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Prognostic impact of serum soluble PD-1 and ADV score 
for living donor liver transplantation in patients with 
previously untreated hepatocellular carcinoma
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INTRODUCTION
Hepatocellular carcinoma (HCC) is an indication for liver 

transplantation (LT), especially for living donor LT (LDLT). 
However, HCC recurrence following LT often results in inferior 
outcomes. Thus, patients who are candidates for LT have been 

carefully selected to minimize the risk of posttransplant tumor 
recurrence. Various selection criteria of LT for HCC have been 
proposed [1-7], but most of them have yes-or-no dual concepts, 
placing many LT candidates in the gray zone for each selection 
criterion. Additional prognostic biomarkers are therefore 
necessary to reliably predict posttransplant tumor recurrence. 
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Purpose: The programmed death protein 1 (PD-1) pathway is the critical mechanism in development of hepatocellular 
carcinoma (HCC). The present study analyzed the prognostic impact of pretransplant serum soluble PD-1 (sPD-1) 
concentration and α-FP–des-γ-carboxyprothrombin–tumor volume (ADV) score in patients with previously untreated HCC 
undergone liver transplantation (LT).
Methods: This retrospective single-center study enrolled 100 patients with HCC who underwent living donor LT from 2010 
to 2016. Concentrations of sPD-1 were measured in stored serum samples.
Results: Receiver operating characteristic curve analysis of 2-year tumor recurrence resulted in an sPD-1 cutoff of 177.1 
µg/mL, which was associated with higher rates of tumor recurrence (P = 0.022), but not with overall patient survival (P = 
0.460). The derived cutoff for pretransplant ADV score was 5.4log, which was associated with higher tumor recurrence rate 
(P < 0.001) and lower overall patient survival rate (P < 0.001). Both sPD-1 of >177.1 µg/mL (hazard ratio [HR], 2.26; P = 
0.020) and pretransplant ADV score of >5.4log (HR, 3.56; P < 0.001) were independent risk factors for posttransplant HCC 
recurrence. The combination of these 2 factors enabled the stratification of patients into 3 groups, with groups having 0, 1, 
and 2 risk factors differing significantly in the prognosis of tumor recurrence (P < 0.001) and overall patient survival (P = 
0.006).
Conclusion: Both sPD-1 concentration and ADV score have prognostic impacts in patients who underwent LT for untreated 
HCCs. These factors, both individually and combined, can help in predicting posttransplant prognosis.
[Ann Surg Treat Res 2022;102(1):46-54]
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We developed a quantifiable prognostic prediction model of 
an integrated scoring system derived by multiplying α-FP 
concentration, concentration of des-γ-carboxyprothrombin level 
(DCP) or proteins induced by vitamin K antagonists or absence-
II (PIVKA-II), and tumor volume (TV), yielding the α-FP-DCP-TV 
or simply ADV, score [5-10].

Cancer immune suppression and immune escape play 
essential roles in tumor progression. Activation of the 
programmed death protein 1 (PD-1) pathway is involved in 
tumor evasion, inhibiting T-cell proliferation, inducing T-cell 
exhaustion, and enhancing the activity of regulatory T cells 
[11]. Two types of PD-1 have been identified, membrane-
bound PD-1 and soluble PD-1 (sPD-1). Most studies of PD-1 have 
involved membrane-bound PD-1 in tumor tissue, with fewer 
studies investigating the role of sPD-1 in peripheral blood. 
The prognostic impact of sPD-1 concentration in HCC remains 
unclear to date [12-14], although we previously reported that 
sPD-1 did not have a significant prognostic impact in HCC 
patients undergoing LT [15]. 

Preoperative or pretransplant treatment for HCC can alter 
tumor biology, affecting patient prognosis following hepatic 
resection or LT. It is therefore necessary to evaluate the tumor 
biology in patients with untreated HCC. The present study 
therefore analyzed the prognostic impact of pretransplant sPD-1 
concentration and ADV score in patients who underwent LDLT 
for previously untreated HCC.

METHODS

Study design and patient selection
This ret rospect ive,  sing le - center study assessed 

posttransplant prognosis in patients with HCC. Its primary 
purpose was to analyze the risk of posttransplant tumor 
recurrence in patients with untreated HCC. The secondary 
purpose was to establish a prognostic prediction model for 
posttransplant tumor recurrence.

