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Abstract

Background. Liver transplantation remains a priority treatment option
for hepatocellular carcinoma in the presence of liver cirrhosis; yet
precise outcome prediction post-operation continues to be a complex
challenge. Existing prognostic model often overlook patient age and
donor type. Enhanced models that incorporate these parameters can
improve prediction accuracy and treatment efficacy, which is critically
important in the dynamically evolving field of transplantation.

Objective. The aim of this study is to develop a prognostic model for liver
transplantation outcomes in patients with hepatocellular carcinoma and
liver cirrhosis.

Material and methods. This retrospective study included 69 patients with

hepatocellular carcinoma on the background of liver cirrhosis who
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underwent liver transplantation between May 2010 and December 2022. Of
these, 42 patients (61%) received organs from living donors, and 27 (39%)
from deceased donors. The study involved analysis of alpha-fetoprotein
levels in blood, as well as assessment of radiological (maximum tumor
nodule size, number of nodules) and histological parameters (maximum
tumor nodule size, number of nodules, presence of vascular invasion). Cox
regression model was used to predict recurrence-free survival, and the
results for five-year recurrence-free survival, recipient age, and donor type
were reused in the Cox model to predict overall survival.

Results. Four models for predicting recurrence-free survival and overall
survival based on histological and radiological data were developed,
demonstrating high prognostic value with C-indexes on training/test data
of 0.76/1; 0.73/1; 0.78/0.8; 0.6/0.8 respectively. All models showed
recurrence-free survival prediction accuracy comparable to the Milan
criteria. The model outcomes are available as a calculator on the website
https://nadit.ru/calculate HCC.

Conclusion. The developed prognostic models are vital tools for
personalized outcome prediction after liver transplantation for
hepatocellular carcinoma. To enhance the accuracy of these models,
further amalgamation and validation of data from various medical
centers, as well as open scientific collaboration, are necessary.
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AFP, alpha-fetoprotein

RFS, recurrence-free survival
HCC, hepatocellular carcinoma
LD, living donors

IQR, interquartile range

CT, computed tomography

OS, overall survival

PD, posthumous donors

Introduction

Hepatocellular carcinoma (HCC) is one of the most aggressive
types of liver cancer and one of the leading causes of death from
malignant tumors. Liver transplantation is one of the priority treatment
options for patients with HCC due to liver cirrhosis, but the efficacy of
this approach strongly depends on the extent of the tumor process [1-5].

Existing studies highlight the importance of a comprehensive
assessment of a number of factors, including tumor size, tumor number,
and blood alpha-fetoprotein (AFP) levels in predicting recurrence-free
survival (RFS). However, overall survival (OS) is also influenced by
other factors such as age, severity of the recipient's condition (MELD
score), diabetes mellitus, gender, donor type and other parameters [6, 7].

The effect of donor type on OS is described in the study by A.
Humar et al. [8] . They conducted a retrospective review of all living
donor (LD) (n=245) and posthumous donor (PD) (n=592) adult recipient
transplants performed over a 10-year period (2009-2019). OS was
analyzed, as well as other outcome characteristics, such as the hospital
length of stay, frequency and structure of complications, etc. The results
showed that OS of patients was higher after liver transplantation from
LDs (3-year survival rate of 86% versus 80%, p=0.03). In addition,
shorter hospital stays, less need for blood transfusion and post-transplant

hemodialysis were observed [8] .



Meanwhile, such a parameter as the donor type was not previously
taken into account in prognostic models. This aspect is of particular
importance given that the choice between living and deceased donor
transplantation can significantly influence treatment outcomes. Including
this factor in analytical models may be useful for more detailed and
accurate prediction of patient survival after surgery.

In our study, we aimed to create a predictive model that both could
help clinicians to more accurately guide prognosis, and would also provide
patients and their families with important information that could influence
decision making, especially in cases where living donor transplantation is
being considered. Thus, our study aims to improve the understanding of
liver transplantation outcomes for clinicians and patients.

The objective was to develop a prognostic model for liver
transplantation outcomes in patients with hepatocellular carcinoma and

liver cirrhosis.

Material and methods

Study design

The study was a retrospective, single-center analysis including data
from 69 patients diagnosed with HCC secondary to cirrhosis who
underwent liver transplantation between May 2010 and December 2022.
This sample represents 14% of the total number of transplantations
performed at Burnasyan Federal Medical Biophysical Center of Federal
Medical Biological Agency during this period. A.l. Burnasyan. Of these,
42 patients received transplants from LD and 27 from PD. The information
on donor and recipient characteristics, cancer prevalence, and transplant
outcomes was extracted from the local Liver Transplant Registry.

The following were defined as key endpoints:



1. Recurrent HCC diagnosed based on re-detection of the tumor using
computed tomography (CT) of the chest and abdomen with
intravenous contrast or based on autopsy results.

