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	 Background:	 Complete pathological response (CPR) after locoregional treatments (LRTs) predicts better outcomes in pa-
tients with hepatocellular carcinoma (HCC) after living donor liver transplantation (LDLT). This study aimed to 
find risk factors associated with HCC recurrence in patients with LRT-induced CPR of HCC.

	 Material/Methods:	 Prognostic factors were identified from a development cohort of 313 patients from a high-volume single-cen-
ter LDLT database and validated using a nationwide cohort of 418 patients from the Korean multi-center trans-
plantation registry.

	 Results:	 In the development study, 380 LRT sessions were performed on 313 patients, while the validation study in-
cluded 482 sessions for 418 patients. Cumulative tumor recurrence and overall survival rates in the develop-
ment study showed recurrence rates of 2.0%, 3.9%, 3.9%, and 4.5% and overall survival rates of 97.1%, 93.5%, 
91.4%, and 89.2% at 1, 3, 5, and 10 years, respectively, respectively. In the validation study, tumor recurrence 
rates were 3.4%, 5.6%, and 7.7%, and overall survival rates were 98.6%, 96.0%, and 93.5% at 1, 3, and 5 years, 
respectively. Multiplicity of non-viable tumors was identified as a significant risk factor for tumor recurrence 
(P = 0.001; HR = 9.83) and overall survival (P = 0.021; HR = 2.91) in the development study, whereas the compos-
ite AFP–PIVKA-II score did not show significance. The validation study confirmed that the multiplicity of non-
viable tumors was the only significant risk factor for tumor recurrence (P = 0.026; HR = 2.47) and overall surviv-
al (P = 0.017; HR = 2.82).

	 Conclusions:	 This study demonstrates that LDLT recipients exhibiting LRT-induced CPR with multiple non-viable tumors con-
stitute a high-risk subgroup and may require intensive posttransplant surveillance.

	 Keywords:	 Carcinoma, Hepatocellular • Necrosis • Recurrence • Response Evaluation Criteria in Solid Tumors • 
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Introduction

Hepatocellular carcinoma (HCC) is one of the most prevalent 
and lethal cancers globally, particularly affecting individuals 
with chronic liver disease or cirrhosis [1]. Liver transplanta-
tion (LT) stands out as a crucial treatment modality, effective-
ly addressing both HCC and coexisting liver cirrhosis, offering 
a potential cure for selected patients. In many Asian coun-
tries, HCC is the primary reason for living donor liver trans-
plantation (LDLT).

Owing to challenges such as limited donor availability and strin-
gent transplantation criteria, many patients undergo downstag-
ing therapies while awaiting LDLT. These therapies encompass 
a range of locoregional treatments (LRTs), including transcath-
eter arterial chemoembolization (TACE), radiofrequency abla-
tion (RFA), and external beam radiotherapy [2-5]. However, the 
prognostic implications of tumor responses to these LRTs af-
ter transplantation remain unclear. This ambiguity arises from 
inconsistent assessment of treatment response and varying 
degrees of tumor necrosis achieved following LRTs [2,3,6,7].

Complete pathological response (CPR), characterized by the ab-
sence of viable tumor cells in the explanted liver, is frequent-
ly observed in LT recipients, particularly in the LDLT popula-
tion. Indicators of CPR include complete radiological response 
and significant reductions in tumor markers such as a-feto-
protein (AFP) and protein induced by vitamin K antagonist-II 
(PIVKA-II) [8]. CPR is a strong predictor of enhanced survival 
and lower recurrence rates after LT [9-11]. Furthermore, the 
AFP–PIVKA-II (AP) score, which integrates these 2 serum bio-
markers, serves as a practical tool for forecasting outcomes 
following hepatic resection and LT [12,13].

This study aimed to assess the prognosis of LDLT recipients 
who attain CPR following pretransplant LRTs. Specifically, we 
intended to explore the risk factors associated with HCC re-
currence in patients with CPR, utilizing data from a high-vol-
ume single-center cohort for model development, which was 
then validated in a multi-center cohort from the Korean Organ 
Transplantation Registry (KOTRY), a nationwide prospective reg-
istry of organ transplant recipients in South Korea.

