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Abstract: Background: Machine perfusion may be able to mitigate ischemia-reperfusion injury (IRI),
which increases hepatocellular carcinoma (HCC) recurrence after liver transplantation (LT). This
study aimed to investigate the impact of dual-hypothermic oxygenated machine perfusion (D-
HOPE) on HCC recurrence in LT. Methods: A single-center retrospective study was conducted from
2016 to 2020. Pre- and postoperative data of HCC patients undergoing LT were analyzed. Recipients
of a D-HOPE-treated graft were compared to those of livers preserved using static cold storage

(5CS). The primary endpoint was recurrence-free survival (RFS). Results: Of 326 patients, 246
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy,
accounting for approximately 80-90% of all liver cancers [1]. Despite advances in liver
resection surgery, liver transplantation (LT), chemotherapy, and locoregional therapies,
distributed under the terms and  the overall prognosis of HCC remains poor, with overall recurrence rates ranging from
conditions of the Creative Commons  90% t0 70% within 5 years after initial treatment [1]. LT remains the best curative option
Attribution  (CC BY) license  for patients affected by HCC, addressing both the tumor and the underlying chronic liver
(https://creativecommons.org/license  disease. The use of the Milan criteria (MC) to determine eligibility for LT in HCC patients
s/by/4.0)). first led to a significant improvement in survival rates of LT for HCC [2]. More recently,
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scores incorporating alpha fetoprotein (AFP) levels as a surrogate of tumor biology have
been proposed to better assess patients eligibility for LT [3-8].

Due to donor shortage, organs from extended criteria donors (ECD) are being
increasingly utilized and are most frequently allocated to patients with HCC with normal
hepatic function. ECD definition is broad [9] but mostly includes donation after
circulatory death (DCD), elderly donors, or liver grafts with significant macrovesicular
steatosis. Although the use of ECD allows expanding donor pool, these organs have
inferior tolerance to ischemia/reperfusion injury (IRI) [10]. In animal experiments, IRI has
been strongly associated with tumor recurrence, as it establishes a local microenvironment
that supports tumor cell invasion, migration, and growth [11-30].

Machine perfusion techniques have been reintroduced in clinical practice to improve
graft preservation, extend preservation time, and allow viability assessment [31-42].
Among machine perfusion modalities, hypothermic oxygenated perfusion (HOPE) has
been shown to mitigate IRI in ECD grafts and to improve postoperative outcomes
[40,41,43-53].

By mitigating IRI, HOPE could potentially reduce the risk of HCC recurrence linked
to ECD utilization [54]. However, the clinical evidence supporting this hypothesis is
limited to one retrospective study [55], stressing the need for additional research. Thus,
the aim of this single-center study was to investigate the impact of dual-HOPE (D-HOPE)
on HCC recurrence after LT.

2. Materials and Methods
2.1. Study Popolation and Design

We conducted a single-center retrospective cohort study including adult (age > 18)
patients with HCC who underwent deceased donor LT at our center between January 2016
and December 2020, to compare HCC recurrence according to the preservation method
(5CS versus D-HOPE). The study was conducted according to the principles of the
Helsinki and Istanbul declarations and was approved by the ethics committee of our
institution. The study period was decided to allow for a minimum follow-up of 2 years
after LT. Patients who died intraoperatively, with other tumor types at explant pathology
(e.g., incidental cholangiocarcinoma or hepatocholangiocarcinoma) or no residual HCC
in the absence of pre-LT downstaging were excluded. Patients receiving a liver treated
with perfusion techniques other than D-HOPE were also excluded. The primary endpoint
was recurrence-free survival. Secondary endpoints were measures of postoperative
outcomes, surgical complications, and incidence of biopsy-proven acute cellular rejection.
Outcome measures included peak transaminase levels, early allograft dysfunction (EAD)
rate, acute kidney injury (AKI) rate and severity, hospital and ICU stay, and postoperative
complications including biliary and anastomotic complications. EAD and AKI were
defined according to Olthoff et al. [56] and KDIGO guidelines [57], respectively. Liver
graft assessment following transplantation score (L-GrAFT) was used as a measure of
post-LT graft function [58]. Postoperative complications were graded using the Clavien-
Dindo classification [59], which was also used to calculate the comprehensive
complication index (CCI) [60]. Histological preservation injury was assessed on time-0
biopsies, which were systematically obtained at the end of LT operation [61]. Biliary
complications [62] were diagnosed based on the 3-month cholangiogram obtained before
T-tube removal or by using magnetic resonance cholangiopancreatography if clinically
indicated.

Data on tumor burden (number of nodes, maximum and total node diameter, AFP
values) at diagnosis, listing, and transplantation; downstaging procedures (type and
number); explant pathology report (number of nodes, grading, micro/macrovascular
invasion, and degree of necrosis); and follow-up data (including immunosuppressive
regimens) were prospectively collected and retrospectively analyzed. Baseline recipient



J. Pers. Med. 2023, 13, 703

3 of 20

(biometric characteristics, comorbidities, MELD score) and donor (donor type, D-MELD,
donor risk index—DRI) [63] features, as well as procedural variables, were also recorded.

2.2. Patient Management

The D-HOPE protocol was applied as described elsewhere [49,50]. Briefly, livers in
both groups underwent an initial period of SCS using Celsior solution (IGL, Lissieux,
France). Grafts from DCD donors were procured after a period of normothermic regional
perfusion, as previously reported [48,64]. The use of D-HOPE was systematic in grafts
from DCD donors and was considered on a case-by-case basis in grafts from extended-
criteria DBD donors, considering donor and recipient characteristics, expected
preservation time, and donor-recipient matching [49]. Livers in the end-ischemic D-HOPE
group were prepared on the backtable upon arrival at our transplant center and
underwent a minimum of 90 min D-HOPE during recipient hepatectomy. D-HOPE was
performed using the LiverAssist device (XVIVO, Goteborg, Sweden) primed with 3 L of
Belzer MP solution (BridgeToLife, Northbrook, IL, USA) setting the pressure at 3-5 mmHg
in the portal vein and at 25 mmHg in the hepatic artery. D-HOPE was not used for
evaluation purposes, and all accepted grafts were eventually transplanted. Livers in both
groups were flushed with chilled 5% albumin before implantation into the recipient.

Post-LT management was similar in both groups. Initial immunosuppression
schedule included basiliximab as an induction, tacrolimus, steroids, and mycophenolate
mofetil. Steroids were tapered and discontinued 3 months after LT. The introduction of
everolimus was considered at 1-month follow-up in all patients without significant
proteinuria or dyslipidemia. In the absence of worrisome symptoms, the surveillance of
HCC recurrence included AFP levels every 3 months and a thoracoabdominal CT scan
every 6 months for the first 2 years after LT. Further imaging exams were obtained if
clinically indicated. The same surveillance protocol was applied to all patients regardless
of HCC stage or preservation method.

2.3. Statistical Analysis

Categorical variables were expressed as counts and percentage, whereas continuous
variables were expressed as median with interquartile range (IQR). Non-parametric
Mann-Whitney test was used to compare continuous variables, whereas Chi-square or
Fisher’s exact test were used for categorical variables, as appropriate. The impact of
machine perfusion (MP) on HCC recurrence was evaluated both in terms of the recurrence
rate and as a time-dependent variable using the proportional hazards Cox method. RFS
according to the preservation method was analyzed using Kaplan-Meier curves and
compared with the log-rank test. To account for potential confounding factors, we used
inverse probability of treatment weighting (IPTW), which weights the data to balance
baseline characteristics between the study groups, to adjust survival analysis [65].
Specifically, we estimated the propensity score for receiving D-HOPE versus SCS using a
logistic regression model that included the following recipient and donor characteristics
as covariates: donor age, donor BMI, macrovesicular steatosis, cold ischemia time,
recipient age, HCC grading, and microvascular invasion. We then used the inverse of the
propensity score as the weight for each patient in the analysis. The IPTW-adjusted Cox
proportional hazards model was used to estimate the hazard ratio for HCC recurrence
between the D-HOPE and SCS groups, with a robust variance estimator to account for the
weighted data. A further analysis using Bayesian model averaging (BMA) was conducted
on the entire cohort [66]. BMA is an approach that allows for the averaging of all possible
statistical models supported by the data to obtain an unbiased estimate of the effect size
of the different variables on the analyzed endpoint. The percentage of inclusion (PI)
indicates the percentage of all possible models in which the variable has been included.
The number of possible models is determined by all possible combinations of baseline
covariates that have a posterior model probability of at least 1/20. PI can be directly
interpreted as the probability of a variable being included in the model and indicates
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which variables have a confounding effect on the outcome and should be used for adjust-
ment. The effect on the outcome is expressed as a hazard ratio (HR), while the probability
of direction, defined as the probability that the HR is more than 1, is provided as a measure
of the strength of the association.

Statistical significance (p) was set at a value of 0.05. Analyses were performed using
R version 4.2.3 (R Foundation for Statistical Computing, Vienna, Austria). Bayesian model
averaging and adjusted RFS analysis were performed using the packages “BMA: Bayesian
Model Averaging” and “adjustedCurves: A comparison of different methods to adjust sur-
vival curves for confounders”.

3. Results

Some 398 patients underwent LT for HCC during the study period. Of these, 36 pa-
tients were excluded due to intraoperative death (n =2, 0.6%), unconfirmed HCC at ex-
plant pathology (n =20, 5.5%), incidental cholangiocarcinoma (n =11, 3.0%), or the use of
perfusion techniques other than D-HOPE (n = 3, 0.8%). Thus, 362 patients undergoing LT
for HCC with a minimum follow-up of two years were included in the study cohort.
Among them, 246 received grafts preserved using SCS, whereas the remaining 80 patients
underwent transplantation with grafts treated with end-ischemic D-HOPE (DBD, n = 66;
DCD, n = 14).

The HCC recurrence rate in the whole cohort was 9.2% (30 out of 326 patients), with
a median time to recurrence from LT of 14 months (IQR: 11.2-23). Among those who ex-
perienced recurrence, 9 patients (30%) had intrahepatic recurrence, while 21 patients
(70%) had extrahepatic recurrence. The pattern of HCC recurrence was comparable be-
tween study groups. In the D-HOPE group, 3 (37.5%) and 5 (62.5%) patients developed
liver-only and systemic recurrence, whereas in the SCS group the proportions were 6
(27.3%) and 16 (72.7%), respectively (Fisher exact test, p = 0.92).