2. Death of the recipient.

To monitor the condition of patients after liver transplantation, a
regular examination protocol was used at 6-month intervals. In some
cases (4 patients), CT results were assessed remotely. Registration of
outcomes was limited to March 2023, which provided a sufficient time
period to monitor the dynamics of the patients' condition.

The study consisted of two stages.

At the first stage of the study, RFS was predicted by preoperative
radiological and post-transplant histological parameters, for which the
Cox proportional hazards model was used. The analyzed parameters
included the size of the largest tumor node, the number of nodes, and the
blood level of AFP; vascular invasion was assessed only based on
histological data. In the second phase of the study, we used the prediction
result of 5-year RFS as one of the key predictors in the Cox regression
model in predicting OS, along with other important factors such as a

patient age and donor type

Statistical data processing

Python programming language (version 3.8) was used in the study
for data processing and analysis. To build up and evaluate prognostic
models, we used the lifelines module, a specialized Python library for
assessing survival, specifically, Cox Proportional Hazards model,
CoxPHFitter.

The predictive ability of our developed models was assessed based
on their Harrell fit index (C-index). To improve the accuracy of the C-

index estimate, especially in the context of a limited sample size, we used



a 10-fold block validation method combined with a bootstrap method.
The bootstrap method, which includes 1000 repetitions, allows us to take
into account the internal variability of the sample, thereby increasing the
reliability and stability of estimates in conditions of limited data. During
each bootstrap iteration, a subsample was randomly drawn from the
original data set and returned. For each such subsample, the C-index was
calculated using a Cox model trained specifically on this subsample.
Then, based on the calculated C-indexes, the mean C-index and its
corresponding 95% confidence interval were obtained.

Quantitative variables were presented as median (Me) and
interquartile range (IQR); where necessary, the minimum and maximum
values (min—-max) were given. For qualitative parameters, absolute
frequencies and percentages were given.

The statistical significance of differences in quantitative and
qualitative characteristics in two independent samples was assessed using
the nonparametric two-sided Mann-Whitney test and the two-sided
Fisher exact test, respectively.

Recurrence-free and overall survival rates were calculated using the
Kaplan—Meier method. Differences in survival between two independent
groups were assessed using the Log-rank test.

Differences were considered statistically significant at p<0.05.

Results

Characteristics of cases, and transplantation results

During the follow-up period, 18 tumor recurrence cases were
recorded, being diagnosed within a period from 1 to 76 months (median
22, IQR: 9.5; 40.5) after transplantation. Twenty-one patients died in the
period ranged from 1 to 79 months (median 17, IQR: 4;26), of which 13

had recurrent HCC; 43 patients survived without signs of recurrence.



Preoperative characteristics of patients in the study cohort and

observation groups are presented in Table. 1.

