
The Impact of Graft Type on the Outcome of Liver 
Transplantation for Hepatocellular Carcinoma

Globally, HCC is a significant health burden, ranking as 
the sixth most common cancer and the third leading 

cause of cancer-related mortality. The incidence of HCC 
has steadily increased over the last decade.[1] Hepatitis B 
virus and liver cirrhosis are risk factors for HCC. In patients 
with HCC, there are two diseases: cirrhosis and cancer.
[2] Consequently, LT represents the ideal therapeutic ap-
proach for the concurrent management of these diseases.
[3] The establishment of the Milan criteria had a substan-
tial impact on the treatment of HCC by facilitating the al-

location of DDLT to stringently selected patient popula-
tions, resulting in favorable long-term survival outcomes. 
Hence, LT has evolved into the preferred therapeutic mo-
dality for HCC. Nevertheless, the Milan criteria are widely 
regarded as overly restrictive, prompting the develop-
ment of expanded criteria.The University of California, 
San Francisco (UCSF) criteria have successfully broadened 
the Milan criteria by 10% and are presently employed for 
DDLT organ allocation in patients with HCC within the 
United States (US).[4]

Objectives: The impact of graft type on the outcomes of liver transplantation (LT) for hepatocellular carcinoma (HCC) remains 
controversial. We aimed to evaluate the efficacy of living donor (LDLT) versus deceased donor LT (DDLT) by analyzing disease-free 
survival (DFS) and overall survival (OS).
Methods: We evaluated 356 HCC patients who underwent LT. There were two groups: LDLT and DDLT. We compared OS, DFS, 
demographic data, and clinical variables between the cohorts. The study also evaluated the impact of Milan criteria adherence on 
patient outcomes.
Results: The study population was 85.9% male, with a mean age of 52.69 (±0.61) years.While nearly half of the patients were within 
the Milan criteria, a significant majority of procedures, n=356 (94.7%), were LDLT. The OS and DFS were comparable between the 
groups, irrespective of Milan criteria compatibility. Patients with tumors within the Milan criteria demonstrated a significantly better 
OS and DFS compared to those with tumors beyond the criteria (p<0.001).
Conclusion: The Milan criteria remain the best prognostic indicator after liver transplantation for HCC. Liver graft type (LDLT vs. 
DDLT) did not affect liver transplantation (LT) outcomes for HCC, regardless of Milan criteria adherence.
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On the other hand, in some countries such as Türkiye, Ja-
pan, Korea, and India, the deceased donor organ pool is in-
sufficient for the patients waiting for liver transplantation.
[5] For this reason LDLT has emerged as a viable alternative 
for the management of patients with cirrhosis and/or HCC. 
The effect of graft type on DFS and OS in HCC patients un-
dergoing LDLT is a key area of research in countries where 
LDLT is prevalent.[6] We aimed to evaluate and compare 
long-term DFS and OS outcomes following LDLT and DDLT 
in patients with HCC. We also aimed to evaluate the impact 
of Milan criteria adherence on the long-term outcomes of 
patients undergoing LT for HCC. 

Methods

Study Design
Over the period from March 2006 to September 2021, 455 
patients who received LT for HCC in our Liver Transplant In-
stitute. Recipients whose post-transplant follow-up period 
is less than 90 days (n=79) were excluded. In total, 376 pa-
tients were included for analysis. Three hundred and fifty-six 
patients underwent LDLT (94.6%) for HCC. The remaining 
patients underwent DDLT. Preoperative evaluation of all pa-
tients included laboratory tests, imaging techniques (Dop-
pler ultrasonography, computed tomographic angiography 
of the liver, and positron emission tomography scanning) for 
staging of HCC. In addition, pulmonary and cardiovascular 
assessments were performed following our pretransplant 
preparation guidelines.[7] All patients were reviewed by a 
multidisciplinary tumor board consisting of transplantation 
surgeons, radiologists, oncologists, and pathologists. Pa-
tients were enlisted after receiving approval from the multi-
disciplinary tumor board. In pre-transplantation treatments, 
patients underwent radiofrequency ablation, transarterial 
chemoembolization (TACE), transarterial radioembolization 
(TARE), and resection. Resection was performed on Child A 
patients with a single lesion greater than 2 cm, provided that 
portal venous pressure and bilirubin levels were normal. For 
patients who were not suitable for resection, including those 
with Child A and B status, and a performance status of 0-2, 
bridging or downstaging treatments with TACE or TARE were 
applied while waiting for a donor.

