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Risk factors for poor survival after recurrence of 
hepatocellular carcinoma after liver transplantation
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Department of Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignancy 

with a high recurrence rate [1-3]. Although surgical resection, 
as well as locoregional therapies including radiofrequency 
ablation, transarterial chemoembolization, and radiotherapy, 
which increased the prognosis of HCC, liver transplantation 
(LT) still remains as the most efficient treatment not only to 
remove cancer from the body but also to replace the organ with 
a healthy liver. The Milan criteria was introduced as criteria for 

LT to minimize recurrence and maximize the success of LT [4]. 
However, since the Milan criteria was considered too restrictive, 
many centers adjusted the criteria to expand it to perform LT 
for many HCC patients [5-7]. However, there are still patients 
who experience HCC recurrence after LT, and management for 
these patients also requires focus of clinicians. These specific 
patient groups are under immunosuppression and therefore 
have a poor prognosis due to the rapid progression of the 
recurrent tumor [8,9]. Unfortunately, evidence regarding these 
patients is lacking. The study of Shin et al. [10] reported that 
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Purpose: This study was designed to analyze the risk factors for poor survival after recurrence of hepatocellular carcinoma 
after liver transplantation.
Methods: Patients who underwent liver transplantation for hepatocellular carcinoma during the period of 2007 to 2018 
were reviewed and patients who experienced recurrence were included. Multivariable Cox proportional hazard ratios were 
performed for potential risk factors for survival after recurrence.
Results: A total of 151 recipients experienced hepatocellular carcinoma recurrence after liver transplantation. The median 
of the recurrence-free period was 9.3 months (0.89–97.25 months). The median follow-up after recurrence was 13.4 
months (0.59–118.28 months). One-, 3-, and 5-year survival after recurrence were 65.2%, 34.0% and 20.5%, respectively. 
Multivariable Cox analysis showed that, graft from living donor (hazard ratio [HR], 0.430; 95% confidence interval [CI], 
0.210–0.882; P = 0.021), recurrence-free interval of ≥9 months (HR, 0.257; 95% CI, 0.164–0.403; P < 0.001), alpha-
fetoprotein of ≥100 ng/mL at the time of recurrence (HR, 1.689; 95% CI, 1.059–2.695; P = 0.028), and recurrence in bone (HR, 
2.304; 95% CI, 1.399–3.794; P = 0.001) and everolimus within 3 months after recurrence (HR, 0.354; 95% CI, 0.141–0.889; P 
= 0.027) were related to survival after recurrence.
Conclusion: Although survival was generally poor after recurrence of hepatocellular carcinoma in liver transplantation 
recipients, prolonged survival can be achieved in certain patients with better prognostic factors.
[Ann Surg Treat Res 2021;101(1):28-36]
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bone metastasis was a risk factor for poor prognosis in these 
specific patients. However, it only included 28 recurred patients 
out of 138 living donor LT cases. Therefore, we designed this 
study to summarize our experience with patients with HCC 

recurrence after LT and analyze the factors related to prognosis 
in this specific study group.

Minjeong Kim, et al: Cancer recurrence after liver transplantation

Table 1. Comparison of baseline characteristics according to the recurrence-free duration divided by 9-month 
posttransplantation

Characteristic
Recurrence-free duration (mo)

P-value
<9 (n = 70) ≥9 (n = 81)

Sex, male:female 64:6 (91.4:8.6) 74:7 (91.4:8.6) 0.988
Age at the time of LT (yr) 55 (50.8–59.0) 54 (50.5–61.0) 0.554
Living donor 62 (88.6) 78 (96.3) 0.069
ABO incompatible 11 (15.7) 13 (16.0) 0.901
MELD score 10 (7.8–16.5) 10 (8.0–13.0) 0.342
No. of LRT before LT 4 (0.8–8.0) 4 (2.0–7.0) 0.743
Histology at the time of LT
Size
Multiple HCC
Edmonson grade ≥ 3
Microvascular invasion
Portal invasion

3.9 (2.2–5.5)
38 (54.3)
20 (28.6)
59 (84.3)
22 (31.4)

2.9 (2.0–4.3)
49 (60.5)

8 (9.9)
58 (71.6)

8 (9.9)

0.039
0.441
0.003
0.063
0.001

Beyond Milan criteria
Beyond UCSF criteria

44 (62.9)
33 (47.1)

43 (53.1)
31 (38.3)