Table 1. Preoperative characteristics of patients and prevalence of

hepatocellular carcinoma in the study cohort and observation groups

All cases

LDs

PDs

Parameter (n=69) (n=42) (n=27) P
Age at the time of transplantation, years 52.0 (48.0;58.0) 51.0 (47.0;57.8) 56.0 (49.0;59.5) 0.104
Me (IQR) (min-max ) (32-68) (32-68) (39-67) '
Male gender, n (%) 44 (63.8%) 25 (59.5%) 19 (70.4%) 0.445
cirrhosis as a result of viral hepatitis, n (%) 66 (95.7%) 42 (100%) 24 (89%) 0.06
- HCV 42 (60.9%) 23 (54.8%) 19 (70.4%) 0.21
- HBV 5 (7.2%) 3 (7.1%) 2 (7.4%) 1.000
— HBV+HCV 2 (2.9%) 1 (2.4%) 1 (3.7%) 1.000
- HDV 17 (24.6%) 15 (35.7%) 2 (7.4%) 0.009
Child-Pugh Class:
A, n (%) 16 (23.2%) 10 (23.8%) 6 (22.2%) 1.000
B, n (%) 35 (50.7%) 22 (52.4%) 13 (48.1%) 1.000
C,n (%) 18 (26.1%) 10 (23.8%) 8 (29.6%) 0.6
) A 13.0 (11.0;17.9) 13.0 (10.8;18.2) 13.0 (11.0;16.9)
MELD-Na, scores, Me (IQR) (min—-max) (6.0-42.7) (6.0-42.7) (7.7-24.3) 0.883
Number of tumor nodes (CT), Me (IQR) 2.0 (1.0;3.0) 2.0 (1.0;3.0) (0.0- 2.0 (1.0;4.0) 0.412
(min-max)* (0.0-10.0) 10.0) (0.0-10.0) '
Diameter of the largest tumor node (CT), 3.5 (1.8;5.0) 3.5(2.1;5.2) 3.5 (1.6;4.6) 0.359
cm, Me (IQR) (min—max)* (0-11.6) (0-11.6) (0-8.3) :
XZicular invasion according to CT data, n 6 (8.7%) 6 (14.3%) 0 (0.0%) 0.075
Number of tumor nodes (Hist.), Me (IQR) 1.0 (1.0;3.0) 1.0 (1.0;2.0) 2.0 (1.0;3.0) 0641
(min—-max)* (0-10) (0-10) (0-10) :
Diameter of the largest tumor node (Hist.), 3.0 (2.0;4.8) 3.2 (2.0;5.0) 3.0 (1.5;4.1) 0.343
cm, Me (IQR) (min—max)* (0-10.0) (0-10.0) (0-6.0) '
Macrovascular invasion according to 3 Q Q
histology data, n (%) 5 (7.2%) 4 (9.5%) 1 (3.7%) 0.641
Microvascular invasion according to " o 0
histology data, n (%) 7 (10.1%) 3 (7.1%) 4 (14.8%) 0.42
Vascular invasion according to histology o % %
data, n (%) 11 (15.9%) 6 (14.3%) 5 (18.5%) 0.74
Affected lymph nodes according to - " 0
histology data, n (%) 5 (7.2%) 2 (4.8%) 3 (11.1%) 0.373
40.1 . 41.4
AFP, ng/mL, Me (IFR) (min-max) (17.8:162.2) 33%_1143%2153')1) (35.4:110.0) 0.98
(2.4-13626.0) ) ) (2.4-10392.8)
Recurrence, n (%) 18 (26.1%) 10 (23.8%) 8 (29.6%) 0.589
Meeting the Milan criteria, CT, n (%) 25 (36.2%) 14 (33.3%) 11 (40.7%) 0.611
Meeting the Milan criteria, Hist., n (%) 40 (58.0%) 23 (54.8%) 17 (63.0%) 0.619
Donor age at the time of transplantation, 41.5 (29.0;51.0) 36.0 (28.0;47.0) 46.0 (39.0;57.5) 0.01
years, Me (IQR) (min-max) (21.0-63.0) (21.0-63.0) (21.0-63.0) :
Cold ischemia time, hours, Me (IQR) 1.8 (1.2;8.0) 1.2 (0.9;1.6) 8.0 (7.3;9.8) <0001
(min—max) (0.5-13.5) (0.5-2.5) (3.0-13.5) ]
Waiting time for transplantation, months, 1.0 (1.0;6.0) 1.0 (1.0;1.0) 9 (2.5;12.5) <0.001
Me (IQR) (min—-max) (0-33) (0-7.0) (0-33) )

Notes: * Value 0 for non-viable tumor nodes after successful “downstaging” or “bridge therapy”.

Quantitative parameters are presented as Me (IQR) (min-max); the significance level p was calculated
when comparing between the groups of patients who received a liver graft from a living or posthumous

donor




As can be seen from Table 1, the patients who received a liver graft
from a living donor had shorter transplant waiting times, a lower donor
age, and shorter cold ischemia time. Meanwhile, tumor characteristics
and blood levels of alpha-fetoprotein were similar between the groups.

In our study, we found that donor type had an impact on the OS of
patients after liver transplantation. However, the type of donor had no
impact on RFS (Fig. 1, Table 2).

Table 2. Overall and recurrence-free survival of patients depending
on the donor type

Survival rate, % (95% [CI])

Observation group n (OF] RFS ((gS) (Rlp:S)
1 year 3years | 5years 1 year 3years | 5years
Living donor. HCC 42 88 82 82 92 80 63
Y ' [73-95] [65-91] | [66-91] | [78-97] | [61-90] | [40-79] 0.04 0.58
Posthumous donor, 27 85 63 49 84 [58- 69 62 ' '
HCC [59-92] [41-79] | [25-69] 91] [46-84] | [37-80]
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Fig. 1. Overall and recurrence-free survival of patients depending on

the donor type




As can be seen from Table 2 and Fig. 1, the patients who had
received liver grafts from LD have a better 5-year OS (82%, p=0.04,
statistically significant) compared to patients who had received liver
grafts from PD and had a 5-year OS of 49%. RFS did not show a
statistically significant difference (p=0.58) between the groups, with the
5-year RFS being 63% for LD and 62% for PD. The histological data
analysis revealed that 5 patients had metastases in the lymph nodes. All
patients with such metastases died within 2 years after transplantation due
to HCC progression. To ensure the scientific integrity and accuracy of the
results, these patients were excluded from the second phase of the study,
and their radiological data were retained in the first part of the analysis.

Due to the small number of cases of CT-diagnosed macrovascular
invasion, we decided not to include these data in the analysis. As for
histological data, the cases of macro- and microvascular invasion were
combined.