Data Collection
Data collection, including demographic and clinical vari-
ables such as age, gender, liver disease etiology, Model 
for End-Stage Liver Disease (MELD) score, Child-Pugh 
classification, preoperative alpha-fetoprotein (AFP) levels, 
pretransplant locoregional therapies, and histopathologi-
cal reports, was performed through reviewing the patient 
medical records.

Follow-Up Period After LT
Serum AFP levels were monitored monthly during the first 
year following LT. Every three months thereafter. A follow-
up schedule of contrast-enhanced chest and dynamic liver 
computed tomography (CT) scans was implemented, with 
scans performed every three months for the first two years 
post-liver transplantation (LT), and every six months there-
after.Throughout the follow-up period, contrast-enhanced 
liver magnetic resonance imaging (MRI) and positron emis-
sion tomography (PET) scans were planned annually. Pa-
tients underwent whole-body bone scintigraphy every six 
months during the initial two years following LT, and an-
nually thereafter. Once locoregional recurrence or distant 
metastases were detected, treatment modalities such as 
liver resection, loco-regional therapies, or systemic therapy 
were administered.

Immunosuppressionprotocol After LT
Prednisolone, calcineurin inhibitors (CNI), and mycopheno-
late mofetil (MMF) were the primary immunosuppressive 
agents used for the first postoperative month. Afterwards,  
MMF was discontinued and mammalian target of rapamy-
cin inhibitors (mTORi) such as everolimus were introduced 
into the immunosuppressive regimen, while the tacrolimus 
dose was reduced. Prednisolone was discontinued at the 
end of the third month following LT. 

Statistical Analysis
Sample size was determined through a power analysis 
by using G-Power 3.1 software (Heinrich-Heine-Univer-
sität Düsseldorf, Germany). With a power (1-β) of 0.80 
and a significance level (α) of 0.05, the analysis yielded 
a calculated sample size of 18 participants per group, 
resulting in a minimum total sample size of 36 partici-
pants. Statistical analyses were conducted using Statisti-
cal software Package for Social Sciences (SPSS) version 
23 (IBM Corp., Armonk, NY, USA). Continuous variables 
are reported as mean±standard error, and categorical 
variables as the number and percentage of affected indi-
viduals. Disease-free survival (DFS) was measured from 
the date of liver transplantation (LT) until hepatocellular 
carcinoma (HCC) recurrence or until the final document-
ed date of no evidence of tumor recurrence on imaging 
studies. Kaplan-Meier analysis was used to estimate DFS 
and OS, with any p-value of less than 0.05 defined as sta-
tistical significance. 

Results
Between March 2006 and September 2021, 376 patients 
underwent LT for HCC.Three hundred and twenty-three 
patients were male (85.9%). Average age was 52.69 (±0.61) 
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years. The etiology of HCC in 299 (79.5%) patients was vi-
ral hepatitis. Transarterial chemoembolization (TACE) was 
the most common pre-transplant bridging therapy, used 
in 8.5% of patients. Half of the population met the Milan 
criteria. Additionally, 356 patients (94.6%) underwent LDLT, 
while there were 20 (5.4%) DDLT procedures (Table 1).