0.226
0.271

α-FP at the time of LT
PIVKA-II at the time of LT

88.0 (9.3–640.8)
129.0 (32.0–1,159.3)

13.2 (5.0–146.7)
51.5 (19.3–146.3)

0.008
0.001

Multiple organ recurrence 17 (24.3) 8 (9.9) 0.018
Multiplicity in single organ 49 (70.0) 33 (40.7) <0.001
α-FP at the time of recurrence
PIVKA-II at the time of recurrence

22.7 (3.6–327.0)
115.0 (30.8–1,070.5)

4.8 (2.4–46.1)
44.5 (27.8–183.0)

0.010
0.019

Location of recurrence
   Liver
   Lung
   Peritoneum
   Lymph node
   Bone
   Adrenal
   Mediastinum

29 (41.4)
25 (35.7)

4 (5.7)
15 (21.4)
14 (20.0)

3 (4.3)
1 (1.4)

37 (45.7)
28 (34.6)

6 (7.4)
9 (11.1)

12 (14.8)
1 (1.2)

NA

0.600
0.883
0.752
0.084
0.400
0.337
0.464

Treatment for recurrence
   Surgical resection
   TACE
   RFA/cryotherapy
   RT
   TACI
   Sorafenib
   Doxorubicin
   Regorafenib
   Nivolumab
   Everolimus
      Everolimus within 3 mo recurrence

12 (17.1)
23 (32.9)

2 (2.9)
26 (37.1)

3 (4.3)
27 (38.6)

2 (2.9)
2 (2.9)
1 (1.4)

26 (37.1)
 18 (25.7)

25 (30.9)
30 (37.0)
14 (17.3)
24 (29.6)

NA
26 (32.1)

NA
1 (1.2)
1 (1.2)

47 (58.0)
 27 (33.3)

0.051
0.592
0.006
0.328
0.097
0.406
0.213
0.476

>0.999
0.010

 0.307
Graft failure
Death

2 (2.9)
55 (78.6)

2 (2.5)
37 (45.7)

>0.999
<0.001

Survival after recurrence (mo)
   12 
   24

24/61 (39.3)
7/58 (12.1)

58/69 (84.1)
38/61 (62.3)

<0.001
<0.001

Values are presented as number (%) or median (interquartile range).
MELD, model for end-stage liver disease; LRT, locoregional therapy; LT, liver transplantation; HCC, hepatocellular carcinoma; UCSF, 
University of California San Francisco; PIVKA-II, protein induced by vitamin K absence or antagonists II; NA, not available; TACE, 
transarterial chemoembolization; RFA, radiofrequency ablation; RT, radiotherapy; TACI, transarterial chemoinfusion. 
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METHODS

Patients and data
Patients who underwent LT for hepatocellular carcinoma 

during the period of 2007 to 2018 were reviewed and those who 
experienced recurrence were included in the study. Patients’ 
demographical data as well as medical history, LT-related data, 
recurrence-related data were collected. Medical history included 
treatments received prior to LT. LT-related data included 
histology of the extracted liver at the time of LT. Recurrence-
related data included site, number, and date of recurrence as 
well as the treatment received for the recurrence after LT. This 
study was approved by the Institutional Review Board (IRB) of 
Samsung Medical Center in Seoul, Korea (No.2020-10-158). The 
acquisition of informed consent from the study subjects was 
waived by the IRB since the study was designed as retrospective 
study.

Statistical analysis
Patients’ characteristics were compared based on their 

recurrence-free duration. To find a cutoff point of recurrence-
free duration, receiver operating characteristics with Youden’s 
index was used, along with a cutoff with the highest sensitivity 
and specificity for survival after 12 months post-LT. For 
comparison, numerical variables were expressed as mean ± 
standard deviation or median and interquartile range (IQR) 
and were compared with Student t-test or Mann-Whitney test, 
respectively. Categorical variables were compared using the chi-
square test, Fisher exact test, or linear-to-linear association.

To characterize the prognosis according to the site and 
number of recurrences, median recurrence-free duration, and 
median follow-up after recurrence were analyzed. Kaplan-
Meier survival was used to analyze the overall survival after the 
recurrence. For the analysis, follow-up duration was measured 
between the time of recurrence and the last follow-up. The 
multivariable Cox proportional hazard model was used to 
analyze risk factors related to overall survival.

Two-sided P-values of <0.05 were used as an indicator of 
statistical significance. All statistical analyses were done using 
IBM SPSS Statistics ver. 20.0 (IBM Corp., Armonk, NY, USA). 