There were 4 models created:

"Rad. RFS model” trained on radiological data (diameter of the

largest tumor node, number of tumor nodes) and AFP;

o "Rad. OS model” trained on the prediction results of the previous
model and such parameters as the donor type and the recipient age;

o "Hist. RFS model” trained on histological data (diameter of the
largest tumor node, number of tumor nodes, vascular invasion) and
AFP;

o "Hist. OS model” trained on the prediction results of the previous
model and such parameters as the donor type and the recipient age.
The training/testing samples for models trained on radiological and

histological data were 55/14 and 51/13, respectively. The results of model

development are presented in Table 3.



C-indices for models of the training and testing samples for the
groups "rad. RFS", "rad. OS", "hist. RFS", "hist. OS" were 0.76/1; 0.73/1,
0.78/0.8; 0.6/0.8, respectively.

Table 3. Comparative analysis of predictors for assessing overall and

recurrence-free survival rates after liver transplantation

RES
. Radiological data (n=55) Histological data (n=51)
Variable “Rad. RFS" “Hist"" RFS"
. Mean C- - Average C-
Coefficient (Error ((igr]lgfé( index Coefficient (Error of ((ig_r]lgfé( index
p of the Mean) [CI] cv) ' | (bootstrap, p the Mean) [Cl] cv) ! (bootstrap ,
[C1]) [C1])
Diameter of the
0.39 (0.12) 0.121 (0.153)
Laorgsst tumor 0.0009 [0.16-0.62] 0.428 [-0.178-0.42]
4
1.5x10* (8.5x105) Ly e A
009 | 15105 3x104 | 0.4 0.77 [N ) 0.77 0.8
AFP ' : [0.63-0.9] [-3.3x10°-3.1x10] ‘ [0.62-0.95]
Number of tumor 0.09 (0.08) 0.253 (0.122) [0.015-
nodes el [-0.1-0.24] e 0.492]
Vascular _ _ 0293 0.857 (0.815)
invasion ) [-0.74-2.455]
0S
Variable Radiological data (n=55) Histological data (n=51)
“Rad., OS” “Hist., OS”
Age at time of 001 0.09 (0.03) 022 0.81 (0.56)
transplant ) [0.02-0.14] ) [-0.28-1.89]
Forecast for 5 -0.02 (0.009) 0.75 -0.01 (0.01) 0.65
vearsRFSin% | %% | [-0.039-0.005] 0.7 | 1063-0.88] | >3 [-0.03-0.11] 0.72 | [0.49-0.82]
001 1.21 (0.5) 0.81 (0.56)
Donor type ) [0.27-2.2] 0.15 [-0.28-1.89]

Note: CV, cross-validation

Table 3 shows that almost all radiological data variables, with the
exception of the number of nodes and AFP, showed the statistical
significance of differences. At the same time, of the histological data,
only the number of nodes turned out to be a significant predictor, which
was due to the exclusion of patients with lymph node invasion from the
study. These patients had higher AFP values and larger maximum tumor
sizes. Since they were excluded from the histological data analysis, this
resulted in the lack of statistical significance for all parameters based on
the histological data. Despite this, it was possible to achieve an acceptable
level of C-index based on both radiological and histological data, which

confirmed the predictive value of the models. Increasing the number of




patients in future studies, in our opinion, will improve the models and

increase their accuracy.

Comparison with Milan criteria

To objectively assess the predictive value of the models we
developed as compared to the Milan criteria being the established
standard, a ROC analysis was made. The study included patients who
survived the 3-year survival threshold or had recurrence during any
follow-up period, allowing us to estimate the cut-off point for predicting
RFS. Thus, the threshold value was set at a level of at least 49% for “rad.
RFS" for “rad. RFS", and at a level no less than 71% for " hist. RFS".

A similar analysis was performed for patients who either survived
more than 3 years or died during this period to determine the OS
threshold. The values were: at least 69% for “rad. OS" and at least 75%
for "hist. OS". The percentage of patients meeting these new criteria
compared to the Milan criteria is shown in Fig. 2.

All developed models demonstrated the significance in predicting
RFS comparable to the Milan criteria (p>0.05). The "hist. RFS", "rad.
OS", and "hist. OS" models deserved special attention, as they were
highly effective in predicting overall survival (p<0.05), as the analysis
showed, which is presented in detail in Table 4 and Fig. 3.