Survival analyses showed no significant differences in OS 
(p=0.66) or DFS (p=0.413) between LDLT versus DDLT. The 

results were comparable regardless of the compatibility 
with the Milan criteria (within [OS; p=0.604, DFS; p=0.276] 
vs. beyond [OS; p=0.464, DFS; p=0.333]). Nevertheless, 
wecompared patients meeting and exceeding the Milan 
criteria and found that OS and DFS were better in tumors 
within the Milan criteria (p<0.001) (Table 2) (Fig. 1-4b).The 
OS of the entire cohort in 1, 3-, 5-, and 7- years following 
LT were 86.5%, 72.4%, 63.1%, and 57.2%,  respectively. The  
DFS rates were 81.6%, 66.5%, 60.8%, 56.9%, respectively 
(Table 3).

In the current study, patients were categorized based on 
whether their HCC were within or beyond the Milan crite-
ria, as determined by pre-transplant radiological imaging. 
Among the 376 patients, 188 were within the Milan criteria, 
with the remaining patients beyond those criteria. Within 
the Milan criteria, 176 (93.6%) patients received LDLT and 
12 (6.4%) underwent DDLT. In the group beyond the Milan 
criteria, 180 (95.7%) patients underwent LDLT and 8 (4.3%) 
received DDLT.

In HCC within the Milan criteria, 7-year OS rates were 74.7% 
after LDLT and 36.7% after DDLT (p=0.604). Seven-year 
DFS rates were 74.6% after LDLT and 40.1% after DDLT 
(p=0.655). Similarly, for patients with HCC beyond the Mi-
lan criteria, OS (p=0.464)and DFS (p=0.282) rates after LDLT 
were comparable to DDLT (Table 3).

Discussion
We analyzed the long-term DFS and OS outcomes of pa-
tients with HCC who received LT, stratified by Milan cri-
teria. The impact of graft type on LT outcomes for HCC 
remains controversial, with conflicting evidence regard-
ing LDLT. Some studies have reported lower OS and DFS 
rates following LDLT compared to DDLT for HCC patients. 
One reason for this is that LDLT offers a quicker method 
for transplanting patients with HCC, thus bypassing the 
waiting list period. This waiting list period helps in select-
ing more biologically more favorable tumors that would 
benefit more from LT. Another contributing factor is the 
liver regeneration triggered following transplantation of 
partial liver grafts in LDLT. The liver regeneration process 
following transplantation may create an environment 
conducive to accelerated growth of residual tumors, 
potentially leading to increased recurrence rates.[8-11] 
However, several studies have reported comparable OS 
and DFS rates after LDLT and DDLTin patients with HCC, 
suggesting that graft type does not influence long-term 
outcomes.[12-17] Conversely, a recent meta-analysis found 
a higher incidence of tumor recurrence following LDLT 
compared to DDLT, which has been attributed to surgical 
technique. The microscopic residual tumors on the retro-

Table 1. Descriptive analysis of demographic and 
clinicopathological data

Variables	 Mean (Std)	 Count (%)

Age, years	 52.69 (0.61)
Gender
	 Female		  53 (14.1)
	 Male		  323 (85.9)
BMI, kg/m²	 26.16 (0.23)	
	 Viral		  299 (79.5)
	 Alkol		  6 (1.6)
Etiology
	 Buddchiari		  8 (2.1)
	 Kriptojenik		  50 (13.3)
	 Others		  13 (3.5)
Child-Pugh Classification
	 A		  127 (33.8)
	 B		  166 (44.1)
	 C		  83 (22.1)
GRWR	 0.97 (0.03)	
AFP, ng/mL	 387.44 (92.46)
Tumor size, cm	 4.23 (0.2)	
Nodul amount	 3.22 (0.21)	
Treatment before Liver Transplantation
	 Absence		  314 (83.5)
	 TACE		  32 (8.5)
	 Resection		  8 (2.1)
	 RFA		  6 (1.6)
	 Resection+RFA		  1 (0.3)
	 Resection+TACE	 1 (0.3)
	 TARE+TACE		  4 (1.1)
	 TARE		  10 (2.7)
Milan Criteria
	 In		  188 (50)
	 Beyond		  188 (50)
Donor type
	 LDLT		  356 (94.7)
	 DDLT		  20 (5.3)
Recurrence		  73 (19.4)