Material and Methods

Study Design

This study consisted of 2 retrospective cohort studies. The 
first, a development study, utilized a comprehensive cohort 
from the high-volume single institution, whereas the second 
served as a validation study, drawing data from the Korean 
multicenter transplantation registry.

Patient Selection for Development Study

The institutional LT database at a Korean high-volume trans-
plantation center was systematically reviewed to identify pa-
tients who underwent primary LDLT for HCC between January 
2014 and December 2023. The exclusion criteria were applied 
to patients who had not received any preoperative LRT. This 
study focused on patients exhibiting CPR in explanted livers. 
The selection flow of the patients for the development study 
is depicted in Figure 1A. The inclusion criteria were LDLT, CPR 
of HCC, and pretransplant measurement of serum AFP and 
PIVKA-II levels (n = 313). Patients without either pretransplant 
AFP or PIVKA-II levels were regarded as incomplete data cases 
(n = 39) and thus excluded from this study. The medical records 
of the enrolled individuals were meticulously examined, with 
follow-up conducted through April 2026 or until death, utiliz-
ing institutional medical records and data from the National 
Health Insurance Service. The study protocol was approved 
by the Institutional Review Board of the Korean high-volume 
transplantation center (IRB No. 2025-1387), which waived the 
requirement for informed consent due to the retrospective de-
sign and the use of de-identified data with minimal risk to par-
ticipants. All procedures adhered to the ethical standards out-
lined in the Declaration of Helsinki (2013 revision).

Patient Selection for Validation Study

The multi-center LT database was explored to identify adult 
patients aged 19 years and older who underwent primary LDLT 
following an HCC diagnosis during the study period from April 
2014 to May 2023. This study included patients who demon-
strated LRT-induced CPR in explanted livers. The selection flow 
of the patients for the validation is shown in Figure 1B. The in-
clusion criteria were LDLT, CPR of HCC, and pretransplant mea-
surement of serum AFP and PIVKA-II levels (n = 418). Patients 
who did not provide information on pretransplant AFP or PIVKA-
II levels were regarded as incomplete data cases (n = 118) and 
thus excluded from this study. Approval for this study protocol 
was granted by the Institutional Review Board of the Korean 
high-volume transplantation center (IRB No. 2026-0875). The 
requirement for additional informed consent was waived be-
cause the study used anonymized registry data and a retro-
spective design. Participants had provided consent for KOTRY 
enrollment at their respective centers.

Data Sources

In the development cohort, data were obtained from the in-
stitutional LT database of a single high-volume transplanta-
tion center and supplemented by review of medical records. 
Patient survival follow-up was supplemented with data from 
the National Health Insurance.
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In the validation cohort, data were obtained from KOTRY, a 
nationwide registry of organ transplant recipients that col-
lects standardized clinical, laboratory, pathological, and fol-
low-up data from participating transplant centers. An anon-
ymized dataset was provided by the KOTRY after review and 
approval of a data-access request. Pathological diagnoses, in-
cluding CPR, were taken from each center’s pathology report. 
Registry data are entered by participating centers into iCRe-
aT (Internet-based Clinical Research and Trial management 
system), which is operated by the Korea Disease Control and 
Prevention Agency. The development and validation cohorts 
were independent because patients from the development 
center were excluded from the validation cohort.

Pretransplant LRTs and Pathological Assessment

Pretransplant LRTs, including TACE, RFA, external beam radio-
therapy, microwave ablation, transcatheter arterial radioemboli-
zation, and percutaneous ethanol injection, serve diverse roles, 
including curative intent, palliative tumor reduction, downstag-
ing, and evaluation of transplant eligibility, often in combina-
tion. Most patients in this study underwent multiple LRT ses-
sions before LT, following the national Korean guidelines [14].

CPR was defined as complete necrosis of the tumor tissue 
with no viable cancer cells detected in any sampled lesion. 
Consequently, the diagnosis of HCC was based solely on pre-
transplant imaging and tumor marker assessment due to the 
absence of viable tumor cells.