100
80
g .
§° o0 60.9% s80%
g 49.3% 46.4% 46.4%
g a0 36.2%
20
! % = o 5 B S
(s) (sl
Qg & ) ;}'0 qﬁ b'o \3\}
Q:bb o e @"’V _F &
L
& +
b_.
& ¥

Fig. 2. Proportion of patients with hepatocellular carcinoma who met

the developed criteria and the Milan criteria

As shown in Fig. 2, the lowest fit among patients meeting the
Milan criteria based on radiological findings was 36.2%. The greatest fit
among the new models was observed for “rad. RFS" (60.9%). For the
model “rad. OS", the fit was 46.4%. According to histological data, most
patients met the Milan criterion (58.0%). The fit with the new model of
“hist. OS" was 49.3%, and that of "hist. RFS"was 46.4%.

Table 4. Recurrence-free and overall survival of patients depending on
the criteria

Models Consistent-with- Survival rate, % (95% [CI])
z?\nd' ST SEiE Overall Recurrence-free
criteria 1 year 3 years 5 years p 1 year 3 years 5 years p
Consistent with the 85 7 72 93 92 82
Rad. criterion [70-93] [60-87] | [54-88] 5 [78-97] [78-97] [59-92] | ;405
RFS Inconsistent with 89 68 50 ' 81 50 33 '
the criterion [69-96] [44-84] [22-75] [60-92] [27-69] [12-56]
Consistent with the 87 83 78 100 99 87
Hist. criterion [70-95] [65-93] [57-90] 0.04 [100-100] [95-100] [68-97] <0.005
RFS Inconsistent with 86 65 58 ' 78 [60-88] 55 40 ’
the criterion [70-94] [45-79] [35-75] [35-71] [19-61]
Consistent with the 87 84 84 97 88 82
criterion [70-95] [65-93] | [65-93] [79-100] [68-96] [66-93]
Rad. 0S Inconsistent with 86 65 50 <0.005 80 [62-90] 64 45 001
the criterion [70-94] [45-79] [25-70] [44-79] [23-65]
Consistent with the 92 88 88 100 92 80
. criterion [76-97] [71-95] [71-95] [100-100] [73-98] [63-92]
Hist- OS I Consistent with 79 58 44 UL 74 57 44 S
the criterion [60-90] [38-74] [21-64] [53-86] [36-73] [23-64]
Rad. Consistint 'with the [668896] [567890] [567890] [69919 3 [69919 3 [699198]
: criterion — — — — — —
crthélggn Inconsistent with 86 71 56 L 86 65] 37 L
the criterion [72-93] [58-83] [31-75] [71-94] 46-79] [15-60]
Hi Consistent with the 87 76 68 95 88 73
M:Isz;n criterion [72-95] [59-87] [49-81] 0.98 [80-99] [70-95] [51-87] 001
e — Incon5|s_teng with 86 70 70 ' 79 58 47 '
the criterion [67-95] [46-85] [46-85] [58-90] [36-76] [20-70]




As can be seen from Table 4, in OS, the statistical significance
(p<0.05) was noted only in the “hist RFS”, "rad. OS", and "hist. OS" groups.

Meanwhile, for RFS, the statistical significance was noted in all groups.
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Fig. 3. Overall and recurrence-free survival rates for the developed

models and Milan criteria

As can be seen from Fig. 3, in the OS, the statistical significance
was noted in the “rad. OS” and "hist. OS” groups, which is confirmed by
the graphs where the lines of fit to these models show better results
compared to others. As for RFS, the statistical significance was noted in
all groups, which is also reflected in the graphs, where there is a
significant difference between the data of patients who met the criteria

and the data of those who did not meet them.

Discussion
The study found that the donor type has a significant impact on the

overall survival of patients after liver transplantation for HCC. However, it



should be emphasized that this relationship may be due to a number of
factors, primarily the waiting period for liver transplantation, as well as the
planned nature of surgery, cold ischemia time, and the tendency to provide
organs from expanded criteria donors to stable recipients with expanded
transplant criteria for HCC [9].

A study conducted using UNOS-OPTN data highlights the
importance of waiting time in the context of liver transplantation for
patients with HCC. The analysis showed that an increase in waiting time
from 2 to 12 months was associated with a significant decrease in overall
survival after transplantation: 5-year survival decreased by 5.07% and 10-
year survival decreased by 8.33%. Median survival time reduced by 3.41
years [10]. These data highlight that prolonged waiting times may
negatively impact the transplant outcomes in this patient population. In
our study, we control for donor type, which is indirectly associated with
waiting time: patients having LD typically wait a shorter time for a
transplant (median one month), in contrast to patients waiting for an
organ from a deceased donor (median nine months). This difference in
waiting times emphasizes the need to integrate these parameters into
predictive models to optimize approaches to transplantation and improve
long-term patient outcomes.

The impact of cold ischemia time on the HCC recurrence is a
relevant issue that was raised in the studies by M. Maspero et al. [11]. In
our work, this is done by taking into account the donor type.