Baseline patient and donor characteristics, operational details, HCC features, and im-
munosuppression regimen data are summarized in Table 1.

Preferential use of D-HOPE in grafts from ECD resulted in donors in the D-HOPE
group being older (72 vs. 68 years, p = 0.003) and with higher BMI (27 vs. 25, p = 0.001).
There was also a trend towards a higher degree of macrovesicular steatosis in the D-HOPE
group (3% vs. 2%, p=0.07). As all DCD LTs were performed with sequential normothermic
regional perfusion followed by D-HOPE, donor types were significantly different. Total
preservation time was comparatively longer (474 vs. 404 min, p < 0.001) when D-HOPE
was utilized, as the transplant operations were scheduled to ensure a minimum perfusion
time of 90 min.

HCC characteristics and pre-LT downstaging were similar between study groups, as
well as 5-year RFS estimated by the Metroticket 2.0 model (Figure 1).

Table 1. Baseline features in the whole cohort and according to preservation modality (SCS versus
D-HOPE).

Overall SCS D-HOPE

(n = 326) (n = 246) (n = 80) p Value

Recipient and donor features

Recipient age
Recipient gender

Indication

59.0 [55.3, 63.4] 58.9[55.1,62.8] 60.1[55.7, 63.6] 0.147

F 52 (16) 41 (17) 11 (14) 0.658
M 274 (84) 205 (83) 69 (86)

Alcoholic cirrhosis 55 (17) 41 (17) 14 (18) 0.668
Autoimmune hepatitis 2 (1) 2(1) 0(0)

Cholestatic liver disease 4 (1) 2(1) 2(2)

NASH 12 (4) 8(3) 4 (5)

Viral hepatitis 222 (68) 171 (70) 51 (64)

Other 31 (10) 22 (9) 9 (11)
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Waiting time (days) 35.0[16.5,90.5] 35.0[17.0,86.0] 32.0[14.5,94.5] 0.713
Recipient BMI 25.8[23.5,28.1] 25.7[23.4,28.3] 26.0[23.9,27.8] 0.548
MELD 10.0 [8.0, 14.0] 10.0[8.0,14.0] 10.0[8.0,14.0] 0.872
Prev. abdominal surgery 127 (39) 90 (37) 37 (46) 0.159
Donor age 68.7 [57.7,77.4] 67.9[55.7,76.5] 71.8[60.7,82.4] 0.003
Donor gender F 134 (41) 105 (43) 29 (36) 0.376

M 192 (59) 141 (57) 51 (64)
Donor type DBD 312 (96) 246 (100) 66 (82) <0.001

DCD cat. I 1(0) 0 (0) 1(1)

DCD cat. ITI 13 (4) 0(0) 13 (16)
Donor BMI 25.7[23.5,28.4] 25.4[23.0,27.7] 27.2[24.5,29.4] 0.001
Macrosteatosis % 2.0 [0.0, 10.0] 2.0 0.0, 10.0] 3.0[0.0,10.0] 0.070
Macrosteatosis > 15% 57 (18) 39 (16) 18 (22) 0.266
D-MELD 674 [537, 916] 659 [527, 897] 715 [558,968] 0.078
BAR 5.0 [3.0, 5.0] 5.0 [3.0, 5.0] 5.0 [3.0, 5.0] 0.113
DRI 1.8[1.4,2.3] 1.7 [1.4,2.3] 2.1[1.4,24] 0.137
Total preservation time (min) 417 [364, 471] 403 [354, 452] 474 1411, 519] <0.001
Rec. warm ischemia time 2320, 27] 2321, 27] 2220, 27] 0.300
(min)
D-HOPE time (min) 010, 0] 010, 0] 144 [117,180] <0.001
HCC characteristics
N. nodes at LT 0 3(1) 1(0) 2(2) 0.322

1 133 (41) 99 (40) 34 (42)

2-3 92 (28) 73 (30) 19 (24)

3-4 67 (21) 48 (20) 19 (24)

>5 31(10) 25 (10) 6 (8)

Max diam. at LT (mm)
Tot. diam. at LT (mm)
AFP at LT (ng/mL)

20.0 [14.0, 30.0]
32.0 [21.0, 50.0]
45[2.9,11.7]

Estimated 5-year survival * 0.91[0.9, 1.0]
Estimated 5-year survival *  <80% 28 (9)
80-85% 12 (4)
85-90% 46 (15)
90-95% 109 (37)
>95% 103 (35)
Downstaging (Y/N) 264 (81)
Downstaging (n. procedures) 1.0 [1.0, 2.0]
Locoregional 247 (76)
SBRT 33 (10)
Liver resection 16 (5)
AFP maximum level (ng/mL) 7.0 3.5, 26.4]
N. nodes at pathology 0 3(1)
1 111 (34)
2-3 78 (24)
3-4 74 (23)
>5 56 (17)

Max diam. pathology (mm)
Tot. diam. pathology (mm)
Grading

Microvascular invasion (%)

25.0 [18.0, 35.0]
42.0 [28.0, 63.0]

G1-G2 174 (72)
G3-G4 69 (28)
55 (17)

20.0 [15.0, 30.0]
34.0 [21.0, 52.0]
45[2.9,12.2]
0.9 0.9, 1.0]

20 (9)

11 (5)

31 (14)

89 (40)

72 (32)

201 (82)

1.0 [1.0, 2.0]
191 (78)

19 (8)

13 (5)
7.0[3.2,28.2]
2(1)

88 (36)
57 (23)
51 (21)
45 (19)

25.0 [18.0, 35.5]
40.0[29.2, 61.8]
136 (72)

52 (28)

44 (18)

20.0 [14.0, 30.0] 0.901
30.0 [18.8, 48.0] 0.298
43[3.0,88] 0776
09[0.9,1.0] 0232

8 (11)

1(1)

15 (20)

20 (27)

31 (41) 0.118
63 (79) 0.673
1.0[1.0,20]  0.605
56 (70) 0.217
14 (18) 0.021
3(4) 0.799
6.7[3.9,229]  0.89%4
1(1)

23 (29)

21 (27)

23 (29)

11 (14) 0.452

26.0 [17.5,34.0] 0.827
45.0[25.5,73.0] 0.627

38 (69) 0.764
17 (31)
11 (14) 0.502
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Immunosuppression and rejection

Induction (basiliximab)
TAC start day

12-month TAC AUC (mg)
MMF mean dose

Switch to EVE (Y/N)
12-month EVE AUC (mg)
Early rejection (y/n)
Steroid pulses
Thymoglobulin

Late rejection

93 (29) 50 (20) 43 (54) <0.001

0 49 (38) 34 (40) 15 (33)

1 46 (35) 32 (38) 14 (30)

2 19 (15) 9 (11) 10 (22)

3 7 (5) 5 (6) 2 (4)

4 6 (5) 3(4) 3(7)

5 2(2) 1(1) 1(Q2)

7 1(1) 0(0) 1Q) 0.405

55.1[41.6,69.5] 55.6[42.9,69.6] 49.3[40.0, 68.8] 0.307
395 [166, 875] 416 [166, 875] 375250, 916] 0.324

218 (71) 165 (71) 53 (71) 1.000
4041[23.9,54.6] 40.1[22.2,54.9] 43.2[32.1,52.2] 0.640
32 (10) 24 (10) 8 (10) 1.000
29 (9) 23 (9) 6 (8) 0.780
2(1) 2(1) 0 (0) 1.000
18 (6) 10 (4) 8 (11) 0.079

12

* According to Metroticket 2.0 model. Data are presented as number (percentage) or median (inter-
quartile range), as appropriate. Abbreviations: AFP, alpha fetoprotein; BAR, balance of risk score;
BMI, body mass index; D-HOPE, dual-hypothermic oxygenated machine perfusion; DBD, donation
after brain death; DCD, donation after cardiac death; D-MELD, donor age * MELD; DRI, donor risk
index score; EVE, everolimus; HCC, hepatocellular carcinoma; LT, liver transplantation; MELD,
model for end-stage liver disease; MMF, mycophenolate mofetil; RAI, rejection activity index; SBRT,
stereotactic body radiotherapy; TAC, tacrolimus.

Overlapping area:

90.36

Density
[}

MP
No D-HOPE

B o+ore

.

0.6 0.8 1.0
Estimated 5-year survival (Metroticket 2.0)

Figure 1. Kernel density plot showing comparable 5-year survival probability by preservation mo-
dality, as estimated using Metroticket 2.0 model.

Immunosuppression management was comparable between study groups, except
that patients in the D-HOPE group were more frequently administered basiliximab as an
induction therapy (53% vs. 20%, p < 0.001). Everolimus was introduced in 71% of patients
in each group. No differences were observed in terms of exposure to tacrolimus or evero-
limus, or mycophenolate mofetil dosage (Figure 2).
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Figure 2. Immunosuppression levels and dosage according to preservation modality in the 12
months after transplant. Lines represent mean values, whereas vertical error bars represent standard
error.

3.1. HCC Recurrence and Postoperative Outcomes

The HCC recurrence rate was comparable between study groups, with 10% and 8.9%
of patients in the D-HOPE and SCS group experiencing recurrence (p = 0.95) (Table 2).
Peak AST and ALT levels were lower in the D-HOPE group compared to the SCS group
(AST: 903 vs. 1140, p = 0.022; ALT: 496 vs. 792, p = 0.002, respectively). Other considered
outcomes were comparable between groups shown, including early (10% vs. 10%, p = 1)
and late (4.5% vs. 3%, p = 0.145) rejection rates.
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Table 2. Postoperative outcomes.