The LT database of the Asan Medical Center was searched 
to identify adult patients with untreated HCC who underwent 
LDLT during the 7-year period from January 2010 to December 
2016. Patients were excluded if they received any HCC 
treatment before LT, if HCC was incidentally detected in the 
explanted livers, if they died within 3 months after LT, or if 
their peripheral blood samples had not been stored at the Bio-
Resource Center of the Asan Medical Center. The 100 patients 
selected for this study were followed up to determine tumor 
recurrence and patient survival until August 2020 or patient 
death through review of institutional medical records and with 
assistance from the National Health Insurance Service in Korea. 
The institutional protocols for immunosuppressive regiments, 
posttransplant follow-up, and treatment of HCC recurrence 
have been described elsewhere [5-9].

The study protocol was approved by the Institutional Review 
Board of the Asan Medical Center (No. 2019-0599), which 
waived the requirement for informed consent due to the 
retrospective nature of this study. This study was performed 
in accordance with the ethical guidelines of the World Medical 
Association Declaration of Helsinki 2013.

Serum sPD-1 assays
sPD-1 concentrations were measured using commercially 

available ELISA kits (Boster Biological Technology, Pleasanton, 
CA, USA). Each serum sample was diluted 5-fold with the 
sample diluent. The quality of sPD-1 was analyzed in test 
samples, blank samples, and standard controls. Subsequently, 
50 μL aliquots of each standard control or sample were added to 
wells of microtiter plates in triplicate, followed by the addition 
of 100 μL of horseradish peroxidase-conjugated antibody to 
each well, except for the blank wells. The wells were covered 
with adhesive strips and incubated for 1 hour at 37°C. After 
washing the microtiter plate 5 times, 50 μL of substrate A and 
50 μL of substrate B were added to each well. The samples were 
gently mixed and incubated in the dark for 15 minutes at 37°C. 
Finally, 50 μL of stop solution was added to each well, and the 
plates were analyzed spectrophotometrically at 450 nm using 
a Victor X3 Plate Reader (Bio-Rad Laboratories, Hercules, CA, 
USA). A standard curve was generated by plotting the average 
optical density of 450 nm. The details of these assays were 
described elsewhere [15].

Calculation of ADV scores
ADV scores were calculated by multiplying α-FP (ng/mL) 

concentration, DCP (mAU/mL) concentration, and TV (mL), 
expressed on a logarithmic scale (log10, simply log) [5-10]. 
Total TV in patients with multiple tumors was calculated by 
multiplying the volume of the largest tumor by the number of 
tumors. α-FP and DCP concentrations were measured within 
2 weeks prior to LDLT. Pretransplant and posttransplant ADV 
scores were calculated using pretransplant imaging study-based 
TV and pathology report-based TV, respectively.

Statistical analysis
Numerical data were presented as the mean and standard 

deviation or median and range. Continuous variables were 
compared using the Student t-test or Mann-Whitney U-test 
depending on the distribution pattern, and incidence variables 
were compared using the chi-square test. The cutoffs of sPD-
1 concentration and ADV score for predicting posttransplant 
HCC recurrence were determined using receiver operating 
characteristic (ROC) curve analysis, with the optimal cutoff, 
sensitivity, and specificity determined using the Youden index. 
Tumor recurrence and overall patient survival rates were 
generated using the Kaplan-Meier method and compared using 
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log-rank tests. Cox proportional hazard regression was used for 
multivariate analysis, with the results presented as hazard ratio 
(HR) with 95% confidence interval (CI). A P-value of <0.05 was 
regarded as statistically significant. All statistical analyses were 
performed using IBM SPSS ver. 22 (IBM Corp., New York, NY, 
USA) and MedCalc ver. 20.010 (MedCalc, Ostend, Belgium).

RESULTS

Patient demographics
The clinicopathological features of the 100 study patients 

are summarized in Table 1. The primary diagnoses of the 
background liver disease included HBV infection in 86 patients, 
HCV infection in 6, alcoholic liver diseases in 6, and others in 2.