AFP–PIVKA-II Score Calculation

The AP score is a composite biomarker index calculated as 
the product of serum AFP concentration (ng/mL) and PIVKA-
II concentration (mAU/mL). To standardize this composite 
measure for clarity, a logarithmic transformation using base-
10 was used to yield the final AP score, expressed as log10 
(AFP × PIVKA-II) [12,13].

Statistical Analysis

Descriptive statistics for continuous variables are presented 
as medians with ranges or means ± standard deviations, de-
pending on the distribution of the data. Categorical or inci-
dence data were evaluated using the chi-Square test, while 
numeric continuous data were tested with either the paramet-
ric t test or the non-parametric Mann-Whitney U test, chosen 
based on whether the data followed a normal distribution. 
Two time-to-event endpoints were analyzed in both cohorts. 
Tumor recurrence was defined as imaging- and/or biopsy-con-
firmed HCC recurrence at any site after LDLT, and overall sur-
vival as death from any cause. For both endpoints, time was 
measured from the date of LDLT. Patients without the event 
were censored at the date of last follow-up or at the end of the 
follow-up window (April 2026 in the development cohort and 
December 2025 in the validation cohort). For tumor recurrence, 
patients who died without HCC recurrence were censored at 
the date of death; therefore, cumulative recurrence rates are 
1 minus the Kaplan-Meier estimate and do not treat death as 

Total LT cases of single-center development cohort
(January 2014 – December 2023)

Total LT cases of multi-center validation cohort
(April 2014 – December 2023)

DDLT LDLT

(n = 800) (n = 3,788)

HCC (+) HCC (-)

(n = 1,560) (n = 2,228)

HCC (+) HCC (-)

(n = 2,932) (n = 2,825)

Viable HCC CPR

CPR study group

Exclusion of
incomplete data cases

(n = 1,208) (n = 352)

(n = 313)

Viable HCC CPR

CPR study group

Exclusion of
incomplete data cases

(n = 2,396) (n = 536)

(n = 418)

(n = 4,592)

DDLT LDLT

(n = 1,625) (n = 5,757)

(n = 7,382)

A B

Figure 1. �Flow of patient selection for the single-center development (A) and multi-center validation (B) studies. 
Abbreviations: DDLT, deceased donor liver transplantation; LDLT, living donor liver transplantation; HCC, hepatocellular 
carcinoma; CPR, complete pathological response.
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a competing event. Survival curves were compared with the 
log-rank test. All tests were 2-sided, with P < 0.05 considered 
significant. Three candidate prognostic factors, all measured 
in the explanted liver or pretransplant samples, were entered 
into a separate univariate Cox proportional hazards model: (1) 
number of non-viable tumors, coded as multiple ( 2) vs sin-
gle (reference); (2) maximum diameter of non-viable tumors, 
coded as greater than 2 cm vs 2 cm or less (reference); and 
(3) AP score, calculated as log10 (AFP × PIVKA-II) from the last 
pretransplant measurements before LDLT and categorized in 
1.0-log intervals (reference = lowest category and analyzed 
as continuous per 1.0-log increase). Univariate Cox propor-
tional hazards analysis was used for calculation of hazard ra-
tios (HRs) with 95% confidence intervals (CIs). No multivari-
able model was fitted, and all HRs are unadjusted. Patients 
with missing pretransplant AFP or PIVKA-II were excluded, to 
perform complete-case analysis. The proportional-hazards as-
sumption was not formally tested; given the small number of 
events, HRs should be interpreted as average effects over fol-
low-up. All statistical analyses were performed using SPSS ver-
sion 22.0 (IBM Corp, Armonk, NY, USA) and MedCalc version 
23.4.5 (MedCalc Software Ltd, Ostend, Belgium).

Results

Patient Demographics of the Development Study

From the single-center LDLT database, 313 patients were se-
lected for inclusion in the study. A total of 380 LRT sessions 
were performed on these 313 patients. The median pretrans-
plant serum levels of AFP and PIVKA-II were 3.5 ng/mL (range, 
1.0-282.1 ng/mL) and 24 mAU/mL (range, 8-19 623 mAU/mL), 
respectively. Analysis of the explanted livers revealed single 
non-viable tumors in 242 patients (77.3%) and 2 or more (mul-
tiple) non-viable tumors in 71 patients (22.7%). The median 
size of the largest non-viable tumor was 1.8 cm, with a range 
of 0.3 to 6.8 cm. Further details regarding the patient charac-
teristics are summarized in Table 1.