Overall SCS D-HOPE
(n = 326) (n = 246) (n = 80) p Value

HCC recurrence 30 (9) 22 (9) 8 (10) 0.951
AST peak 1089.0 [671.0, 1782.0] 1140.0 [719.0, 1831.0] 903.0 [561.8, 1570.0] 0.022
ALT peak 699.0 [420.0, 1135.0]  742.0 [454.0, 1163.0] 496.5[273.8,984.2] 0.002
EAD 87 (27) 66 (27) 21 (26) 1.000
AKI stage no 120 (37) 93 (38) 27 (34) 0.081

1 126 (39) 90 (37) 36 (45)

2 56 (17) 48 (20) 8 (10)

3 24(7) 15 (6) 9(11)
Complications (Clavien—Dindo) 0 32 (10) 18 (7) 14 (18) 0.143

1 75 (23) 61 (25) 14 (18)

2 167 (51) 127 (52) 40 (50)

3a 6(2) 5(2) 1(1)

3b 23 (7) 17 (7) 6 (8)

4a 15 (5) 12 (5) 34)

4b 4 (1) 2 (1) 2 (2)

5 4 (1) 4(2) 0 (0)
Clavien—Dindo > 3 complications 52 (16) 40 (16) 12 (15) 0.927
CClI at discharge 20.9 [8.7, 29.6] 20.9 [8.7, 29.6] 20.9 [8.7, 29.6] 0.243
ICU stay (days) 3.0[2.0,4.0] 3.0[2.0,4.0] 3.0[2.0,5.0] 0.720
Hospital stay (days) 10.0 [8.0, 15.8] 10.0 [8.0, 14.8] 11.0 [8.0, 18.0] 0.967
Biliary complications (overall) 63 (19) 49 (20) 14 (18) 0.754
Anastomotic complications 58 (18) 44 (18) 14 (18) 1.000
Ischemic cholangiopathy 7 (2) 7 (3) 0 (0) 0.280

Data are presented as number (percentage) or median (interquartile range), as appropriate. Abbre-
viations: AKI, acute kidney injury; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CCI, comprehensive complication index; D-HOPE, dual-hypothermic oxygenated machine perfu-
sion; EAD, early allograft dysfunction; HCC, hepatocellular carcinoma.

Significant predictors of HCC recurrence were identified through univariable and
multivariable Cox regression analysis (Table 3). Evidence of microvascular invasion at ex-
plant pathology and HCC grading G3-G4 were the only variables independently affecting
REFS, at both univariable and multivariable Cox regression. The use of D-HOPE did not
influence HCC recurrence.

Table 3. Univariable and multivariable Cox regression analysis of variables associated with recur-
rence-free survival.

Univariable Analysis Multivariable Analysis
o,

HR (95% CI for HR) p Value Eﬁ)(% o CI for p Value
N. nodes at LT 1.1 (0.94-1.4) 0.17
Max diam. at LT 1(0.98-1) 0.85
AFP at TL 1(1-1) 0.21
Downstaging 0.72 (0.31-1.7) 0.45
Grading G3-G4 5(2.1-12) <0.001 3.2 (1.3-7.9) 0.10
Microvascular invasion 5.2 (2.6-11) <0.001 5(2-11.9) <0.001
Donor age (years) 1 (0.98-1) 0.66
Donor BMI 0.98 (0.91-1.1) 0.7

DCD donor 3.9 x 108 (0-Inf) 1
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D-HOPE 1.2 (0.52-2.6) 0.71 1.34 (0.5-3.4) 0.54
PRBC transfusion (units)  0.98 (0.92-1) 0.57
Lactate end of LT (mmol/L) 1.1 (0.88-1.5) 0.32
Severe PRS 0.5 (0.12-2.1) 0.35
AST peak (IU/L) 1(1-1) 0.32
ALT peak (IU/L) 1(1-1) 0.9
L-GrAFT (risk %) 1 (0.99-1) 0.2
CClI at discharge 0.99 (0.97-1) 0.66
Tacrolimus AUC (mg) 1(0.97-1) 0.74
Everolimus AUC (mg) 0.99 (0.97-1) 0.41

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; CCI, comprehensive complication index; DCD, donation after cardiac death; L-GrAFT, liver
graft assessment following transplantation score; LT, liver transplantation; PRBC, packed red blood
cells; PRS, post-reperfusion syndrome.

To obtain more robust estimates of the variables affecting recurrence, a further anal-
ysis using Bayesian model averaging was performed, confirming the absence of a signifi-
cant association between D-HOPE and HCC recurrence (percentage of inclusion = 13%,
hazard ratio =1, credibility interval = 0.53-3.57). Microvascular invasion and G3-G4 grad-
ing were confirmed as the variables with the highest percentage of inclusion among pre-
dictive models and thus more significantly associated with HCC recurrence (percentage
of inclusion = 100%, hazard ratio = 5, credibility interval = 2.09-12.4 and percentage of
inclusion = 97%, hazard ration = 3, credibility interval = 1.32-8.00, respectively) (Table 4).

Table 4. Bayesian model averaging for HCC recurrence.

p Inclusion HR  CI95% pd

Microvascular invasion 100.0 5.08 2.09;12.362 1.00
Grading G3-G4 97.2 325 1.323;7.997 0.99
DCD donor 18.4 0.00 0; Inf 0.50
Macrovesicular steatosis (%) 17.5 097 0917;1.031 0.83
L-GrAFT score 16.4 1.01 0.989;1.035 0.84
D-HOPE 13.3 1.37 0.528;3.568 0.74
Donor age (years) 12.9 1.01 0.982;1.034 0.72
Donor gender (male) 10.6 0.82 0.345;1.938 0.68
Cold ischemia time (min) 9.3 1.00 0.996;1.006 0.62
Recipient BMI 9.1 1.01 0.891;1.157 0.59
Packed red blood cells transfusion (units) 8.5 1.01 0.955;1.067 0.63
Donor BMI 8.2 1.00 0.919;1.097 0.54

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; CCI, comprehensive complication index; DCD, donation after cardiac death; L-GrAFT, liver
graft assessment following transplantation score; LT, liver transplantation; PRBC, packed red blood
cells; PRS, post-reperfusion syndrome.

3.2. Survival Analysis

Median follow-up was 59 (36-72) and 40 (32-52) months in SCS and D-HOPE groups,
respectively. Survival analysis showed comparable RFS rates between study groups (log-
rank p = 0.71). Median (95% confidence interval) 1-year RFS was 96% (94-99%) and 95%
(90-100%) in the SCS and D-HOPE groups, respectively (Figure 3). To account for poten-
tial confounders, IPTW-adjusted RFS analysis was performed, including donor age, donor
BMI, macrovesicular steatosis, cold ischemia time, recipient age, HCC grading, and mi-
crovascular invasion as covariates. These variables were selected due to their association
with HCC recurrence or unbalance between study groups. Even after adjustment, RFS did
not significantly differ between study groups (p = 0.89) (Figure 3, second panel).
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Figure 3. Raw and IPTW-adjusted Kaplan-Meier curves for recurrence free-survival according to
preservation modality.

4. Discussion

Recent advancements in HCC staging have improved access to LT for patients suf-
fering from HCC [7]. HCC recurrence rate after LT varies between 6% and 24% [14,67],
and it is largely determined by tumor burden and biology.

A large body of preclinical studies has shown an association between IRI and tumor
recurrence after LT (Table 5). The mechanisms lays in the inflammatory response triggered
by liver IRI, which creates a favorable local microenvironment enhancing tumor cells’ in-
vasiveness [11-30,68]. Sinusoidal dysfunction sustains tissue hypoxia and triggers the ac-
tivation of the hypoxia-inducible factor 1a pathway and its downstream genes, leading to
neo-angiogenesis and apoptosis inhibition [15,16,24]. The overexpression of proliferation
regulators, such as Rho-family proteins, and adhesion molecules, such as E-selectin, sus-
tains tumor cell growth and their migration into the extravascular space [11,12,25,26,28].
C-X-C motif chemokine ligand 10 (CXCL10), a chemoattractant, promotes macrophage
activation and the recruitment of endothelial progenitor cells (EPC) into the liver
[13,14,22,30]. Both CXCL10 and EPC circulating levels were increased in patients with
HCC recurrence and were associated with neoangiogenesis and invasiveness [14]. More-
over, CXCL10 and matrix metalloproteinases, activated in response to IRI, enhance regu-
latory T cells migration and consequent immune response suppression, which ultimately
supports tumor growth [13,27,29].
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Table 5. Preclinical studies investigating the association between liver IRI and tumor progression.

Author, Year Animal Model Ischemia Tumor Findings
. Colorectal
Doi et al., 2002 Rat Partial IRT 30 vs. 60 min  liver IRI enhan‘cefi t}lmor grovath
[11] = 1 E-selectin in ischemic livers
metastases
Colorectal = IRIenhanced tumor growth
Doi 1., 2002
[ 62; etal, 200 Rat Partial IRI 60 min liver = neutrophil elastase inhibition reduced
metastases the number of hepatic metastases
= IRI enhanced tumor growth in both is-
. Partial IRI vs. Colorectal chemic and non-ischemic lobes
Yoshida et al., . . . . . .
2003 [12] Rat intermittent 60 min liver = Intermittent clamping reduced the num-
clamping metastases ber of hepatic metastases and E-selectin
expression
*  Tumor growth was markedly stimulated
in ischemic lobes vs. non-ischemic lobes
van der Bilt ot . . (?olorectal = Intermittent c.lampmg completely pre-
al,, 2005 [23] Mouse Partial IRI 45 min liver vented IRI-stimulated tumor growth
v metastases * Ischemic preconditioning, a-tocopherol
and ascorbic acid failed to protect
against IRI-stimulated tumor growth
= IRI-stimulated tumor growth occurs
preferentially in areas of tissue hypoxia,
. Colorectal and elevated HIF-1a expression
van der Bilt et . . . . S . :
Mouse Partial IRI 45 min liver * Reducing microcirculatory impairment
al., 2007 [24] . -
metastases with atrasentan and L-arginine as well as
inhibiting HIF-1a with 17-DMAG re-
sulted in reduced tumor growth
* Tacrolimus activates Rho/ROCK signal
Ogawa et al., Rat LT i HCC pathwa.y t(? e.r?hance HCC cell migration
2007 [25] = ROCK inhibition suppresses HCC recur-
rence
* IRI and major hepatectomy enhanced tu-
Partial IR +/- mor growt}} (1 PCNA and VEGF) .
Man et al., , . = IRI and major hepatectomy promoted in-
Rat major hepatec- 60 min HCC . . .
2007 [26] tom vasiveness by overexpressing Rho family
y genes (Racl, ROCK, Cdc42) in tumor tis-
sues
= 1 MMP9 in ischemic livers
Colorectal =  Doxycycline inhibits IRI-induced MMP9