RESULTS
During the study period, 1,469 patients underwent LT at 

our medical center and 712 patients were diagnosed with 
hepatocellular carcinoma. Among those patients, 151 patients 
(21.2%) experienced recurrence and were included in the study. 
Area-under-curve (AUC) was 0.796 (95% confidence interval [CI], 
0.717–0.875; P < 0.001) for predicting survival 12 months after 
LT, and 8.9 months showed the highest sensitivity of 0.848 and 
specificity of 0.689 based on Youden’s index. Therefore, we used 

9 months of recurrence-free duration as a cutoff.

Comparison based on 9 months of recurrence-free 
duration after liver transplantation 
Table 1 summarizes the comparison of baseline characteristics 

according to the recurrence-free duration divided by 9 months 
posttransplantation. Recurrence-free duration was shorter 
than 9 months in 70 patients (46.4%) while 81 patients (53.6%) 
had recurrence-free duration equal to or longer than 9 months. 
Histology at the time of LT showed aggressive features including 
larger median size (3.9 cm [IQR, 2.2–5.5 cm] in <9-month 
group vs. 2.9 cm [IQR, 2.0–4.3 cm] in ≥9-month group, P = 
0.039), higher rate of Edmonson grade ≥ 3 (n = 30 [28.6%] in 
<9-month group vs. n = 8 [9.9%] in ≥9-month group, P = 0.003), 
and higher rate of portal invasion (n = 22 [31.4%] in <9-month 
group vs. n = 8 [9.9%] in ≥9-month group, P = 0.001). Median 
α-FP level (22.7 U/L [IQR, 3.6–327.0 U/L] in <9-month group vs. 
4.8 U/L [IQR, 2.4–46.1 U/L] in ≥9-month group, P = 0.010) and 
median protein induced by vitamin K absence or antagonists II 
level (115.0 mAU/mL [IQR, 30.8–1,070.5 mAU/mL] in <9-month 
group vs. 44.5 mAU/mL [IQR, 27.8–183.0 mAU/mL] in ≥9-month 
group, P = 0.019) at the time of recurrence were higher in the 
patients with less than 9 months recurrence-free duration.

Risk factors for survival after recurrence
One-year, 3-year, and 5-year survival rates of patients who 

experienced recurrence of HCC after LT were 65.2%, 34.0%, and 
20.5%, respectively. Table 2 shows the result of multivariable 
Cox proportional hazard model for survival after recurrence. 
Recurrence-free duration of ≥9 months showed significant 
relationship to overall survival (hazard ratio [HR], 0.257; 95% 
CI, 0.164–0.403; P < 0.001), living donor (HR, 0.430; 95% CI, 
0.210–0.882; P = 0.021) along with α-FP ≥ 100 U/L at the 
time of recurrence (HR, 1.689; 95% CI, 1.059–2.695; P = 0.028), 
recurrence in bone (HR, 2.304; 95% CI, 1.399–3.794; P = 0.001), 
and everolimus within 3 months after recurrence (HR, 0.354; 
95% CI, 0.141–0.889; P = 0.027). Fig. 1 shows the survival curve 
of patients according to the recurrence-free duration after LT 
divided by 9 months.

Everolimus treatment within 3 months after 
recurrence in survival
When subgroup analyses by dividing the study group based 

on the recurrence-free duration of 9 months, everolimus 
treatment within 3 months after recurrence showed a different 
impact on survival. In patients with recurrence within 9 
months posttransplantation, everolimus treatment within 3 
months did not show improved outcome based on Kaplan-
Meier log-rank test (P = 0.149). However, in patients with 
recurrence-free duration of more than 9 months, everolimus 
treatment within 3-months after recurrence showed improved 
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outcome (P = 0.020, Fig. 2).

Risk factors for survival after recurrence in patients 
with solitary recurrence in single organ
Table 3 shows the result of multivariable Cox proportional 

hazard model for survival after recurrence in patients with 
solitary recurrence in single organ. Recurrence-free duration of 
≥9 months showed significant relationship to overall survival 
(HR, 0.212; 95% CI, 0.091–0.493; P < 0.001), multiple HCC at 
the time of LT (HR, 3.409; 95% CI, 1.457–7.974; P = 0.005) and 
solitary recurrence in lymph node (HR, 4.688; 95% CI, 1.671–
13.156; P = 0.003).