BMI: Body mass index; GRWR: Graft to recipient weight ratio; AFP: alpha-
fetoprotein; TACE: Transarterial chemoembolization; RFA: Radiofrequency 
ablation; TARE: Transarterial radioembolization; LDLT: Living Donor Liver 
Transplantation; DDLT: Deceased Donor Liver Transplantation.
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hepatic vena cava and the hepatic vein stumps could 
have caused the increased recurrence rates observed in 
the LDLT group.[18]

When evaluating LDLT and DDLT, it is essential to consider 
the cultural contexts of the countries where the transplant 
centers are located. In Western societies, DDLTis more com-
mon. On the contrary, LDLT is more frequent in Eastern 
countries such as Japan, Korea, India, and Türkiye.

In HCC, tumors beyond the Milan criteria, survival rates fol-

lowing both DDLT and LDLT progressively decline as tumor 
size and number increase.[19-22] Similar to prior research, this 
study demonstrated higher OS and DFS rates in patients 
within the Milan criteria following both graft types. Specifi-
cally, in patients within the Milan criteria, the 7-year OS rate 
was 73% after both graft types, while in patients beyond 
the Milan criteria, the 7-year OS rate was 41%. The 7-year 
DFS rate for patients within the Milan criteria was 73.1%, 
compared to 40% for those that exceeded Milan criteria.

The long-term DFS and OS rates between patients who un-

Table 2. Survey analysis

Variables	 Mean OS, years (SD)	 HR	 95%CI	 p	 Mean DFS, years(SD)	 HR	 95%CI	 p

Beyond milan criteria		  0.536		  0.464		  0.936		  0.333
	 LDLT	 6.45 (0.48)		  5.5-7.39		  7.88 (0.5)		  6.9-8.86	
	 DDLT	 5.76 (1.28)		  3.25-8.28		  6.76 (1.29)		  4.22-9.31	
In milan criteria		  0.269		  0.604		  1.187		  0.276
	 LDLT	 10.8 (0.49)		  9.84-11.76		  13.48 (0.27)		  12.89-14.06	
	 DDLT	 6.42 (0.97)		  4.52-8.32		  7.96 (0.72)		  6.55-9.37	
Total population		  0.194		  0.66		  0.669		  0.413
	 LDLT	 8.74 (0.38)		  7.99-9.49		  10.95 (0.34)		  10.29-11.61	
	 DDLT	 6.12 (0.83)		  4.49-7.75		  7.5 (0.77)		  6.0-9.0	
Total population		  32.5		  <0.001		  67.74		  <0.001
	 In milan criteria	 10.69 (0.48)		  9.75-11.64		  13.41 (0.30)		  12.82-14	
	 Beyond milan criteria	 6.48 (0.47)		  5.55-7.4		  7.95 (0.48)		  6.99-8.913	

OS: Overall Survival; DFS: Disease free Survival; SD: standart deviation; HR: Hazard Ratio; CI: Confidence Interval; LDLT: Living Donor Liver Transplantation; 
DDLT: Deceased Donor Liver Transplantation.

Figure 1. (a) Overall survival analysis of those who underwent LDLT and DDLT in the population beyond the Milan criteria. (b) Disease free 
survival analysis of those who underwent LDLT and DDLT in the population beyond the Milan criteria.

a b
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derwent LDLT or DDLT for HCC were comparable, regard-
less of their compatibility with the Milan criteria. Regardless 
of compatibility with the Milan criteria, the 7-year OS rates 
following LDLT were 57.9%, compared to 38.9% following 
DDLT. Although the 7-year DFS rate was higher in the LDLT 
group (57.3%) compared to the DDLT group (41.5%), this 
difference did not reach statistical significance. Our study 

demonstrated that graft type did not affect tumor recur-
rence or patient survival rates. Furthermore, patients with-
in the Milan criteria exhibited superior 7-year OS and DFS 
rates following LDLT compared to DDLT. We hypothesize 
that the observed lower recurrence rates in the LDLT group 
may be attributed to a mean graft recipient weight ratio 
(GRWR) exceeding 0.8.[13]