Nicoud et al.,
2007 [27]

Man et al.,,
2008 [28]

Ushitora et al.,
2009 [29]

Man et al.,,
2010 [30]

Mouse

Rat

Rat

Rat

Partial IRI 30 min

Standard vs.
small-for-size -
graft LT

LT -
Standard vs.

small-for-size -
graft LT

liver metasta-
ses

HCC

HCC

HCC

and reduced tumor growth

Inhibition of MMP9 reduced hepatic me-
tastases

Small-for-size grafts had higher tumor
growth, with increased angiogenesis (1
VEGF) and invasiveness (ROCK)
Immunomodulation with FTY720 (Fin-
golimod) reduced tumor growth (|
MAPK)

inflammatory chemokine CXCL10 was
over-expressed in small-for-size liver
grafts and their tumors
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Li et al., 2012
[13]

Ling et al.,
2014 [14]

Oldani et al.,
2014 [15]

Hamaguchi et
al., 2016 [16]

Orci et al.,
2016 [17]

Wang et al.,
2017 [18]

Orci et al.,
2018 [19]

Oldani et al.,
2019 [20]

Yang et al,,
2019 [21]

Li et al., 2020
[22]

Rat

Rat
Mouse

Rat

Rat

Mouse

Rat
Mouse

Mouse

Rat

Mouse

Rat

Partial IRI +/-
major hepatec- 30 min
tomy

Standard vs.
small-for-size
graft LT
Partial IRI +
major hepatec-
tomy

45 min

DCD LT

Major hepatec-5 vs. 10 vs. 15

tomy min

Partial IRI 30 min

DCD LT 30 min

Partial IRI
min

Partial IRI 60 min

DCD LT 60 min

Partial IRI 60 min

Partial IRI +/-
major hepatec- 30 min
tomy

HCC

HCC

10 or 30 min HCC

HCC

HCC

15 vs. 30 vs. 60HCC

HCC

HCC

HCC

HCC

CXCL10 promoted macrophage infiltra-
tion in the early phase after LT and tu-
mor-associated macrophage activation in
liver tumors developed in the late phase
after LT

Immunomodulation with FTY720 (Fin-
golimod) reduced tumor growth and
lung metastases

FTY720 reduced circulating and bone
marrow EPCs and gene expressions of
CXCL10, VEGF, CXCR3, CXCR4
Small-for-size liver graft were associated
with higher circulating EPCs and in-
tragraft and plasma CXCL10/CXCRS3 lev-
els in tumor free LT model

Both EPCs and CXCL10 injections pro-
moted tumor growth, angiogenesis and
lung metastasis

Donor ischemia increased tumor growth
2 h of in vivo NMP reduced tumor
growth and modulated inflammatory
genes expression (| Hmox1, HIF-1a, ser-
pinel, 1 IL10)

15 min of intermittent clamping pro-
moted tumor growth by inducing HIF-
la and IL-6-JAK-STATS3 signaling path-
ways

Steatosis + IRI increased tumor growth
Ischemic preconditioning reduced tumor
load in steatotic livers exposed to IRI
PARP-1 inhibition reduced HCC recur-
rence in both LT and partial IRI models
PARP-1-induced susceptibility to recur-
rence was mediated by CXCL1/CXCR2
signaling and consequent neutrophil and
angiogenesis activation

Ischemic preconditioning, gut decontam-
ination with antibiotics and pharmaco-
logical TLR4 inhibition reduced tumor
growth

Donor ischemia increased tumor growth
Both HOPE and NMP failed to bring a
measurable benefit in terms of cancer
implantation/growth reduction

Steatosis + IRI increased tumor growth
ALOX12-12-HETE pathway inhibition
reduced HCC recurrence
Immunomodulation with FTY720 (Fin-
golimod) reduced tumor growth, lung
metastases and circulating Tregs
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= FTY720 combined with rapamycin fur-
ther suppressed tumor growth and inva-
siveness

Abbreviations: 1, increase; CXCL10, C-X-C motif chemokine ligand 10; DCD, donation after cardiac
death; EPC, endothelial progenitor cells; HCC, hepatocellular carcinoma; HIF-1a, hypoxia-induci-
ble factor 1a; Hmox1, heme oxygenase (decycling) 1, HOPE, hypothermic oxygenated perfusion;
IRL, ischemia/reperfusion injury; LT, liver transplantation; MAPK, mitogen-activated protein kinase;
MMP9, matrix metalloproteinase 9; NMP, normothermic machine perfusion; PARP-1, poly (ADP-
ribose) polymerase; PCNA, proliferating cell nuclear antigen; ROCK, Rho/Rho-associated kinase;
VEGEF, vascular endothelial growth factor.

Several clinical studies [14,55,67,69-76] have investigated the association between
graft quality and HCC recurrence (Table 6). Small-for-size liver grafts are exposed to a
transient hemodynamic stress that aggravates sinusoidal damage and consequently in-
creases IRI, possibly contributing to the higher HCC recurrence in living donor LT recip-
ients [14,76]. Orci et al. [73] reported an increased risk of recurrence in patients receiving
a graft from elderly (aged > 60 years), diabetic, obese (BMI > 35), or severely steatotic do-
nors. Prolonged donor or recipient warm ischemia time have been identified as independ-
ent risk factors for HCC recurrence in multiple series [70,72,73], but the evidence concern-
ing the association between the utilization of livers from DCD donors and HCC recurrence
is conflicting, with some studies suggesting a higher risk [67] and others reporting similar
outcomes [74].

Table 6. Clinical studies investigating the association between liver IRT and HCC recurrence after
LT.

Author, . .

Y:ar or Study Donor Intervention Recurrence Findings

Ling etal.,, Retrospective Standard (n = 37) Ezgeﬁghgstgérgig;i);::;h:cecroil;;fat
v 11 DBD . small-for-size 8% vs. 24.4% ! )

2014 [14]  single center > vs. small-for-size 8% vs & nied with increased circulating EPCs

Kornberg et Retrospective,

graft (n = 78) LT and CXCL10 levels

WIT > 50 min identified as an independ-

o,
al.,, 2015 [70] single center bBD i 23.3% ent predictor of HCC recurrence
- PGEL1 therapy identified as an inde-
pendent prognostic factor for early HCC
Kornberg et Retrospective, 106 DBD Post-operative 23.6% recurrence (within 12 months)
al., 2015 [71] single center PGE1 therapy ' - PGE1 therapy identified as an inde-
pendent prognostic factor for recur-
rence-free survival in Milan-out patients
Nagai et al,, Retrospective, CIT > 10 h and WIT > 50 min identified
2015[72]  multicenter DBD - 15.3% as independent predictors of HCC re-
currence
Retrospective Donor age > 60 y, BMI > 35, diabetes,
Orci et al,, UNOS regis- ! 9794 DBD i ] steatosis > 60% and WIT > 19 min associ-
2015 [73] try DCD ated with an increased HCC recurrence
risk
Khorsandi etRetrospective, DBD 12.1% DCDs had same HCC recurrence rates
al., 2016 [74] single center DCD than DBDs
Post-reperfusion AST <1896 U/L and
Gratetal, Retrospective, 1 DED i 13.8% LDH <4670 U/L increased HCC recur-
2018 [75] single center ’ rence-free survival after LT in Milan-in

patients
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DCD donor was an independent predic-
tor of post-LT mortality.

Silverstein etI[{J?\tllgzli«thjlz.el 7563 DBD 6.4% vs. 7 6% After stratifying for risk of HCC recur-
al., 2020 [67] try & DCD ' "7 rence, only subgroups at higher risk for
HCC recurrence had lower survival
rates.
5.7% (DCD-
HOPE, center
A); 25.7%

Mueller et  Retrospective,
al., 2020 [55] multicenter

Liu et al,, Retrospective, 399

2021 [76]  single center

Tang et al., Retrospective,
2021 [69] single center

280 DCDs vs. SCS-  A); 14.3%

DCD grafts exposed to 2 h of end-is-
chemic HOPE had lower HCC recur-
rence compared to cold-stored DBD
grafts from the same center

DBD HOPE- treated  (DBD, center

DCD
C DCDs/DBDs (DCD, center

B); 17.1%
(DBD, center
B)

Patients with small-for-size liver graft
had higher HCC recurrence, accompa-
nied with increased circulating MDSCs

Standard (n = 149)
DBD vs. small-for-size 10% vs. 19.4%
graft (n=180) LT

and CXCL10 levels
Ischemia-free LT Ischemia-free LT was associated with
DBD (n=30) vs. SCS- - higher HCC recurrence-free survival
LT (n=196) rates than conventional LT

Abbreviations: CIT, cold ischemia time; CXCL10, C-X-C motif chemokine ligand 10; DBD, donation
after brain death; DCD, donation after cardiac death; EPC, endothelial progenitor cells; HCC, hepa-
tocellular carcinoma; HOPE, hypothermic oxygenated perfusion; MDSC, myeloid-derived sup-
pressor cells; PGE1, prostaglandin E1; SCS, static cold storage; WIT, warm ischemia time.

The utilization of ECD organs has highlighted the limitations of SCS and has reig-
nited interest in dynamic organ preservation techniques due to their ability to attenuate
IRI [77]. Specifically, HOPE enables controlled tissue reoxygenation and prevents mito-
chondrial respiratory chain dysfunction, reducing IRI [54]. In contrast, normothermic ma-
chine perfusion (NMP) relies on reproducing a physiological environment that maintains
liver metabolism and prevents ATP depletion to protect the organ [54]. Given the associa-
tion between IRI and HCC recurrence, the use of machine perfusion could potentially im-
prove outcomes of LT for HCC. However, pre-clinical studies are limited and have failed
to provide solid evidence to support this hypothesis [20].