Median follow-up durations after recurrence 
according to the site and number of recurrence
Table 4 shows the median recurrence-free durations and 

median follow-up durations after recurrence according to the 
site and number of recurrences. In a patient subgroup with 
single organ recurrence, patients with single intrahepatic 
recurrence had longer median recurrence-free duration (20.6 
months; IQR, 9.8–32.1 months) compared to patients with 
multiple intrahepatic recurrence (median, 9.6 months; IQR, 
5.2–14.4 months; P = 0.003). Patients with single intrahepatic 
recurrence also had longer median follow-up duration after 
recurrence (26.9 months; IQR, 10.5–38.5 months) compared to 

Table 2. Multivariable Cox proportional HR of potential risk factors for survival after recurrence

Factor No. of 
cases

Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

Sex (female vs. male) 13 0.847 0.409–1.752 0.654
Age ≥50 yr at the time of LT 116 1.401 0.852–2.303 0.184
BMI ≥25 kg/m2 at the time of LT 49 0.926 0.598–1.433 0.729
Living donor (vs. deceased) 140 0.327 0.163–0.656 0.002 0.430 0.210–0.882 0.021
MELD score >20 22 2.186 1.246–3.835 0.006 0.785 0.355–1.739 0.552
No. of LRT before LT ≥ 5 67 0.765 0.506–1.157 0.204
Histology at the time of LT
   Size ≥ 5 cm
   Multiple HCCs
   Edmonson grade ≥ 3
   Microvascular invasion
   Portal invasion

39
87
19

117
30

1.691
1.132
1.689
0.968
1.833

1.094–2.614
0.748–1.713
0.915–3.120
0.594–1.576
1.137–2.954

0.018
0.558
0.094
0.895
0.013

1.162

1.567

0.650–2.078

0.930–2.641

0.612

0.092
α-FP ≥ 100 U/L at the time of LT 58 1.394 0.923–2.105 0.114
Recurrence-free duration ≥ 9 mo 81 0.260 0.168–0.400 <0.001 0.257 0.164–0.403 <0.001
Multiple organ recurrence 25 2.671 1.630–4.379 <0.001 1.288 0.714–2.325 0.401
Multiplicity in single organ 82 1.915 1.255–2.921 0.003 1.265 0.804–1.989 0.310
α-FP ≥ 100 U/L at the time of recurrence 39 2.365 1.524–3.671 <0.001 1.689 1.059–2.695 0.028
Location of recurrence (vs. all others)
   Liver
   Lung
   Peritoneum
   Lymph node
   Bone
   Adrenal
   Mediastinum

66
53
10
24
26
4
1

1.132
0.720
0.838
1.944
2.066
1.054
5.415

0.748–1.713
0.466–1.111
0.306–2.295
1.177–3.213
1.274–3.349
0.258–4.304
0.732–40.037

0.556
0.137
0.731
0.009
0.003
0.941
0.098

1.616
2.304

0.952–2.744
1.399–3.794

0.075
0.001

Treatment for recurrence (vs. all others)
   Surgical resection
   TACE
   RFA/cryotherapy
   RT
   TACI
   Sorafenib
   Doxorubicin
   Regorafenib
   Nivolumab
   Everolimus within 3 mo after recurrence

37
53
16
50
3

53
2
3
2

45

0.538
1.073
0.203
0.855
1.711
0.898
0.047
0.677
0.048
0.535

0.313–0.924
0.696–1.655
0.064–0.642
0.548–1.333
0.233–12.753
0.580–1.392
0.000–12.822
0.094–4.871
0.000–75.849
0.296–0.968

0.025
0.749
0.007
0.489
0.598
0.631
0.286
0.698
0.419
0.039

0.642

0.431

0.354

0.357–1.155

0.133–1.398

0.141–0.889

0.139

0.161

0.027

HR, hazard ratio; CI, confidence interval; BMI, body mass index; MELD, model for end-stage liver disease; LRT, locoregional therapy; 
LT, liver transplantation; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; RT, 
radiotherapy; TACI, transarterial chemoinfusion.
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patients with multiple intrahepatic recurrence (8.2 months; IQR, 
3.5–25.0 months; P = 0.032). In a patient subgroup with single 
recurrence, patients with lung recurrence had longer median 
follow-up duration (21.4 months; IQR, 10.4–41.1 months) 
compared to patients with single extrahepatic recurrence other 
than lung (11.1 months; IQR, 4.6–19.0 months; P = 0.005).