Tumor Recurrence and Overall Patient Survival Outcomes 
After LDLT in the Development Study

Patients were monitored for a median duration of 65 months 
(range, 2-149 months) after LT. Of the 313 patients, only 13 
(4.2%) experienced HCC recurrence during the follow-up peri-
od. In total, 28 patients (8.9%) died from various causes, with 
8 deaths directly linked to HCC recurrence. The cumulative tu-
mor recurrence rates at 1, 3, 5, and 10 years after transplanta-
tion were 2.0%, 3.9%, 3.9%, and 4.5%, respectively (Figure 2A). 
The overall survival rates were 97.1%, 93.5%, 91.4%, and 89.2% 
at the same intervals (Figure 2B).

Prognostic Factor Analysis in the Development Study

Univariate analysis identified that the presence of multiple 
non-viable tumors was a significant risk factor for HCC recur-
rence (P = 0.001; Figure 3A), but a maximum diameter of non-
viable tumors exceeding 2 cm was not (P = 0.152; Figure 4A). 
No significant difference in tumor recurrence was noted based 
on AP scores with 1.0 log intervals (P = 0.383; Figure 5A). 
Regarding overall patient survival, the presence of multiple non-
viable tumors emerged as a significant risk factor (P = 0.021; 
Figure 3B), whereas the maximum size of non-viable tumors 
exceeding 2 cm did not yield significant associations with 
survival outcomes (P = 0.244; Figure 4B). There was no nota-
ble difference in overall patient survival related to AP scores 
(P = 0.402; Figure 5B). These findings indicate that multiplici-
ty of non-viable tumors was a significant risk factor for both 
tumor recurrence (HR = 9.83 [95% CI: 2.65-36.4]) and overall 
survival (HR = 2.91 [95% CI: 1.18-7.19]), while the maximum 
size of non-viable tumors and AP scores were not significant.

Patient Demographics of the Validation Study

From the multi-center database, 418 patients with HCC were 
selected for this validation study. A total of 482 LRT sessions 
were performed on these 418 patients. The median pre-
transplant serum concentrations of AFP and PIVKA-II were 
3.7 ng/mL (range, 0.6-441 ng/mL) and 22 mAU/mL (range, 
4-18,841 mAU/mL), respectively. Examination of the explanted 
livers indicated that 293 patients (70.1%) had single non-viable 
tumors, whereas 125 patients (29.9%) exhibited multiple non-
viable tumors. Further patient characteristics are presented in 
Table 1. Notably, patient demographics were largely compara-
ble between the development and validation cohorts, with dif-
ferences observed only in AFP expression levels and the prev-
alence of multiple non-viable tumors.

Tumor Recurrence and Overall Patient Survival Outcomes 
After LDLT in the Validation Study

Participants were followed up for a median of 59.5 months 
(range, 4-121 months) after LDLT. Of the 418 patients, 29 (6.9%) 
experienced HCC recurrence during follow-up. In total, 26 pa-
tients (6.2%) died from various causes, with 15 deaths attrib-
uted to HCC recurrence. At 1, 3, and 5 years following LDLT, cu-
mulative tumor recurrence rates were 3.4%, 5.6%, and 7.7%, 
respectively (Figure 6A), whereas overall survival rates were 
98.6%, 96.0%, and 93.5%, respectively (Figure 6B).

Prognostic Factor Analysis in the Validation Study

Univariate analysis of the validation cohort identified multi-
ple non-viable tumors as a significant predictor of tumor re-
currence (P = 0.026; Figure 7A). No significant differences in 

4

Kang W.-H. et al: 
Posttransplant prognosis of CPR of HCC

© Ann Transplant, 2026; 31: e954574
ORIGINAL PAPER

Indexed in:  [Science Citation Index Expanded]  [Index Medicus/MEDLINE] 
[Chemical Abstracts]  [Scopus]