A recent clinical study by Mueller et al. [55] compared 70 DCD grafts treated with
end-ischemic HOPE with 70 DBD grafts preserved with SCS, showing lower HCC recur-
rence rate in the HOPE group (5.7% vs. 25.7%, p = 0.002), despite the utilization of high-
risk DCD grafts. Concerning NMP, the ischemia-free liver transplantation (IFLT) protocol
developed by the Guangzhou group in China has shown promising preliminary results
[69]. A propensity score-matched analysis showed better recurrence-free survival at 1 and
3 years for recipients with HCC after IFLT as compared to conventional LT (92% vs. 73%,
p =0.006 and 87% vs. 46.3%, p = 0.048, respectively) [69].

In our single-center study, we analyzed a cohort of 326 liver transplants in patients
with HCC to investigate whether D-HOPE may improve recurrence-free survival (RFS).
The lower number of patients receiving a D-HOPE-treated graft was determined by its
use in selected cases based on donor and recipient characteristics and expected preserva-
tion time. Our patient population was homogeneous in terms of recipient and HCC char-
acteristics, operational variables, and postoperative management. In particular, the man-
agement of immunosuppression, which could act as an important confounder [78,79], was
similar, with a therapeutic switch to everolimus performed in most cases. The only differ-
ence in immunosuppression management was represented by a more deliberate use of
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induction therapy with basiliximab in the D-HOPE group. However, conflicting results
have been reported regarding a potential influence of induction by basiliximab on HCC
recurrence after liver transplantation [80,81], and these have not been confirmed in the
setting of a randomized trial. D-HOPE-treated grafts were procured from older donors
with higher BMI, reflecting the preferential allocation of grafts from ECD to D-HOPE
group. Furthermore, 14 (17%) grafts in the D-HOPE group were procured from DCD do-
nors. Despite these differences, D-HOPE-treated grafts showed lower AST and ALT peaks,
in keeping with lower IRI after D-HOPE use [54]. All other analyzed outcomes were com-
parable, suggesting that D-HOPE treatment compensated for the features of marginality
of the donors in this group.

Despite a thorough analysis, we were unable to demonstrate a significant impact of
D-HOPE on HCC recurrence. In our series, HCC recurrence was closely associated with
HCC features, such as microvascular invasion and tumor grading, which is consistent
with the evidence from the literature [82,83]. In contrast with the findings from the Zurich
group [55], even after adjusting for potential confounders, we did not observe any signif-
icant differences in HCC recurrence rate between recipients of a D-HOPE-treated graft
and those who received a graft preserved by SCS. Contrary to the aforementioned study,
where the DBD cohort had a high HCC recurrence rate (25.7%), in our cohort, we observed
a consistently lower HCC recurrence rate (9% vs. 10%) across study groups. Interestingly,
no recipient of a DCD graft procured using sequential NRP + D-HOPE [48,64] developed
recurrence. However, the small sample size of this group and the lack of a comparator
(SCS alone is not allowed for DCD donors in Italy) did not allow for a focused analysis.

Some limitations of our study, possibly explaining the apparent lack of effect of D-
HOPE on HCC recurrence, must be acknowledged. First, given the relatively low inci-
dence of HCC recurrence after LT and the predominant effect of HCC features in deter-
mining recurrence, a larger sample size could be required to demonstrate the effect of any
protective intervention. Second, our cohort predominantly included grafts from DBD do-
nors, which are less exposed to severe IRI than those from DCD donors. Thus, the effect
of a technique that can potentially reduce HCC recurrence rate by mitigating IRI could be
more evident in a higher-risk setting such as DCD LT. Third, in our cohort D-HOPE was
preferentially, although not invariably, used in grafts from ECD donors. Given the retro-
spective nature of our study, it is possible that the selection bias, despite adjusting for
potential confounders, could have masked the protective effects of D-HOPE towards HCC
recurrence.

In conclusion, our experience did not show a significant impact of end-ischemic D-
HOPE on HCC recurrence after LT. Limited sample size, retrospective design, and the
preferential use of D-HOPE in ECD grafts represent the main limitations of the study.
Nevertheless, our results corroborate the fundamental role of D-HOPE in expanding the
donor pool and improving access to LT for patients suffering from HCC, as outcomes were
similar in the two groups despite the marginal characteristics of the grafts treated with D-
HOPE. The impact of D-HOPE on HCC recurrence in LT should be investigated in the
setting of a randomized controlled trial with a larger sample size.

Author Contributions: Conceptualization, D.P. and F.T,; Data curation, F.R,, N.D.S,, D.P.,, V.D.D.,
L.C,D.T, and T.D.; Formal analysis, D.P., V.S., and P.B.; Supervision, D.P. and R.R.; Writing—orig-
inal draft, F.R. and N.D.S.; Writing—review & editing, D.P., V.S, P.B,, E.T., and R.R. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Ethics Committee of our
Institution (res. 506/2021).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
study, with data presented as aggregated measures.



J. Pers. Med. 2023, 13, 703 16 of 20

Data Availability Statement: Research data will not be made publicly available due to privacy rea-
sons.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Galle, P.R.; Forner, A.; Llovet, ].M.; Mazzaferro, V.; Piscaglia, F.; Raoul, ].L.; Schirmacher, P.; Vilgrain, V. EASL Clinical Practice
Guidelines: Management of Hepatocellular Carcinoma. . Hepatol. 2018, 69, 182-236. https://doi.org/10.1016/j.jhep.2018.03.019.
Mazzaferro, V.; Regalia, E.; Doci, R.; Andreola, S.; Pulvirenti, A.; Boztetti, F.; Montalto, F.; Ammatuna, M.; Morabito, A.; Gennari,
L. Carcinomas in Patients With Cirrhosis. N. Engl. . Med. 1996, 334, 693—699. https://doi.org/10.1056/NEJM199603143341104.
Duvoux, C.; Roudot-Thoraval, F.; Decaens, T.; Pessione, F.; Badran, H.; Piardi, T.; Francoz, C.; Compagnon, P.; Vanlemmens,
C.; Dumortier, J.; et al. Liver Transplantation for Hepatocellular Carcinoma: A Model Including a-Fetoprotein Improves the
Performance of Milan Criteria. Gastroenterology 2012, 143, 986-994.e3. https://doi.org/10.1053/j.gastro.2012.05.052.

Notarpaolo, A.; Layese, R.; Magistri, P.; Gambato, M.; Colledan, M.; Magini, G.; Miglioresi, L.; Vitale, A.; Vennarecci, G.;
Ambrosio, C.D,; et al. Validation of the AFP Model as a Predictor of HCC Recurrence in Patients with Viral Hepatitis-Related
Cirrhosis Who Had Received a Liver Transplant for HCC. ]. Hepatol. 2017, 66, 552-559. https://doi.org/10.1016/j.jhep.2016.10.038.
Mazzaferro, V.; Sposito, C.; Zhou, J.; Pinna, A.D.; De Carlis, L.; Fan, J.; Cescon, M.; Di Sandro, S.; Yi-feng, H.; Lauterio, A.; et al.
Metroticket 2.0 Model for Analysis of Competing Risks of Death After Liver Transplantation for Hepatocellular Carcinoma.
Gastroenterology 2018, 154, 128-139. https://doi.org/10.1053/j.gastro.2017.09.025.

Halazun, K.J.; Tabrizian, P.; Najjar, M.; Florman, S.; Schwartz, M.; Michelassi, F.; Samstein, B.; Brown, R.S.; Emond, J.C.; Busuttil,
R.W.; et al. Is It Time to Abandon the Milan Criteria? Results of a Bicoastal US Collaboration to Redefine Hepatocellular
Carcinoma Liver Transplantation Selection Policies. Ann. Surg. 2018, 268, 690-699.
https://doi.org/10.1097/SLA.0000000000002964.

Halazun, K.J.; Rosenblatt, R.E.; Mehta, N.; Lai, Q.; Hajifathalian, K.; Gorgen, A.; Brar, G.; Sasaki, K.; Doyle, M.B.M.; Tabrizian,
P et al. Dynamic a-Fetoprotein Response and Outcomes after Liver Transplant for Hepatocellular Carcinoma. JAMA Surg.
2021, 156, 559-567. https://doi.org/10.1001/jamasurg.2021.0954.

Tran, B.V.; Moris, D.; Markovic, D.; Zaribafzadeh, H.; Henao, R.; Lai, Q.; Florman, S.S.; Tabrizian, P.; Haydel, B.; Ruiz, R-M.; et
al. Development and Validation of a REcurrent Liver CAncer Prediction ScorE (RELAPSE) Following Liver Transplantation in
Patients with Hepatocellular Carcinoma: Analysis of the Us Multicenter Hcc Transplant Consortium. Liver Transplant. 2023,
Epub ahead of print. https://doi.org/10.1097/LVT.0000000000000145.

Attia, M.; Silva, M.A.,; Mirza, D.F. The Marginal Liver Donor—An Update. Transpl. Int. 2008, 21, 713-724.
https://doi.org/10.1111/j.1432-2277.2008.00696.X.

Widmer, J.; Eden, J.; Carvalho, M.F.; Dutkowski, P.; Schlegel, A. Machine Perfusion for Extended Criteria Donor Livers: What
Challenges Remain? J. Clin. Med. 2022, 11, 5218. https://doi.org/10.3390/jcm11175218.

Doi, K.; Horiuchi, T.; Uchinami, M.; Tabo, T.; Kimura, N.; Yokomachi, J.; Yoshida, M.; Tanaka, K. Hepatic Ischemia-Reperfusion
Promotes Liver Metastasis of Colon Cancer. J. Surg. Res. 2002, 105, 243-247. https://doi.org/10.1006/jsre.2002.6356.

Yoshida, M.; Horiuchi, T.; Uchinami, M.; Tabo, T.; Kimura, N.; Yokomachi, J.; Doi, K.; Nakamura, T.; Tamagawa, K.; Tanaka, K.
Intermittent Hepatic Ischemia-Reperfusion Minimizes Liver Metastasis in Rats. ]. Surg. Res. 2003, 111, 255-260.
https://doi.org/10.1016/50022-4804(03)00082-9.

Li, C.X,; Shao, Y.; Ng, K.T.P.; Liu, X.B.; Ling, C.C.; Ma, Y.Y.; Geng, W.; Fan, S.T.; Lo, CM.; Man, K. FTY720 Suppresses Liver
Tumor Metastasis by Reducing the Population of Circulating Endothelial Progenitor Cells. PLoS ONE 2012, 7, e32380.
https://doi.org/10.1371/journal.pone.0032380.