In many well-known studies, the donor type parameter was not
taken into account when developing prognostic models, which is
confirmed by literature data [6, 7, 12-16]. Among the various existing
models, only those developed by D. Goldberg et al. and V. Mazzaferro et
al. provide web-based user interfaces to facilitate their application in

clinical practice. However, none of them includes analysis of donor type



as a factor influencing prognosis, which is a significant drawback. Our
models fill this gap by providing a more detailed prediction and taking
into account the donor type. This addition enhances the predictive power
of the models, making them particularly valuable in settings where both
types of donors are available, which is a significant advantage over the
studies mentioned.

Unlike the model of D. Goldberg et al. [6], our method includes the
ability to analyze histological data, including the presence of vascular
invasion, which allows us to adjust the prognosis in the postoperative
period. Our model is enriched with additional prognostic factors such as
the patient age and donor type, which contributes to a more complete
assessment of potential transplant outcomes, in contrast to the V.
Mazzaferro et al. approach [7]. We offer a comprehensive analysis that
includes assessment of both RFS and OS, relying on the analysis of
radiological and histological data, providing four prognostic scenarios
and thereby surpassing the capabilities of other existing models.

Thus, our proposed models provide a new tool in hands of clinicians.
These models enable better-grounded clinical decisions and help optimize

liver transplantation strategies for patients with HCC.

Conclusion

The developed prognostic models provide the opportunity to
individualize predictions of liver transplantation outcomes for patients
suffering from hepatocellular carcinoma. They effectively predict
recurrence-free and overall survival, which are critical parameters in
surgical planning.

Improving and validating these models through sharing and
analyzing data from different medical centers will not only improve their

accuracy, but also ensure their widespread clinical application. The model



Is available for use on the web resource at https://nadit.ru/calculate. HCC

(Fig. 4), which makes it easily accessible and convenient to use in clinical
practice.
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The tool shown in Fig. 4, allows one to quickly enter patient data
and receive personalized predictions, which facilitates making well-
grounded clinical decisions.

Integrating these models into routine clinical practice will allow
physicians to more accurately determine the prognosis of patients
undergoing liver transplantation, thereby increasing the chances of a
successful treatment outcome. It is expected that the data exchange
between different medical institutions will further improve these models,

making them more reliable and adaptable to different clinical scenarios.



Based on our study results we have made the following
conclusions:

1.  The developed models demonstrate comparable efficacy to
the widely used Milan criteria in predicting hepatocellular carcinoma
recurrence after liver transplantation (p>0.05).

2. The type of donor (living or postmortem) had a statistically
significant effect on the overall five-year survival of patients after liver
transplantation (82% and 49%, respectively, p=0.04).

3. Five-year recurrence-free survival did not differ between
living and deceased donor recipients (63% and 62%, respectively,
p=0.58).

References

1. Kim SJ, Kim JM. Prediction models of hepatocellular carcinoma
recurrence after liver transplantation: a comprehensive review. Clin Mol
Hepatol. 2022;28(4):739-753. PMID: 35468711
https://doi.org/10.3350/cmh.2022.0060

2. Granov AM, Granov DA, Zherebtsov FK, Gerasimova OA,
Borovik VV, Osovskikh VVV, et al. Liver transplantation. A single center
experience of 100 cases. Russian Journal of Transplantology and
Artificial Organs. 2012;14(4):11-16. (In Russ.).
https://doi.org/10.15825/1995-1191-2012-4-11-16

3. Voskanyan SE, Sushkov Al, Artemyev Al, Zabezhinsky DA,
Naydenov EV, Bashkov AN, et al. Salvage liver transplantation for
hepatocellular carcinoma treatment. Pirogov Journal of Surgery.
2019;(10):21-28. (In Russ.). https://doi.org/10.17116/hirurgia201910121

4. Voskanyan SE, Naydenov EV, Artemyev Al, Kolychev 1Y,
Zabezhinsky DA, Gubarev KK, et al. Long-term results of liver

transplantation for hepatocellular carcinoma. Annals of Surgical



Hepatology. 2021;26(2):68-82. (In Russ.).
https://doi.org/10.16931/10.16931/1995-5464.2021-2-68-82.5

5. Olisov OD, Novruzbekov MS, Gulyaev VA, Lutsyk KN. The
role of calcineurin inhibitors in the progression of hepatocellular
carcinoma after liver transplantation. Transplantologiya. The Russian
Journal of Transplantation. 2022;14(3):292-300. (In  Russ.).
https://doi.org/10.23873/2074-0506-2022-14-3-292-3006

6. Goldberg D, Mantero A, Newcomb C, Delgado C, Forde KA,
Kaplan DE, et al. Predicting survival after liver transplantation in patients
with hepatocellular carcinoma using the LITES-HCC score. J Hepatol.
2021;74(6):1398-1406. PMID: 33453328
https://doi.org/10.1016/j.jhep.2020.12.021