Patients were stratified into 2 groups, based on HCC 
recurrence within 2 years after LT (Table 1). Groups of patients 
with and without HCC recurrence within 2 years showed 

significant differences in pretransplant maximal tumor 
diameter (P = 0.045), pretransplant total TV (P = 0.023), 
pretransplant ADV score (P = 0.048), explant tumor number 
(P = 0.039), explant maximal tumor diameter (P = 0.001), 
explant total TV (P = 0.001), explant ADV score (P = 0.015), 
microvascular invasion (P < 0.001), and proportion of patients 
within the Milan criteria (P = 0.019).

Pretransplant serum sPD-1 concentration and HCC 
recurrence
The concentrations of serum sPD-1 are presented in 

Fig. 1. The mean and median pretransplant serum sPD-1 
concentrations were 216.8 ± 332.7 μg/mL and 151.3 μg/mL 
(range, 18.2–1,864.8 μg/mL), respectively in patients with tumor 
recurrence within 2 years, and 127.6 ± 172.2 μg/mL and 88.3 
μg/mL (range, 15.9–1,404.6 μg/mL) in patients who did not 
experience tumor recurrence within 2 years (P = 0.028).

Table 1. Clinicopathological features of the study patients

Characteristic All patients
HCC recurrence within 2 years

P-value
Yes No

No. of patients 100 31 69
Age (yr) 53.8 ± 5.2 52.7 ± 5.2 54.3 ± 5.2 0.148
Sex, male:female 85:15 27:4 58:11 0.694
Background liver disease

HBV infection 86 (86.0) 26 (83.9) 60 (87.0) 0.681
HCV infection 6 (6.0) 3 (9.7) 3 (4.3)
Alcoholic liver disease 6 (5.0) 1 (3.2) 5 (7.3)
Others 2 (2.0) 1 (3.2) 1 (1.4)

MELD score 13.8 ± 6.9 14.7 ± 8.3 13.4 ± 6.2 0.392
α-FP (ng/mL) 22.6 (1.2–42,200) 24.5 (1.2–42,200) 24.7 (1.2–1,590) 0.843
DCP (mAU/mL) 38 (9–3,529) 59 (9–3,529) 36 (9–1,445) 0.187
Pretransplant imaging finding

No. of tumors 1 (1–12) 1 (1–12) 1 (1–6) 0.143
Maximal tumor diameter (cm) 2.8 (0.5–10.0) 3.0 (1.0–10.0) 2.8 (0.5–6.0) 0.045
Total tumor volume (mL) 14.6 (1.0–400) 20.7 (1.1–400) 16.7 (1.0–108) 0.023

Pretransplant ADV score 3.8 (1.4–8.6) 4.2 (1.5–8.6) 3.7 (1.4–6.6) 0.048
Explant pathology

Tumor number 1 (1–17) 1 (1–17) 1 (1–7) 0.039
Maximal tumor diameter (cm) 2.6 (0.4–9.4) 3.3 (1.0–9.4) 2.4 (0.4–6.0) 0.001
Total tumor volume (mL) 22.4 (0.5–707) 34.5 (1.0–707) 14.5 (0.5–339) 0.001
Macrovascular invasion 5 (5.0) 2 (6.5) 3 (4.3) 0.644
Microvascular invasion 27 (27.0) 18 (58.1) 9 (13.0) <0.001

Explant ADV score 4.3 (1.5–9.3) 4.9 (1.5–9.3) 4.0 (2.0–7.2) 0.015
Within Milan criteria 68 (68.0) 16 (51.6) 52 (75.4) 0.019
ABO-incompatible transplantation 16 (16.0) 5 (16.1) 11 (15.9) 0.981
Graft-recipient weight ratio 1.09 ± 0.20 1.10 ± 0.17 1.09 ± 0.21 0.885
Graft type 0.267

Right liver graft 91 (91.0) 30 (96.8) 61 (88.4)
Left liver graft 1 (1.0) 1 (3.2) 0 (0)
Dual grafts 8 (8.0) 0 (0) 8 (11.6)

Values are presented as number only, mean ± standard deviation, number (%), or median (range).
MELD score, model for end-stage liver disease score; DCP, des-γ-carboxyprothrombin; ADV, α-FP–DCP–tumor volume.
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ROC curve analysis of serum sPD-1 concentration for 2-year 
tumor recurrence showed that the area under the curve (AUC) 
was 0.637 (95% CI, 0.535–0.731; P = 0.028) (Fig. 2). The Youden 
index J was 0.278 (95% CI, 0.116–0.418) at an sPD-1 cutoff 
of 177.1 μg/mL, which showed a sensitivity of 45.2% and a 
specificity of 82.6%.