Ling, C.C.; Ng, K.T.P.; Shao, Y.; Geng, W.; Xiao, ] W,; Liu, H.; Li, C.X;; Liu, X.B.; Ma, Y.Y.; Yeung, W.H.; et al. Post-Transplant
Endothelial Progenitor Cell Mobilization via CXCL10/CXCR3 Signaling Promotes Liver Tumor Growth. |. Hepatol. 2014, 60,
103-109. https://doi.org/10.1016/j.jhep.2013.08.017.

Oldani, G.; Crowe, L.A.; Orci, L.A.; Slits, F.; Rubbia-Brandt, L.; De Vito, C.; Morel, P.; Mentha, G.; Berney, T.; Vallée, ].P.; et al.
Pre-Retrieval Reperfusion Decreases Cancer Recurrence after Rat Ischemic Liver Graft Transplantation. J. Hepatol. 2014, 61, 278—
285. https://doi.org/10.1016/j.jhep.2014.03.036.

Hamaguchi, Y.; Mori, A.; Fujimoto, Y.; Ito, T.; lida, T.; Yagi, S.; Okajima, H.; Kaido, T.; Uemoto, S. Longer Warm Ischemia Can
Accelerate Tumor Growth through the Induction of HIF-1a and the IL-6-JAK-STATS3 Signaling Pathway in a Rat Hepatocellular
Carcinoma Model. |. Hepato-Biliary-Pancreat. Sci. 2016, 23, 771-779. https://doi.org/10.1002/jhbp.406.

Ordi, L.A.; Lacotte, S.; Oldani, G,; Slits, F.; De Vito, C.; Crowe, L.A.; Rubbia-Brandt, L.; Vallée, J.P.; Morel, P.; Toso, C. Effect of
Ischaemic Preconditioning on Recurrence of Hepatocellular Carcinoma in an Experimental Model of Liver Steatosis. Br. . Surg.
2016, 103, 417-426. https://doi.org/10.1002/bjs.10080.

Wang, S.; Yang, F.J.; Wang, X.; Zhou, Y.; Dai, B.; Han, B.; Ma, H.C.; Ding, Y.T.; Shi, X.L. PARP-1 Promotes Tumor Recurrence
after Warm Ischemic Liver Graft Transplantation via Neutrophil Recruitment and Polarization. Oncotarget 2017, 8, 88918-88933.
https://doi.org/10.18632/oncotarget.21493.

Ordi, L.A.; Lacotte, S.; Delaune, V.; Slits, F.; Oldani, G.; Lazarevic, V.; Rossetti, C.; Rubbia-Brandyt, L.; Morel, P.; Toso, C. Effects
of the Gut-Liver Axis on Ischaemia-Mediated Hepatocellular Carcinoma Recurrence in the Mouse Liver. |. Hepatol. 2018, 68,
978-985. https://doi.org/10.1016/j.jhep.2017.12.025.



J. Pers. Med. 2023, 13, 703 17 of 20

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Oldani, G.; Peloso, A; Slits, F.; Gex, Q.; Delaune, V.; Orci, L.A.; van de Looij, Y.; Colin, D.J.; Germain, S.; de Vito, C.; et al. The
Impact of Short-Term Machine Perfusion on the Risk of Cancer Recurrence after Rat Liver Transplantation with Donors after
Circulatory Death. PLoS ONE 2019, 14, e0224890. https://doi.org/10.1371/journal.pone.0224890.

Yang, F.; Zhang, Y.; Ren, H.; Wang, J.; Shang, L.; Liu, Y.; Zhu, W.; Shi, X. Ischemia Reperfusion Injury Promotes Recurrence of
Hepatocellular Carcinoma in Fatty Liver via ALOX12-12HETE-GPR31 Signaling Axis. J. Exp. Clin. Cancer Res. 2019, 38, 489.
https://doi.org/10.1186/s13046-019-1480-9.

Li, C.X,; Yang, X.X.; Wang, HW.; Li, X.C; Ng, K.T.P.; Lo, CM.; Man, K. FTY720 Suppresses Liver Tumor Growth and Metastasis
by Reducing Circulating Regulating T Cells and Enhancing the Anti-Tumor Effect of Rapamycin. Onco. Targets. Ther. 2020, 13,
4743-4754. https://doi.org/10.2147/OTT.5234394.

Van Der Bilt, ].D.W.; Kranenburg, O.; Nijkamp, M.W.; Smakman, N.; Veenendaal, L.M.; Te Velde, E.A.; Voest, E.E.; Van Diest,
P.J.; Borel Rinkes, LH.M. Ischemia/Reperfusion Accelerates the Outgrowth of Hepatic Micrometastases in a Highly
Standardized Murine Model. Hepatology 2005, 42, 165-175. https://doi.org/10.1002/hep.20739.

Van Der Bilt, ].D.W.; Soeters, M.E.; Duyverman, A.M.M.].; Nijkamp, M.W.; Witteveen, P.O.; Van Diest, P.J.; Kranenburg, O.;
Rinkes, IL.LH.M.B. Perinecrotic Hypoxia Contributes to Ischemia/Reperfusion-Accelerated Outgrowth of Colorectal
Micrometastases. Am. |. Pathol. 2007, 170, 1379-1388. https://doi.org/10.2353/ajpath.2007.061028.

Ogawa, T.; Tashiro, H.; Miyata, Y.; Ushitora, Y.; Fudaba, Y.; Kobayashi, T.; Arihiro, K.; Okajima, M.; Asahara, T. Rho-Associated
Kinase Inhibitor Reduces Tumor Recurrence after Liver Transplantation in a Rat Hepatoma Model. Am. |. Transplant. 2007, 7,
347-355. https://doi.org/10.1111/j.1600-6143.2006.01647 ..

Man, K.; Ng, K.T.; Lo, CM.; Ho, ].W.; Sun, B.S.; Sun, C.K,; Lee, T.K,; Poon, R.T.P.; Fan, S.T. Ischemia-Reperfusion of Small Liver
Remnant Promotes Liver Tumor Growth and Metastases — Activation of Cell Invasion and Migration Pathways. Liver Transplant.
2007, 13, 1669-1677. https://doi.org/10.1002/1t.21193.

Nicoud, I.B.; Jones, C.M.; Pierce, ] M.; Earl, T.M.; Matrisian, L.M.; Chari, R.S.; Gorden, D.L. Warm Hepatic Ischemia-Reperfusion
Promotes Growth of Colorectal Carcinoma Micrometastases in Mouse Liver via Matrix Metalloproteinase-9 Induction. Cancer
Res. 2007, 67, 2720-2728. https://doi.org/10.1158/0008-5472.CAN-06-3923.

Man, K,; Lo, C.M,; Xiao, ] W.; Ng, K.T.; Sun, B.S.; Ng, 1.O.; Cheng, Q.; Sun, C.K.; Fan, S.T. The Significance of Acute Phase Small-
for-Size Graft Injury on Tumor Growth and Invasiveness after Liver Transplantation. Ann. Surg. 2008, 247, 1049-1057.
https://doi.org/10.1097/SLA.0b013e31816ffab6 XXX.

Ushitora, Y.; Tashiro, H.; Ogawa, T.; Tanimoto, Y.; Kuroda, S.; Kobayashi, T.; Miyata, Y.; Itamoto, T.; Asahara, T.; Ohdan, H.
Suppression of Hepatocellular Carcinoma Recurrence after Rat Liver Transplantation by FTY720, a Sphingosine-1-Phosphate
Analog. Transplantation 2009, 88, 980-986. https://doi.org/10.1097/TP.0b013e3181b9ca69.

Man, K.; Co Shih, K;; Ng, K.T.P; Xiao, ]J W.; Guo, D.Y.; Sun, CK.W,; Lim, Z.X.H.; Cheng, Q.; Liu, Y.; Fan, S.T.; et al. Molecular
Signature Linked to Acute Phase Injury and Tumor Invasiveness in Small-for-Size Liver Grafts. Ann. Surg. 2010, 251, 1154-1161.
https://doi.org/10.1097/SLA.0b013e3181d96e3d.

Ghinolfi, D.; Rreka, E.; De Tata, V.; Franzini, M.; Pezzati, D.; Fierabracci, V.; Masini, M.; Cacciatoinsilla, A.; Bindi, M.L.; Marselli,
L.; et al. Pilot, Open, Randomized, Prospective Trial for Normothermic Machine Perfusion Evaluation in Liver Transplantation
From Older Donors. Liver Transplant. 2019, 25, 436-449. https://doi.org/10.1002/1t.25362.

Markmann, J.F.; Abouljoud, M.S.; Ghobrial, R.M.; Bhati, C.S.; Pelletier, S.J.; Lu, A.D.; Ottmann, S.; Klair, T.; Eymard, C.; Roll,
G.R; et al. Impact of Portable Normothermic Blood-Based Machine Perfusion on Outcomes of Liver Transplant: The OCS Liver
PROTECT Randomized Clinical Trial. JAMA Surg. 2022, 157, 189-198. https://doi.org/10.1001/jamasurg.2021.6781.

Dutkowski, P.; Polak, W.G.; Muiesan, P.; Schlegel, A.; Verhoeven, C.J.; Scalera, I.; Deoliveira, M.L.; Kron, P.; Clavien, P.A. First
Comparison of Hypothermic Oxygenated Perfusion versus Static Cold Storage of Human Donation after Cardiac Death Liver
Transplants. Ann. Surg. 2015, 262, 764-770. https://doi.org/10.1097/SLA.0000000000001473.

Guarrera, ].V.; Henry, S.D.; Samstein, B.; Reznik, E.; Musat, C.; Lukose, T.I.; Ratner, L.E.; Brown, R.S.; Kato, T.; Emond, J.C.
Hypothermic Machine Preservation Facilitates Successful Transplantation of “Orphan” Extended Criteria Donor Livers. Am. ].
Transplant. 2015, 15, 161-169. https://doi.org/10.1111/ajt.12958.