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



Cohort Development cohort Validation cohort

P valueParameters Values Values

Case No. 313 418

Age (yrs) (Mean ± SD) 55.8 ± 7.1 56.9 ± 7.6 0.056*

Sex (Male/Female) (n) 258 / 55 330 / 88 0.240

Background liver disease (n) 0.623

	 HBV 253 323

	 HCV 13 25

	 ALD 28 43

	 Others 19 27

Preoperative blood laboratory profiles (Mean±SD)

	 Albumin (g/dL) 3.6 ± 0.8 3.5 ± 0.6 0.334*

	 AST (IU/L) 55.3 ± 28.4 NA NA

	 ALT (IU/L) 31.2 ± 27.3 NA NA

	 Total bilirubin (mg/dL) 4.9 ± 8.2 1.6 ± 3.6 0.167*

	 Platelet count (103/μL) 82.4 ± 52.4 NA NA

	 Prothrombin time (INR) 1.56 ± 0.98 1.23 ± 0.29 0.153*

AFP (ng/mL) shortly before transplantation 0.013**

	 Mean ± SD 43.8 ± 256.6 12.2 ± 40.2

	 Median (range) 4.5 (0.2-3,630) 3.7 (0.6-441)

	  7.5 / > 7.5 ng/mL (n) 232 / 116 323 / 95

PIVKA-II (mAU/mL) shortly before transplantation 0.153**

	 Mean ± SD 199.3 ± 1499.3 160.1 ± 1270.4

	 Median (range) 25 (8-19,623) 22 (4-18,841)

	  40 / > 40 mAU/m (n) 269 / 79 328 / 90

MELD score (Mean ± SD) 11.3 ± 5.9 10.6 ± 4.6 0.056*

Pretransplant locoregional treatments 0.865

	 TACE 280 343

	 RFA 68 96

	 EBRT 24 33

	 Others 8 10

Maximum non-viable tumor size (cm)   NA

	 Mean ± SD 2.1 ± 1.1 NA

	 Median (range) 1.8 (0.3-6.8) NA

Table 1. �Clinicopathological features of living donor liver transplant recipients with hepatocellular carcinoma who achieved complete 
pathological responses in response to pretransplant locoregional treatments.
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Table 1 continued. �Clinicopathological features of living donor liver transplant recipients with hepatocellular carcinoma who achieved 
complete pathological responses in response to pretransplant locoregional treatments.

Cohort Development cohort Validation cohort

P valueParameters Values Values

Case No. 313 418

Non-viable tumor number (n) 0.029

	 Single 242 293

	 Multiple ( 2) 71 125

ABO incompatible LDLT (n) 51 57 0.316

Type of transplantation (n) 0.056

	 Living right liver graft 304 406

	 Living left liver graft 2 9

	 Living dual liver graft 7 3

GRWR 1.08 ± 0.27 1.04 ± 0.33 0.091

Abbreviations: SD, standard deviation; NA, not available; HBV, hepatitis B virus; HCV, hepatitis C virus; ALD, alcoholic liver disease; 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalization ratio; AFP, a-fetoprotein; 
PIVKA-II, proteins induced by vitamin K antagonist or absence-II; MELD, model for end-stage liver disease; TACE, transcatheter arterial 
chemoembolization; RFA, radiofrequency ablation; EBRT, external beam radiotherapy; GRWR, graft-to-recipient weight ratio.
Data are presented as mean ± SD or median (range). Categorical or incidence data are compared using the chi-square test. Numeric 
continuous data are tested with the t test (*) or the Mann-Whitney U test (**), depending on data distribution. Other pretransplant 
locoregional treatments included transcatheter arterial radioembolization and percutaneous ethanol injection. Microwave ablation was 
included in RFA.