Tumor recurrence rates were significantly higher in the 28 
patients with serum sPD-1 of >177.1 μg/mL than in the 72 
patients with serum sPD-1 of ≤177.1 μg/mL (P = 0.022) (Fig. 
3A). By contrast, overall patient survival rates did not differ 
significantly in these 2 groups of patients (P = 0.460) (Fig. 3B).

Pretransplant ADV score and HCC recurrence
ROC curve analysis of pretransplant ADV score for 2-year 

tumor recurrence showed that the AUC was 0.613 (95% CI, 
0.510–0.709; P = 0.102) (Fig. 2). The Youden index J was 0.332 
(95% CI, 0.189–0.521) at an ADV score cutoff of 5.4log, which 

showed a sensitivity of 41.9% and a specificity of 91.3%.
Tumor recurrence rates were significantly higher (P < 0.001) 

and overall patient survival rates were significantly lower (P 
< 0.001) in the 21 patients with pretransplant ADV score of 
>5.4log than in the 79 patients with pretransplant ADV score of 
≤5.4log (Fig. 4).

Explant ADV score and HCC recurrence
ROC curve analysis of explant ADV score for 2-year tumor 

recurrence showed that the AUC was 0.652 (95% CI, 0.550–0.745; 
P = 0.020) (Fig. 2). The Youden index J was 0.350 (95% CI, 
0.185–0.526) at an ADV score cutoff of 5.9log, which showed a 
sensitivity of 45.2% and a specificity of 89.9%.

Tumor recurrence rates were significantly higher (P < 0.001) 
and patient overall survival rates significantly lower (P < 0.001) 
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in the 22 patients with explant ADV score of >5.9log than in 
the 78 patients with explant ADV score of ≤5.9log (n = 78, 
78.0%) (Fig. 5).

Prognostic prediction using a combination of 
serum sPD-1 and pretransplant ADV score
There was a close correlation between pretransplant and 

explant ADV scores (Spearman rho = 0.974; 95% CI, 0.922–
0.964), and these 2 ADV scores were closely associated with 
both posttransplant tumor recurrence and overall patient 
survival. We, therefore, selected pretransplant ADV score for 
inclusion in a prognostic prediction model for posttransplant 
HCC recurrence.

Because sPD-1 of >177.1 μg/mL and pretransplant ADV score 
of >5.4log were independent risk factors for posttransplant 
HCC recurrence (Table 2), these factors were combined to 
stratify patients into 3 groups based on the number of risk 
factors. The 5-year tumor recurrence rates in subgroups with 0, 
1, and 2 risk factors were 17.6%, 47.1%, and 85.3%, respectively 
(P < 0.001) (Fig. 6A). The 5-year overall patient survival rates in 
subgroups with 0, 1, and 2 risk factors were 91.2%, 75.7%, and 
66.7%, respectively (P = 0.006) (Fig. 6B).

DISCUSSION
Reliable prediction of posttransplant prognosis in patients 

who underwent LT for HCC is difficult because tumor burden 
at the time of LT and tumor biology vary widely and because 
LT recipients receive lifelong immunosuppression. To avoid 
HCC recurrence following LT, various patient selection criteria 
have been proposed [1-7,16]. These criteria are usually based on 
radiologic findings, such as tumor size and number, with some 
of these criteria including biological components such as α-FP 
and PIVKA-II concentrations. ADV score integrates the tumor 
size, tumor number, and α-FP and PIVKA-II concentrations for 
quantitative prediction of HCC recurrence [5].

However, the predictive power of currently available selection 
criteria is often limited because most of these criteria do not 
include biologic components of HCC. In the present study, 
serum sPD-1 concentration served as the biologic component 
of tumor. However, our previous study in 229 patients 
who underwent LT found that sPD-1 concentration did not 
demonstrate a prognostic impact [15]. In that study, 67.2% of 
study patients had undergone treatment for HCC before LT 
and only 32.8% had not received treatment for HCC prior to LT 
[15]. Because differences in tumor responses to treatment may 
have diluted the prognostic impact of sPD-1, the present study 
included only patients who had not received treatment for HCC 
prior to LT.