Nasralla, D.; Coussios, C.C.; Mergental, H.; Akhtar, M.Z.; Butler, A.]J.; Ceresa, C.D.L.; Chiocchia, V.; Dutton, S.J.; Garcia-
Valdecasas, J.C.; Heaton, N.; et al. A Randomized Trial of Normothermic Preservation in Liver Transplantation. Nature 2018,
557, 50-56. https://doi.org/10.1038/s41586-018-0047-9.

van Rijn, R.; Schurink, L].; de Vries, Y.; van den Berg, A.P.; Cortes Cerisuelo, M.; Darwish Murad, S.; Erdmann, J.I; Gilbo, N.;
de Haas, R.J.; Heaton, N.; et al. Hypothermic Machine Perfusion in Liver Transplantation — A Randomized Trial. N. Engl. |. Med.
2021, 384, 1391-1401. https://doi.org/10.1056/nejmoa2031532.

Czigany, Z.; Pratschke, J.; Fronék, J.; Guba, M.; Schoning, W.; Raptis, D.A.; Andrassy, J.; Kramer, M.; Strnad, P.; Tolba, R.H.; et
al. Hypothermic Oxygenated Machine Perfusion Reduces Early Allograft Injury and Improves Post-Transplant Outcomes in
Extended Criteria Donation Liver Transplantation From Donation After Brain Death: Results From a Multicenter Randomized
Controlled Trial (HOPE). Ann. Surg. 2021, 274, 705-712. https://doi.org/10.1097/SLA.0000000000005110.

Ravaioli, M.; Germinario, G.; Dajti, G.; Sessa, M.; Vasuri, F.; Siniscalchi, A.; Morelli, M.C.; Serenari, M.; Del Gaudio, M.; Zanfi,
C.; et al. Hypothermic Oxygenated Perfusion in Extended Criteria Donor Liver Transplantation — A Randomized Clinical Trial.
Am. ]. Transplant. 2022, 22, 2401-2408. https://doi.org/10.1111/ajt.17115.



J. Pers. Med. 2023, 13, 703 18 of 20

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Schlegel, A.; Mueller, M.; Muller, X.; Eden, ].; Panconesi, R.; von Felten, S.; Steigmiller, K.; Sousa Da Silva, R.X.; de Rougemont,
O.; Mabrut, ].Y,; et al. A Multicenter Randomized-Controlled Trial of Hypothermic Oxygenated Perfusion (HOPE) for Human
Liver Grafts before Transplantation. J. Hepatol. 2023, 78, 783-793. https://doi.org/10.1016/j.jhep.2022.12.030.

Patrono, D.; Lonati, C.; Romagnoli, R. Viability Testing during Liver Preservation. Curr. Opin. Organ Transplant. 2022, 27, 454—
465. https://doi.org/10.1097/mot.0000000000001004.

Patrono, D.; De Carlis, R.; Gambella, A.; Farnesi, F.; Podesta, A.; Lauterio, A.; Tandoi, F.; De Carlis, L.; Romagnoli, R. Viability
Assessment and Transplantation of Fatty Liver Grafts Using End-Ischemic Normothermic Machine Perfusion. Liver Transplant.
2022, Epub ahead of print. https://doi.org/10.1002/1t.26574.

Fodor, M.; Cardini, B.; Peter, W.; Weissenbacher, A.; Oberhuber, R.; Hautz, T.; Otarashvili, G.; Margreiter, C.; Maglione, M.;
Resch, T.; et al. Static Cold Storage Compared with Normothermic Machine Perfusion of the Liver and Effect on Ischaemic-
Type Biliary Lesions after Transplantation: A Propensity Score-Matched Study. Br. . Surg. 2021, 108, 1082-1089.
https://doi.org/10.1093/bjs/znab118.

Dondossola, D.; Ravaioli, M.; Lonati, C.; Maroni, L.; Pini, A.; Accardo, C.; Germinario, G.; Antonelli, B.; Odaldi, F.; Zanella, A.;
et al. The Role of Ex Situ Hypothermic Oxygenated Machine Perfusion and Cold Preservation Time in Extended Criteria
Donation After Circulatory Death and Donation After Brain Death. Liver Transplant. 2021, 27, 1130-1143.
https://doi.org/10.1002/1t.26067.

Ravaioli, M.; De Pace, V.; Angeletti, A.; Comai, G.; Vasuri, F.; Baldassarre, M.; Maroni, L.; Odaldi, F.; Fallani, G.; Caraceni, P.; et
al. Hypothermic Oxygenated New Machine Perfusion System in Liver and Kidney Transplantation of Extended Criteria
Donors:First Italian Clinical Trial. Sci. Rep. 2020, 10, 6063. https://doi.org/10.1038/s41598-020-62979-9.

Rayar, M.; Maillot, B.; Bergeat, D.; Camus, C.; Houssel-Debry, P.; Sulpice, L.; Meunier, B.; Boudjema, K. A Preliminary Clinical
Experience Using Hypothermic Oxygenated Machine Perfusion for Rapid Recovery of Octogenarian Liver Grafts. Prog.
Transplant. 2019, 29, 97-98. https://doi.org/10.1177/1526924818817072.

Patrono, D.; Roggio, D.; Mazzeo, A.T.; Catalano, G.; Mazza, E.; Rizza, G.; Gambella, A.; Rigo, F.; Leone, N.; Elia, V.; et al. Clinical
Assessment of Liver Metabolism during Hypothermic Oxygenated Machine Perfusion Using Microdialysis. Artif. Organs 2022,
46, 281-295. https://doi.org/10.1111/aor.14066.

Patrono, D.; Catalano, G.; Rizza, G.; Lavorato, N.; Berchialla, P.; Gambella, A.; Caropreso, P.; Mengozzi, G.; Romagnoli, R.
Perfusate Analysis during Dual Hypothermic Oxygenated Machine Perfusion of Liver Grafts: Correlations with Donor Factors
and Early Outcomes. Transplantation 2020, 104, 1929-1942. https://doi.org/10.1097/TP.0000000000003398.

Patrono, D.; Zanierato, M.; Vergano, M.; Magaton, C.; Diale, E.; Rizza, G.; Catalano, S.; Mirabella, S.; Cocchis, D.; Potenza, R.; et
al. Normothermic Regional Perfusion and Hypothermic Oxygenated Machine Perfusion for Livers Donated After Controlled
Circulatory Death With Prolonged Warm Ischemia Time: A Matched Comparison With Livers From Brain-Dead Donors.
Transpl. Int. 2022, 35, 10390. https://doi.org/10.3389/ti.2022.10390.

Patrono, D.; Cussa, D.; Sciannameo, V.; Montanari, E.; Panconesi, R.; Berchialla, P.; Lepore, M.; Gambella, A.; Rizza, G.; Catalano,
G.; et al. Outcome of Liver Transplantation with Grafts from Brain-Dead Donors Treated with Dual Hypothermic Oxygenated
Machine Perfusion, with Particular Reference to Elderly Donors. Am. |[. Transplant. 2022, 22, 1382-1395.
https://doi.org/10.1111/ajt.16996.

Patrono, D.; Surra, A.; Catalano, G.; Rizza, G.; Berchialla, P.; Martini, S.; Tandoi, F.; Lupo, F.; Mirabella, S.; Stratta, C.; et al.
Hypothermic Oxygenated Machine Perfusion of Liver Grafts from Brain-Dead Donors. Sci. Rep. 2019, 9, 9337.
https://doi.org/10.1038/s41598-019-45843-3.

Patrono, D.; Lavezzo, B.; Molinaro, L.; Rizza, G.; Catalano, G.; Gonella, F.; Salizzoni, M.; Romagnoli, R. Hypothermic
Oxygenated Machine Perfusion for Liver Transplantation: An Initial Experience. Exp. Clin. Transplant. 2017, 16, 172-176.
https://doi.org/10.6002/ect.2016.0347.

Schlegel, A.; Muller, X.; Kalisvaart, M.; Muellhaupt, B.; Perera, M.T.P.R,; Isaac, ].R.; Clavien, P.A.; Muiesan, P.; Dutkowski, P.
Outcomes of DCD Liver Transplantation Using Organs Treated by Hypothermic Oxygenated Perfusion before Implantation. J.
Hepatol. 2019, 70, 50-57. https://doi.org/10.1016/j.jhep.2018.10.005.

Rayar, M.; Beaurepaire, ].M.; Bajeux, E.; Hamonic, S.; Renard, T.; Locher, C.; Desfourneaux, V.; Merdrignac, A.; Bergeat, D.;
Lakehal, M.; et al. Hypothermic Oxygenated Perfusion Improves Extended Criteria Donor Liver Graft Function and Reduces
Duration of Hospitalization Without Extra Cost: The PERPHO Study. Liver Transplant. 2021, 27, 349-362.
https://doi.org/10.1002/1t.25955.

Hofmann, J.; Otarashvili, G.; Meszaros, A.; Ebner, S.; Weissenbacher, A.; Cardini, B.; Oberhuber, R.; Resch, T; Ofner, D.;
Schneeberger, S.; et al. Restoring Mitochondrial Function While Avoiding Redox Stress: The Key to Preventing
Ischemia/Reperfusion Injury in Machine Perfused Liver Grafts? Int. ]J. Mol Sci. 2020, 21, 3132.
https://doi.org/10.3390/ijms21093132.

Mueller, M.; Kalisvaart, M.; O'Rourke, J.; Shetty, S.; Parente, A.; Muller, X,; Isaac, J.; Muellhaupt, B.; Muiesan, P.; Shah, T.; et al.
Hypothermic Oxygenated Liver Perfusion (HOPE) Prevents Tumor Recurrence in Liver Transplantation From Donation After
Circulatory Death. Ann. Surg. 2020, 272, 759-765. https://doi.org/10.1097/SLA.0000000000004258.

Olthoff, K.M.; Kulik, L.; Samstein, B.; Kaminski, M.; Abecassis, M.; Emond, J.; Shaked, A.; Christie, ].D. Validation of a Current
Definition of Early Allograft Dysfunction in Liver Transplant Recipients and Analysis of Risk Factors. Liver Transplant. 2010, 16,
943-949. https://doi.org/10.1002/1t.22091.



J. Pers. Med. 2023, 13, 703 19 of 20

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Khwaja, A. KDIGO Clinical Practice Guidelines for Acute Kidney Injury. Nephron—Clin. Pract. 2012, 120, 179-184.
https://doi.org/10.1159/000339789.