0.5

0.4

0.3

0.2

0.1

0.0

0 1 2 3 4 5 6
Posttransplant years

7 8 9 10 11 12 13 0 1 2 3 4 5 6
Posttransplant years

7 8 9 10 11 12 13

Pr
op

or
tio

ns
 of

 re
cu

rre
nc

e

1.0

0.9

0.8

0.7

0.6

0.5

Pr
op

or
tio

ns
 of

 rs
ur

viv
al

A B

Figure 2. �Kaplan-Meier survival analysis depicting posttransplant tumor recurrence (A) and overall survival (B) among living donor 
liver transplant recipients who exhibited complete pathological response of hepatocellular carcinoma following various 
locoregional treatments. Data are from the single-center development cohort.
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tumor recurrence were found regarding AP scores with 1.0 log 
intervals (P = 0.551; Figure 8A). In terms of overall survival, the 
presence of multiple non-viable tumors was again a signifi-
cant risk factor (P = 0.017; Figure 7B), whereas AP scores were 
not significant (P = 0.357; Figure 8B). The validation study con-
firmed that the multiplicity of non-viable tumors was a signifi-
cant risk factor for both tumor recurrence (HR = 2.47 [95% CI: 
1.11-5.49]) and overall survival (HR = 2.82 [95% CI: 1.20-6.58]), 
but AP scores were not significant in this analysis.

Discussion

CPR resulting from various LRTs is a well-established prognos-
tic indicator in patients with HCC [2,4,5,8]. In the present study, 

those who achieved LRT-induced CPR exhibited significantly 
reduced recurrence rates and impressive long-term survival, 
outcomes comparable to those of LT recipients who met the 
rigorous super-selection criteria [11,15]. The real-world prog-
nostic effect of CPR was identified in a high-volume single-cen-
ter cohort and confirmed through an external validating anal-
ysis using the multi-center database, a nationwide resource 
for organ transplantation in South Korea.

The incidence of CPR following LRTs varies widely among pa-
tients. Owing to the heterogeneous responses to TACE, many 
patients with HCC undergo multiple treatment sessions to op-
timize outcomes and address new lesions. Prior research in-
dicated that 31.6% of patients attained CPR after an average 
of 2.2 TACE procedures [11]. Another study involving 67 LT 
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Figure 3. �Kaplan-Meier survival analysis illustrating posttransplant tumor recurrence (A) and overall survival (B) in living donor liver 
transplant recipients with complete pathological response of hepatocellular carcinoma stratified by the number of non-viable 
tumors. Data are drawn from the single-center development cohort.
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Figure 4. �Kaplan-Meier survival analysis of posttransplant tumor recurrence (A) and overall survival (B) in living donor liver transplant 
recipients with complete pathological response of hepatocellular carcinoma based on the maximum size of non-viable 
tumors. Data are sourced from the single-center development cohort.
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recipients with HCC tumors under 5 cm revealed that 44 pa-
tients (65.7%) achieved complete radiological responses, with 
CPR confirmed in 53 of 95 nodules (55.8%) displaying complete 
radiological resolution [16]. Although LRTs, such as TACE and 
RFA, can produce complete radiological responses, many pa-
tients still require LT due to advanced liver cirrhosis. Achieving 
a complete radiological response and normalizing tumor mark-
ers after LRT may defer LT for selected patients with small tu-
mors and well-preserved liver function [17,18].

Addressing tumor recurrence after LDLT remains a pivotal 
challenge, as effective therapies for recurrence are still lack-
ing. LRTs serve various roles, including curative intent, tumor 

downstaging, and assessment of tumor biology to determine 
the candidacy for LDLT. Several studies suggest that pretrans-
plant LRT, which is primarily conducted for downstaging rath-
er than as a definitive therapy, often has only modest prog-
nostic significance [19-22]. Nonetheless, CPR is considered as 
a reliable surrogate for substantial tumor cell eradication, po-
tentially lowering the risk of HCC recurrence after LT [9,10].