Figure 2. (a) Overall survival analysis of those who underwent LDLT and DDLT in the Milan Criteria. (b) Disease free survival analysis of those 
who underwent LDLT and DDLT in the Milan Criteria.

a b

Figure 3. (a) Overall survival analysis of those who underwent LDLT and DDLT in the total population. (b) Disease free survival analysis of those 
who underwent LDLT and DDLT in the total population.

a b
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In the present study, the majority of LT for HCC was LDLT. 
In Türkiye and many other Asia countries, deceased donors 
are scarce, so LT programs mainly perform LDLT. For this 
reason,LDLT has been the main therapeutic approach for 
patients with HCC in these countries.[23-24] Advantages of 
LDLT include eliminating the waiting list duration, thus re-
ducing the risk of recurrence. It also provides optimal grafts 
for patients, contributing to enhanced recovery in the post-
operative period. On the other hand, morbidity in the living 
donor as a result of graft procurement, as well as postop-
erative complications such as biliary leaks and subsequent 
sepsis, remains a disadvantage.

The primary limitation of this study is its single-center, ret-
rospective design. Furthermore, the disparity in patient 
numbers between groups, resulting from constraints in 

cadaveric donor availability and subsequent limitations in 
DDLT is acknowledged. Multicenter studies would mitigate 
this imbalance and enhance future investigations in this 
field.

Conclusion
Our study demonstrated comparable long-term outcomes 
between DDLT and LDLT for HCC, regardless of Milan crite-
ria adherence. However, it should be noted that LDLT must 
be performed within ethical guidelines, as it may lead to 
undesirable morbidities in the donor. It is also important 
to acknowledge that patients exceeding the Milan crite-
ria had significantly poorer prognoses compared to those 
meeting the criteria, irrespective of whether they under-
went LDLT or DDLT.

Figure 4. (a) Overall survival analysis of the groups within and beyond the Milan Criteria in the population. (b) Disease free survival analysis of 
the groups within and beyond the Milan Criteria in the population.

a b

Table 3. OS and DFS rates of patients in the study population

				    OS (%)					     DFS (%)

Variables	 1 year	 3 years	 5 years	 7 years	 p	 1 year	 3 years	 5 years	 7 years	 p

All Cohort, (n: 376)	 86.5	 72.4	 63.1	 57.2	 -	 81.6	 66.5	 60.8	 56.9	 -
In Milan DDLT, (n:12)	 100	 91.7	 77.3	 36.7	 0.604	 100	 80.2	 80.2	 40.1	 0.655
In Milan LDLT, (n:176)	 90.1	 84.2	 81.0	 74.7		  89.5	 82.8	 79.6	 74.6	
Beyond Milan DDLT, (n:8)	 87.5	 87.5	 43.8	 43.8	 0.464	 87.5	 87.5	 43.8	 43.8	 0.282
Beyond Milan LDLT, (n:180)	 83.1	 58.7	 45.6	 41.1		  73	 48.3	 41.4	 39.8	
In Milan  (DDLT&LDLT) (n:188)	 90.7	 84.6	 80.7	 73	 <0.001	 90.2	 82.6	 79.6	 73.1	 <0.001
Beyond Milan (DDLT&LDLT) (n: 188)	 82.1	 60.0	 45.3	 41		  73.0	 50.1	 41.5	 40	
LDLT (In and beyond Milan) (n:356)	 86.6	 71.4	 63.3	 57.9	 0.660	 81.2	 65.4	 60.6	 57.3	 0.411
DDLT (In and beyond Milan) (n:20)	 95	 90	 58.3	 38.9		  95	 83.1	 62.3	 41.5

OS: Overall survival; DFS: Disease free survival; DDLT: Deceased donor liver transplantation; LDLT: Living donor liver transplantation.
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