Agopian, V.G.; Markovic, D.; Klintmalm, G.B.; Saracino, G.; Chapman, W.C.; Vachharajani, N.; Florman, S.S.; Tabrizian, P.;
Haydel, B.; Nasralla, D.; et al. Multicenter Validation of the Liver Graft Assessment Following Transplantation (L-GrAFT) Score
for Assessment of Early Allograft Dysfunction. J. Hepatol. 2021, 74, 881-892. https://doi.org/10.1016/j.jhep.2020.09.015.

Dindo, D.; Demartines, N.; Clavien, P.A. Classification of Surgical Complications: A New Proposal with Evaluation in a Cohort
of 6336 Patients and Results of a Survey. Ann. Surg. 2004, 240, 205-213. https://doi.org/10.1097/01.51a.0000133083.54934.ae.
Slankamenac, K.; Graf, R.; Barkun, J.; Puhan, M.A.; Clavien, P.A. The Comprehensive Complication Index: A Novel Continuous
Scale to Measure Surgical Morbidity. Ann. Surg. 2013, 258, 1-7. https://doi.org/10.1097/SLA.0b013e318296c732.

Rao, K.V.; Anderson, W.R.; Kasiske, B.L.; Dahl, D.C. Value of Liver Biopsy in the Evaluation and Management of Chronic Liver
Disease in Renal Transplant Recipients. Am. ]. Med. 1993, 94, 241-250. https://doi.org/10.1016/0002-9343(93)90055-T.

de Vries, Y.; von Meijenfeldt, F.A.; Porte, R.J. Post-Transplant Cholangiopathy: Classification, Pathogenesis, and Preventive
Strategies. Biochim. Biophys. Acta—Mol. Basis Dis. 2018, 1864, 1507-1515. https://doi.org/10.1016/j.bbadis.2017.06.013.

Feng, S.; Goodrich, N.P.; Bragg-Gresham, J.L.; Dykstra, D.M.; Punch, ].D.; DebRoy, M.A.; Greenstein, 5S.M.; Merion, R.M.
Characteristics Associated with Liver Graft Failure: The Concept of a Donor Risk Index. Am. |. Transplant. 2006, 6, 783-790.
https://doi.org/10.1111/j.1600-6143.2006.01242.x.

De Carlis, R.; Schlegel, A.; Frassoni, S.; Olivieri, T.; Ravaioli, M.; Camagni, S.; Patrono, D.; Bassi, D.; Pagano, D.; Di Sandro, S.;
et al. How to Preserve Liver Grafts from Circulatory Death with Long Warm Ischemia? A Retrospective Italian Cohort Study
with Normothermic Regional Perfusion and Hypothermic Oxygenated Perfusion. Transplantation 2021, 105, 2385-2396.
https://doi.org/10.1097/TP.0000000000003595.

Denz, R.; Klaafien-Mielke, R.; Timmesfeld, N. A Comparison of Different Methods to Adjust Survival Curves for Confounders.
Stat. Med. 2023, Epub ahead of print. https://doi.org/10.1002/sim.9681.

Kaplan, D.; Chen, ]J. Bayesian Model Averaging for Propensity Score Analysis. Multivariate Behav. Res. 2014, 49, 505-517.
https://doi.org/10.1080/00273171.2014.928492.

Silverstein, J.; Roll, G.; Dodge, J.L.; Grab, ].D.; Yao, F.Y.; Mehta, N. Donation After Circulatory Death Is Associated With Similar
Posttransplant Survival in All but the Highest-Risk Hepatocellular Carcinoma Patients. Liver Transplant. 2020, 26, 1100-1111.
https://doi.org/10.1002/1t.25819.

Doi, K.; Horiuchi, T.; Uchinami, M.; Tabo, T.; Kimura, N.; Yokomachi, J.; Yoshida, M.; Tanaka, K. Neutrophil Elastase Inhibitor
Reduces Hepatic Metastases Induced by Ischaemia-Reperfusion in Rats. Eur. [ Surg. 2002, 168, 507-510.
https://doi.org/10.1080/110241502321116541.

Tang, Y.; Wang, T.; Ju, W.; Li, F.; Zhang, Q. Ischemic-Free Liver Transplantation Reduces the Recurrence of Hepatocellular
Carcinoma After Liver Transplantation. Front. Oncol. 2021, 11, 773535. https://doi.org/10.3389/fonc.2021.773535.

Kornberg, A.; Witt, U.; Kornberg, J.; Friess, H.; Thrum, K. Extended Ischemia Times Promote Risk of HCC Recurrence in Liver
Transplant Patients. Dig. Dis. Sci. 2015, 60, 2832-2839. https://doi.org/10.1007/s10620-015-3541-z.

Kornberg, A.; Witt, U.; Kornberg, J.; Friess, H.; Thrum, K. Treating Ischaemia-Reperfusion Injury with Prostaglandin E1 Reduces
the Risk of Early Hepatocellular Carcinoma Recurrence Following Liver Transplantation. Aliment. Pharmacol. Ther. 2015, 42,
1101-1110. https://doi.org/10.1111/apt.13380.

Nagai, S.; Yoshida, A.; Facciuto, M.; Moonka, D.; Abouljoud, M.S.; Schwartz, M.E.; Florman, S.S. Ischemia Time Impacts
Recurrence of Hepatocellular ~Carcinoma after Liver Transplantation. Hepatology 2015, 61, 895-904.
https://doi.org/10.1002/hep.27358.

Orci, L.A.; Berney, T.; Majno, P.E.; Lacotte, S.; Oldani, G.; Morel, P.; Mentha, G.; Toso, C. Donor Characteristics and Risk of
Hepatocellular Carcinoma Recurrence after Liver Transplantation. Br. J. Surg. 2015, 102, 1250-1257.
https://doi.org/10.1002/bjs.9868.

Khorsandji, S.E.; Yip, V.S.; Cortes, M.; Jassem, W.; Quaglia, A.; O’Grady, ]J.; Heneghan, M.; Aluvihare, V.; Agarwal, K.; Menon,
K.; et al. Does Donation after Cardiac Death Utilization Adversely Affect Hepatocellular Cancer Survival? Transplantation 2016,
100, 1916-1924. https://doi.org/10.1097/TP.0000000000001150.

Grat, M.; Krawczyk, M.; Wronka, K.M.; Styputkowski, ].; Lewandowski, Z.; Wasilewicz, M.; Krawczyk, P.; Grat, K.; Patkowski,
W.; Zieniewicz, K. Ischemia-Reperfusion Injury and the Risk of Hepatocellular Carcinoma Recurrence after Deceased Donor
Liver Transplantation. Sci. Rep. 2018, 8, 8935. https://doi.org/10.1038/s41598-018-27319-y.

Liu, H,; Ling, C.C.; Yeung, W.H.O,; Pang, L.; Liu, J.; Zhou, J.; Zhang, W.Y,; Liu, X.B.; Ng, T.P.K,; Yang, X.X.; et al. Monocytic
MDSC Mobilization Promotes Tumor Recurrence after Liver Transplantation via CXCL10/TLR4/MMP14 Signaling. Cell Death
Dis. 2021, 12, 489. https://doi.org/10.1038/s41419-021-03788-4.

Ghinolfi, D.; Lai, Q.; Dondossola, D.; De Carlis, R.; Zanierato, M.; Patrono, D.; Baroni, S.; Bassi, D.; Ferla, F.; Lauterio, A.; et al.
Machine Perfusions in Liver Transplantation: The Evidence-Based Position Paper of the Italian Society of Organ and Tissue
Transplantation. Liver Transplant. 2020, 26, 1298-1315. https://doi.org/10.1002/1t.25817.

Rodriguez-Peralvarez, M.; De La Mata, M.; Burroughs, A K. Liver Transplantation: Immunosuppression and Oncology. Curr.
Opin. Organ Transplant. 2014, 19, 253-260. https://doi.org/10.1097/MOT.0000000000000069.

Yan, X.; Huang, S.; Yang, Y.; Lu, Z; Li, F; Jiang, L.; Jiang, Y.; Liu, J. Sirolimus or Everolimus Improves Survival After Liver
Transplantation for Hepatocellular Carcinoma: A Systematic Review and Meta-Analysis. Liver Transplant. 2022, 28, 1063-1077.
https://doi.org/10.1002/1t.26387.



J. Pers. Med. 2023, 13, 703 20 of 20

80.

81.

82.

83.

Abrahamsson, J.; Sternby Eilard, M.; Rizell, M.; Bennett, W.; Aberg, F. Reduced Calcineurin Inhibitor Exposure with Antibody
Induction and Recurrent Hepatocellular Carcinoma after Liver Transplantation. Scand. |. Gastroenterol. 2022, 57, 325-332.
https://doi.org/10.1080/00365521.2021.2010799.

Lee, J.Y.; Kim, Y.H. Yi, NJ; Kim, H.S.; Lee, H.S.; Lee, BK,; Kim, H.; Choi, Y.R;; Hong, G.; Lee, KW.; et al. Impact of
Immunosuppressant Therapy on Early Recurrence of Hepatocellular Carcinoma after Liver Transplantation. Clin. Mol. Hepatol.
2014, 20, 192-203. https://doi.org/10.3350/cmh.2014.20.2.192.

Lai, Q.; Viveiros, A.; lesari, S.; Vitale, A.; Mennini, G.; Onali, S.; Hoppe-Lotichius, M.; Colasanti, M.; Manzia, T.M.; Mocchegiani,
F.; et al. Prognostic Factors for 10-Year Survival in Patients With Hepatocellular Cancer Receiving Liver Transplantation. Front.
Oncol. 2022, 27, 877107. https://doi.org/10.3389/fonc.2022.877107.

He, T.; Zou, J,; Sun, K.; Yang, J.; Lei, T.; Xu, L.; Liu, J.; Yin, S.; Li, G. Global Research Status and Frontiers on Microvascular
Invasion of Hepatocellular Carcinoma: A Bibliometric and Visualized Analysis. Front. Oncol. 2022, 12, 1037145.
https://doi.org/10.3389/fonc.2022.1037145.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