Our prior findings indicated that tumor recurrence rates were 
particularly low among LT recipients who fulfilled the super-
selection criteria, which aligns with rates seen in patients 
achieving CPR [15,23,24].
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Figure 5. �Kaplan-Meier survival analysis assessing posttransplant tumor recurrence (A) and overall survival (B) in living donor liver 
transplant recipients with complete pathological response of hepatocellular carcinoma according to the AP score. The AP 
score is defined as log10 (AFP × PIVKA-II), where AFP = a-fetoprotein (ng/mL) and PIVKA-II = protein induced by vitamin K 
antagonist-II (mAU/mL). Data are from the single-center development cohort. P values were calculated using the log-rank 
test.
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Figure 6. �Kaplan-Meier survival analysis of posttransplant tumor recurrence (A) and overall survival (B) in living donor liver transplant 
recipients with complete pathological response of hepatocellular carcinoma following various locoregional treatments in the 
multi-center validation cohort. Data are sourced from the multicenter validation cohort.
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Figure 7. �Kaplan-Meier survival analysis depicting posttransplant tumor recurrence (A) and overall survival (B) in living donor liver 
transplant recipients with complete pathological response of hepatocellular carcinoma categorized by the number of non-
viable tumors in the multi-center validation cohort. Data are gathered from the multicenter validation cohort.
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Figure 8. �Kaplan-Meier survival analysis assessing posttransplant tumor recurrence (A) and overall survival (B) in living donor liver 
transplant recipients with complete pathological response of hepatocellular carcinoma based on the AP score. The AP score 
is defined as log10 (AFP × PIVKA-II), where AFP = a-fetoprotein (ng/mL) and PIVKA-II = protein induced by vitamin K antagonist-
II (mAU/mL). Data originate from the multicenter validation cohort. P values were calculated using the log-rank test.

CPR signifies the thorough elimination of viable HCC cells af-
ter LT, suggesting that patients with CPR may have an onco-
logic burden comparable to that of patients with very early-
stage HCC. Our previous single-center investigation identified 
the presence of multiple non-viable lesions and the maximum 
diameter of non-viable tumors exceeding 2 cm as independent 
predictors of post-transplant recurrence and overall survival. 
The study indicated that patients achieving CPR can be strat-
ified into high-risk (with multiple non-viable tumors > 2 cm) 
and low-risk categories [25].

Conversely, the present study indicated that only the multi-
plicity of non-viable HCC tumors correlated with elevated re-
currence and decreased survival rates. This association was 

validated in the present analysis. The number of non-viable 
lesions is consistently detailed in pathology reports from ex-
planted livers, allowing transplant surgeons to accurately as-
sess the prognostic effect of non-viable tumors. Therefore, we 
propose that the quantity of non-viable HCC lesions be con-
sidered the primary prognostic factor, and the levels of AFP 
and PIVKA-II do not need to be considered for this purpose.

Previous evaluations of pretransplant HCC tumor marker lev-
els demonstrated that among 166 LT recipients achieving CPR, 
the median serum AFP and PIVKA-II levels were 4.2 ng/mL and 
20 mAU/mL, respectively, which was comparable to the lev-
els in control groups without HCC [26]. However, receiver op-
erating characteristic curve analyses failed to yield definitive 
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cutoff values differentiating HCC patients who achieved CPR 
from those without HCC. These findings suggest that normal-
ization of AFP and PIVKA-II levels may indicate CPR, although 
elevated levels persisted in some patients who achieved CPR. 
The variability in AFP and PIVKA-II expression among patients 
undergoing LT complicates prognostic assessments, particular-
ly in those with advanced liver cirrhosis [27,28].

In patients with CPR, levels of AFP and PIVKA-II likely decrease 
to values similar to those without HCC, diminishing their prog-
nostic relevance after LT. Previous receiver operating charac-
teristic curve analyses have reinforced that no firm cutoff val-
ues can reliably distinguish between patients with CPR and 
those without HCC [26]. While the AP score has been recog-
nized as a promising predictive tool following hepatic resec-
tion and LT, our findings indicate that it did not correlate with 
prognosis among LDLT recipients who achieved CPR [12,13].

This study had several limitations. The retrospective nature 
of this study, conducted in a region where hepatitis B virus 
infection is prevalent, may restrict the generalizability of the 
results. The diagnostic significance of CPR warrants further 

validation in diverse geographic and etiology-based contexts 
as well as in deceased donor liver transplantation. The retro-
spective cohort design had limitations to establish a causal 
effect of tumor multiplicity or other evaluated factors on re-
currence or survival outcomes. Moreover, our study exclusive-
ly focused on patients who achieved CPR without contrasting 
them with those who did not.

Conclusions

This study demonstrates that LDLT recipients exhibiting LRT-
induced CPR with multiple non-viable tumors constitute a 
high-risk subgroup and may require intensive posttransplant 
surveillance, although CPR is a predictor of favorable post-
transplant prognosis.
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