7. Mazzaferro V, Sposito C, Zhou J, Pinna AD, De Carlis L, Fan J,
et al. Metroticket 2.0 model for analysis of competing risks of death after
liver transplantation for hepatocellular carcinoma. Gastroenterology.
2018;154(1):128-1309. PMID: 28989060
https://doi.org/10.1053/j.gastro.2017.09.025

8. Humar A, Ganesh S, Jorgensen D, Tevar A, Ganoza A, Molinari
M, et al. Adult living donor versus deceased donor liver transplant
(LDLT Versus DDLT) at a single center: time to change our paradigm for
liver transplant. Ann Surg. 2019;270(3):444-451. PMID: 31305283
https://doi.org/10.1097/SLA.0000000000003463

9. Goldaracena N, Gorgen A, Doyle A, Hansen BE, Tomiyama K,
Zhang W, et al. Live donor liver transplantation for patients with
hepatocellular carcinoma offers increased survival vs. deceased donation.
J Hepatol. 2019;70(4).666-673. PMID: 30630009
https://doi.org/10.1016/j.jhep.2018.12.029

10. Beumer BR, Polak WG, De Man RA, Metselaar HJ, Van
Klaveren D, Labrecque J, et al. Impact of waiting time on post-transplant



survival for recipients with hepatocellular carcinoma: A natural
experiment randomized by blood group. JHEP Rep. 2023;5(2):100629.
PMID: 36654943 https://doi.org/10.1016/j.jhepr.2022.100629

11. Maspero M, Yilmaz S, Cazzaniga B, Raj R, Ali K, Mazzaferro
V, et al. The role of ischaemia-reperfusion injury and liver regeneration in
hepatic tumour recurrence. JHEP Rep. 2023; 5(11):100846. PMID:
37771368 https://doi.org/10.1016/j.jhepr.2023.100846

12. Duvoux C, Roudot-Thoraval F, Decaens T, Pessione F,
Badran H, Piardi T, et al. Liver transplantation for hepatocellular
carcinoma: a model including a-fetoprotein improves the performance of
Milan criteria. Gastroenterology. 2012;143(4):986-994.e3. PMID:
22750200 https://doi.org/10.1053/j.gastro.2012.05.052

13. Halazun KJ, Najjar M, Abdelmessih RM, Samstein B,
Griesemer AD, Guarrera JV, et al. Recurrence after liver transplantation
for hepatocellular carcinoma: a new MORAL to the story. Ann Surg.
2017;265(3):557-564. PMID: 27611615
https://doi.org/10.1097/SLA.0000000000001966

14. Mehta FY, Heimbach J, Harnois DM, Sapisochin G, Dodge JL,
Lee D, et al. Validation of a Risk Estimation of Tumor Recurrence After
Transplant (RETREAT) Score for hepatocellular carcinoma recurrence
after liver transplant. JAMA Oncol. 2017;3(4):493-500. PMID: 27838698
https://doi.org/10.1001/jamaoncol.2016.5116

15. Lee JH, Cho Y, Kim HY, Cho EJ, Lee DH, Yu SJ, et al. Serum
tumor markers provide refined prognostication in selecting liver
transplantation candidate for hepatocellular carcinoma patients beyond
the Milan criteria. Ann Surg. 2016;263(5):842-850. PMID: 26779979
https://doi.org/10.1097/SLA.0000000000001578

16. Nam K, Lee J, Bae J, Chang Y, Cho Y, Sinn D, et al. Novel

model to predict HCC recurrence after liver transplantation obtained



using deep learning: a multicenter study. Cancers (Basel).
2020;12(10):2791. PMID: 33003306
https://doi.org/10.3390/cancers12102791

Information about the authors

Sergey E. Voskanyan, Corresponding Member of the Russian
Academy of Sciences, Prof., Dr. Sci. (Med.), Deputy Chief Physician for
Surgical Care, Head of Surgery and Transplantation Center, State Research
Center — Burnasyan Federal Medical Biophysical Center of Federal Medical
Biological Agency; Head of the Department of Surgery with Courses of
Oncology, Endoscopy, Surgical Pathology, Clinical Transplantology and
Organ Donation of the Institute of Postgraduate Professional Education,
State Research Center — Burnasyan Federal Medical Biophysical Center of
Federal Medical Biological Agency, https://orcid.org/0000-0001-5691-
5398, voskanyan_se@mail.ru

31%, development of the study concept, data analysis, final
manuscript approval for publication

Vladimir S. Rudakov, Cand. Sci. (Med.), Surgeon, Surgical
Department for the Coordination of Donation of Organs and (or) Human
Tissues, Surgeon, Surgical Department No. 2, State Research Center —
Burnasyan Federal Medical Biophysical Center of Federal Medical Biological
Agency, https://orcid.org/0000-0002-3171-662, rudakov_vc@list.ru