Cancer immune suppression and immune escape may play 
critical roles in the progression of malignant tumors. Activation 
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of the PD-1 pathway is involved in tumor evasion, inhibiting 
T-cell proliferation, inducing T-cell exhaustion, and enhancing 
the activity of regulatory T cells [11]. During the process of 
HCC tumorigenesis, the immune surveillance mechanism 
is impaired by involvement of the PD-1/programmed death-
ligand 1 (PD-L1) signaling pathways [16]. Expression of PD-1 
in CD8+ T cells is higher in patients with than without HCC 
[17], with aggressive tumor progression being related to the 
high frequencies of both circulating and tumor-infiltrating PD-
1+ CD8+ T cells [18]. High PD-1 expression in HCC tissue has 
been associated with aggressive tumor features, with PD-1 
expression in HCC tissue closely correlating with the number of 
CD8+ T cells in peripheral blood [19]. PD-1 and PD-L1 mediate 
immunosuppression within the tumor microenvironment, 
suggesting that the levels of PD-1/PD-L1 expression may act as 
biomarkers for disease progression and patient survival [20].

Immunoregulatory pathways include costimulatory 
molecules present in both membrane-bound and soluble 
forms. Proteolytic cleavage of the membrane-bound form of 
a costimulatory protein in tissues releases the soluble form 
into the bloodstream. The soluble forms of PD-1/PD-L1 are 
produced through this process. The associations between PD-1/
PD-L1 expression and postresection prognosis of patients with 
HCC remain unclear [12-14]. The association between sPD-1 
expression and prognosis in patients with HCC also remains 
unclear because few studies have assessed the correlations [12-
14].

No reliable prognostic cutoff of serum sPD-1 for HCC has been 
determined to date. Our previous study found that an sPD-1 
cutoff of 300 μg/mL had a marginal impact on posttransplant 
tumor recurrence, whereas a cutoff of 93.6 μg/mL was not 
prognostic [15]. By contrast, the present study revealed that a 
serum sPD-1 cutoff of 177.1 μg/mL had a significant prognostic 
impact on posttransplant tumor recurrence. These 2 studies 
differed in that the present studies excluded patients previously 
treated for HCCs, had a slightly longer follow-up period, and 
included an additional number of patients with untreated 
HCCs. Thus, taken together, these studies suggest that HCC 
biology associated with sPD-1 expression is greatly influenced 
by responses to treatment. To our knowledge, this is the first 
study to show that pretransplant serum sPD-1 concentration is 
closely associated with HCC recurrence following LT.

ADV score is a quantitative prognostic parameter reflecting 
the tumor biology of HCC, with prognostic impact in patients 
who underwent hepatic resection or LT [5-10,21]. In the present 
study, a pretransplant ADV score cutoff of 5.4log was a reliable 
predictor of posttransplant HCC recurrence and overall patient 
survival.

Because multivariate analyses revealed that sPD-1 of 
>177.1 μg/mL and pretransplant ADV score of >5.4log were 
independent prognostic factors for HCC recurrence, we 

combined these 2 factors to create a new prognostic model. 
Patients with both these factors considered high-risk, with 
a 5-year tumor recurrence rate of 85.3% and a 5-year overall 
survival rate of 66.7%. Patients with only one of these factors 
were considered medium-risk with a 5-year tumor recurrence 
rate of 47.1% and a 5-year overall survival rate of 75.7%. Patients 
lacking both of these factors were considered low-risk with 
a 5-year tumor recurrence rate of 17.6% and a 5-year overall 
survival rate of 91.2%. Because these 2 parameters can be 
evaluated before LT, this combined risk model may be useful 
in identifying LT candidates at higher risk and lower risk of 
posttransplant HCC recurrence.

The present study had several limitations. This was a 
retrospective, single-center study with a relatively small sample 
size. Most HCCs developed in HBV-infected livers. The results 
of the present study were valid only in patients untreated for 
HCCs, not in those treated for HCC before LT.

In conclusion, the results of the present study revealed 
that both pretransplant sPD-1 concentration and ADV score 
have prognostic impact in patients who underwent LT for 
untreated HCCs. Therefore, each of these parameters as well as 
their combination can be helpful in predicting posttransplant 
prognosis. Additional high-volume, multicenter studies are 
necessary to validate the role of serum sPD-1 in LT recipients.
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