DISCUSSION
This study analyzed the risk factors related to survival 

in patients who experienced recurrence of HCC after LT. 
While LT for HCC is performed in many centers worldwide, 
reports focusing on the prognosis of patients who experience 
recurrence after LT are scarce. The study published by Shin 
et al. [10] reported that major vascular invasion, poorly 
differentiated tumor, unresectable disease, and bony metastasis 
were significant factors related to prognosis. Time of recurrence 
divided by 6 months was only significant in the univariable 
analysis.

While most of the studies on HCC recurrence after LT focused 
on the risk factors of HCC recurrence after LT, this study 
focused on the prognosis after the HCC recurrence after LT. 
Among the 712 patients who underwent LT for HCC during the 
period, recurrence occurred in 151 patients (21.2%). The reason 
we focused on the prognosis of patients with HCC recurrence 
after LT was that management of those patients is still the 
point of interest for transplant clinicians. There is no settled 
guideline for these patients and they undergo treatment and 
management on a case-by-case basis.

The key finding of this study is that patients who have a 
recurrence-free duration of ≥ 9 months show significantly 
superior survival compared to patients who do not. Nine 
months as a cutoff was analyzed using received operating 
characteristics (AUC, 0.796; 95% CI, 0.717–0.875; P < 0.001; 
sensitivity of 0.848 and specificity of 0.689). Multivariable Cox 
proportional hazard model also revealed that recurrence-free 
duration of ≥9 months has a positive impact on survival after 
recurrence (HR, 0.257; 95% CI, 0.164–0.403; P < 0.001); it was 
also significant in patients with solitary recurrence in a single 
organ (HR, 0.212; 95% CI, 0.091–0.493; P < 0.001). Living donor 
LT (HR, 0.430; 95% CI, 0.210–0.882; P = 0.021) and everolimus 
treatment within 3 months after recurrence (HR, 0.354; 95% 
CI, 0.141–0.889; P = 0.027) also showed to be a positive impact 
on postrecurrence survival while α-FP ≥ 100 U/L at the time 
of recurrence (HR, 1.689; 95% CI, 1.059–2.695; P = 0.028), and 
recurrence in bone (HR, 2.304; 95% CI, 1.399–3.794; P = 0.001) 
were negative prognostic factors. In patients with solitary 
recurrence in a single organ, multiple HCC at the time of LT 
(HR, 3.409; 95% CI, 1.457–7.974; P = 0.005), and recurrence 
in lymph node (HR, 4.688; 95% CI, 1.671–13.156; P = 0.003) 
were significant risk factors for survival. Treatment modalities 
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Fig. 1. Survival curves after recurrence according to the 
recurrence-free duration divided by 9 months analyzed 
by multivariable Cox proportional hazard ratio (HR). CI, 
confidence interval.
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of 9 months. Recurrence within 9 months (A) and after 9 
months (B) after liver transplantation. 
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received by the patients were not factors related to survival.
The limitation of this study is that this study is a 

retrospectively-designed study. There are various confounding 
factors that interfere in analyzing their true impact on outcome. 
A certain amount of recurrence-free duration being a risk factor 
for outcome shows that statistically analyzing the impact 
of prognostic factors was a difficult task. The small number 
of patients included with wide spectrum of background 
characteristics is also a reason for this result. Living donor LT 
showed favorable outcome compared to deceased donor LT, 
while deceased donor LT group had progressive tumor-related 
factors. The reason living donor LT showed favorable outcome 
is derived from the difference in the baseline characteristics 
and the low number of patients with deceased donor LT (n = 
11). However, while recurrence-free duration is the outcome of 
prognostic factors, the duration itself can be considered as a 

prognostic factor starting from the time point of recurrence.
Generally, the location and number of recurrences are 

considered significant factors for prognosis. However, multiple 
organ recurrence (HR, 1.288; 95% CI, 0.714–2.325; P = 0.401) and 
multiplicity in single organ (HR, 1.265; 95% CI, 0.804–1.989; P = 
0.310) were not statistically significant. To analyze the true risk 
of these factors requires more detailed analysis of a subgroup 
of patients. Although, we did not have a great enough number 
of patients for a multivariable analysis in certain subgroups, 
patients with a single intrahepatic recurrence had significantly 
longer median follow-up after recurrence (median, 26.9 months; 
IQR, 10.5–38.5 months) compared to multiple intrahepatic 
recurrence (median, 8.2 months; IQR, 3.5–25.0 months; P 
= 0.032). Patients who only had lung recurrence had longer 
median follow-up after recurrence (median, 21.4 months; IQR, 
10.4–41.1 months) compared to extrahepatic metastasis other 

