic viral disease within a structured transplant and post-transplant
management system. In contrast, the adverse impact of anti-HCV
positivity likely reflects residual comorbidity and history of disease

burden despite antiviral treatment.

Beyond transplantation, the clinical significance of HBsAg levels
is being radically reinterpreted, providing a plausible biological ex-
planation for our findings. Traditionally, high HBsAg levels have
been considered a marker of an increased risk of HCC. However,
emerging evidence has suggested a more nuanced relationship. A
landmark study by Tseng et al. found that among patients with
inactive CHB (HBeAg-negative, normal ALT, HBV DNA <2000
1U/mL), an HBsAg level <100 IU/mL identified a large subgroup
with an annual HCC risk of 0.08%, which is not only below the
recommended surveillance threshold, but also comparable to the
non-HBV/non-HCV general population [22]. This defines the
state of “partial cure.” Intriguingly, this inverse relationship be-
tween HBsAg level and risk was also observed in specific high-vi-
remia populations. Another study by the same group found that
among HBeAg-positive immune-tolerant patients, those with HB-
sAg 210,000 IU/mL had a delayed development of HCC com-
pared to those with lower levels [23]. This suggests that a high HB-

sAg level in the absence of liver injury might be a biomarker for a
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more genuine and stable immune-tolerant phase characterized by

less aggressive viral integration and hepatocarcinogenesis.

In the context of transplantation, our HBsAg-positive non-HCC
recipients likely represent a population with effectively controlled
viral replication (via NA therapy) and potentially favorable vi-
ral-host dynamics, akin to the “immune-tolerant” or “inactive car-
rier” state described above. Their superior survival reflects a lower
burden of underlying metabolic comorbidities compared with the
HBsAg-negative group, coupled with a virological profile that is

now well-controlled and less carcinogenic.

These results also highlight the importance of individualized vi-
rological management of transplant candidates. For non-HCC
patients, rigorous viral suppression, such as lifelong HBV prophy-
laxis and DAA therapy for HCV, is crucial for improving the long-
term outcomes. For patients with HCC, the surveillance of tumour
recurrence remains a priority. Given Taiwan’s large cohort of pa-
tients with HBV- and HCV-related HCC, these observations are
clinically meaningful and valuable for international comparisons.
For patients with hepatitis B virus (HBV) awaiting liver transplan-
tation, submission of medical data to the Taiwan Organ Registry
and Sharing Centre (TORSC) does not require HBV DNA levels
as a mandatory field. As a result, there remains significant room
for further research to elucidate the impact of hepatitis B on liver
transplantation outcomes in non-hepatocellular carcinoma (non-
HCC) cases.

Waiting time before transplantation showed a bidirectional associ-
ation with survival, depending on transplant status [24,25]. Among
transplant recipients, a longer waiting time is associated with re-
duced post-transplant mortality. This relationship should be un-
derstood not as a causal benefit of delay, but as a selection mecha-
nism whereby candidates with stable disease biology and preserved
physiological reserves are more likely to survive transplantation and
achieve favourable outcomes. Conversely, a prolonged waiting time
was associated with increased mortality among non-transplant pa-
tients, underscoring the detrimental consequences of delayed ac-
cess to definitive therapy. These findings illustrate the dual role of
waiting time as both a risk indicator and system-level selection tool

within allocation frameworks [26,27].

Recipient age was independently associated with post-trans-
plant mortality; however, even patients aged = 70 years derived
a substantial survival benefit from transplantation compared with
non-transplanted individuals. This observation supports the view
that chronological age alone should not be treated as a fixed ex-
clusion criterion but rather as a component of a broader, out-
come-oriented assessment incorporating physiological reserve and
system capacity [28]. In parallel, living donor liver transplantation
was independently associated with superior survival compared to
deceased donor transplantation, highlighting its role as a structural
solution to organ scarcity, particularly in aging societies with limit-
ed deceased donor supply [29-31].

Taken together, these results indicate that viral serostatus, waiting

time, age, and donor type should be interpreted as allocation-rel-

evant variables, whose prognostic significance is shaped by anti-

viral effectiveness, system design, and selection processes, rather
than static risk labels. In HBV-endemic settings with severe organ
scarcity, such as Taiwan, transplant policies that integrate these dy-
namic factors and strategically expand living donor programs may

optimize both equity and outcomes in liver transplantation.
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