30%, development of the study concept and design, data collection
and analysis, manuscript preparation for printing

Alexander I. Sushkov, Cand. Sci. (Med.), Head of Laboratory of
New Surgical Technologies, State Research Center — Burnasyan Federal
Medical Biophysical Center of Federal Medical Biological Agency,
https://orcid.org/0000-0002-1561-6268, sushkov.transpl@gmail.com

7%, data collection and analysis, manuscript preparation


https://orcid.org/0000-0001-5691-5398
https://orcid.org/0000-0001-5691-5398
mailto:Voskanyan_SE@mail.ru
mailto:Rudakov_vc@list.ru
mailto:sushkov.transpl@gmail.com

Maksim V. Popov, Cand. Sci. (Med.), Senior Researcher,
Laboratory of New Surgical Technologies; Surgeon, Department of X-ray
Vascular Methods of Diagnostics and Treatment, State Research Center —
Burnasyan Federal Medical Biophysical Center of Federal Medical
Biological Agency, https://orcid.org/0000-0002-6558-7143,
maximmsk@mail.ru

6%, data collection and analysis, manuscript preparation

Andrey N. Bashkov, Cand. Sci. (Med.), Head of the Center for
Radiology - Head of the Department of Radiology, Radioisotope and
Computer Diagnostics, State Research Center — Burnasyan Federal
Medical Biophysical Center of Federal Medical Biological Agency,
https://orcid.org/0000-0002-4560-6415, abashkov@yandex.ru

5%, data collection and analysis

Konstantin K. Gubarev, Dr. Sci. (Med.), Head of the Surgical
Department for the Coordination of Donation of Organs and (or) Human
Tissues, State Research Center — Burnasyan Federal Medical Biophysical
Center of Federal Medical Biological Agency, https://orcid.org/0000-
0001-9006-163X, kkgubarev@gmail.com

3%, data collection

Alexey 1. Artemyev, Cand. Sci. (Med.), Head of Surgical
Department No. 2, State Research Center — Burnasyan Federal Medical
Biophysical Center of Federal Medical Biological Agency,
https://orcid.org/0000-0002-1784-5945, coma2000@yandex.ru

3%, data collection

llya Yu. Kolyshev, Cand. Sci. (Med.), Head of Surgical
Department No 1 State Research Center — Burnasyan Federal Medical
Biophysical Center of Federal Medical Biological Agency,
https://orcid.org/ 0000-0002-6254-130X, diffdiagnoz@mail.ru

3%, data collection


https://orcid.org/0000-0002-6558-7143
mailto:maximmsk@mail.ru
mailto:abashkov@yandex.ru
https://orcid.org/0000-0001-9006-163X
https://orcid.org/0000-0001-9006-163X
mailto:kkgubarev@gmail.com
https://orcid.org/0000-0002-1784-5945
mailto:coma2000@yandex.ru
https://orcid.org/0000-0002-6254-130X
mailto:diffdiagnoz@mail.ru

Marlen Muktazhan, Surgeon, Surgical Department for the
Coordination of Donation of Organs and (or) Human Tissues, State
Research Center — Burnasyan Federal Medical Biophysical Center of
Federal Medical Biological Agency, https://orcid.org/0000-0003-4967-
1588, marlen-94@inbox.ru

3%, data collection

Anton N. Pashkov, Surgeon, Surgery and Transplantation Center,
State Research Center — Burnasyan Federal Medical Biophysical Center
of Federal Medical Biological Agency, https://orcid.org/0009-0006-6911-
8850, pashkov-96@mail.ru

3%, data collection

Evgeny V. Naydenov, Cand. Sci. (Med.), Surgeon, Surgical
Department No 2, State Research Center — Burnasyan Federal Medical
Biophysical Center of Federal Medical Biological Agency,
https://orcid.org/0000-0002-9753-4345, naydyonov@pochta.ru

3%, data collection

Darya S. Svetlakova, Junior Researcher, Laboratory of New
Surgical Technologies; Surgeon, Surgical Department for the
Coordination of Donation of Organs and (or) Human Tissues, State
Research Center — Burnasyan Federal Medical Biophysical Center of
Federal Medical Biological Agency, https://orcid.org/0000-0002-2274-
6204, svetlakova_ds@mail.ru

3%, data collection

The article was received on April 8, 2024;
approved after reviewing on April 22, 2024;

accepted for publication on June 26, 2024


https://orcid.org/0000-0003-4967-1588
https://orcid.org/0000-0003-4967-1588
https://orcid.org/0000-0002-9753-4345
mailto:svetlakova_ds@mail.ru

	Information about the authors