Table 3. Multivariable Cox proportional HR of potential risk factors for survival after recurrence in patients with solitary 
recurrence in a single organ

Factor No. of 
cases

Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

Sex (female vs. male) 6 0.614 0.145–2.597 0.508
Age ≥50 yr at the time of LT 42 1.409 0.667–2.978 0.369
BMI ≥25 kg/m2 at the time of LT 23 0.916 0.457–2.021 0.916
Living donor (vs. deceased) 60 0.442 0.104–1.879 0.269
MELD score >20 5 2.563 0.593–11.074 0.207
No. of LRT before LT ≥ 5 29 1.390 0.673–2.872 0.374
Histology at the time of LT
   Size ≥ 5 cm
   Multiple HCCs
   Edmonson grade ≥ 3
   Microvascular invasion
   Portal invasion

14
39
11
51
8

1.483
2.490
1.000
1.612
1.000

0.678–3.248
1.118–5.550
0.346–2.887
0.562–4.625
0.348–2.873

0.324
0.026

>0.999
0.375

>0.999

3.409 1.457–7.974 0.005

α-FP ≥ 100 U/L at the time of LT 21 1.347 0.653–2.779 0.421
Recurrence-free duration ≥ 9 mo 45 0.234 0.111–0.493 <0.001 0.212 0.091–0.493 <0.001
α-FP ≥ 100 U/L at the time of recurrence 15 3.214 1.478–6.990 0.003 1.779 0.708–4.469 0.221
Location of recurrence (vs. all others)
   Liver
   Lung
   Peritoneum
   Lymph node
   Bone
   Adrenal
   Mediastinum

25
18
4
8
5
3
1

0.724
0.482
1.539
6.774
1.195
1.061

10.983

0.338–1.549
0.205–1.132
0.362–6.531
2.498–18.373
0.362–3.947
0.141–7.974
1.283–94.034

0.405
0.094
0.559

<0.001
0.770
0.954
0.029

4.688

6.202

1.671–13.156

0.648–59.351

0.003

0.113
Treatment for recurrence (vs. all others)
   Surgical resection
   TACE
   RFA/cryotherapy
   RT
   Sorafenib
   Everolimus within 3 mo after recurrence

26
19
11
22
13
20

0.994
0.797
0.469
1.574
0.711
0.266

0.477–2.070
0.342–1.862
0.141–1.553
0.737–3.362
0.272–1.862
0.063–1.130

0.986
0.602
0.215
0.241
0.488
0.073

HR, hazard ratio; CI, confidence interval; BMI, body mass index; MELD, model for end-stage liver disease; LRT, locoregional therapy; 
LT, liver transplantation; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; RT, 
radiotherapy.
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than lung (median, 11.1 months; IQR, 4.6–19.0 months; P = 
0.005). These findings can be useful information for clinicians 
to manage patients.

Unfortunately, this study failed to reveal which treatment is 
effective for elongating the survival of recurred patients; besides 
early initiation of everolimus within 3 months after recurrence. 
While treatment strategies were planned on a case-by-case 
basis, the strategy was mainly based on using the most effective 
treatment for the patients. Surgical removal was planned when 
it was considered possible, while local ablative therapies or 
chemoembolization was used for deep intrahepatic recurrences. 
Patients with extrahepatic recurrence had similar strategies. 
When surgical resection was possible, surgery was performed, 
and systemic therapies were used when definite treatment was 
impossible. Everolimus was started as an immunosuppressant 
with an expectation of the anti-tumorigenic impact of the 
drug itself and lowering the dosage of tacrolimus. However, it 
is difficult to examine the effect of everolimus regarding the 
dosage and duration of the drug as well as selection bias for 
prescribing the drug for selected patients with a less invasive 
nature of recurrence. Therefore, the finding that everolimus 
in early-treated patients had a favorable outcome should be 
interpreted with caution. However, stratifying the patients 
based on recurrence-free duration of 9 months, the early 
everolimus-treated group showed a significantly different 
outcome. In patients expected with relatively favorable outcome 
after recurrence, early initiation of everolimus can be beneficial 
and needs further study.

The recurrence of HCC can be devastating both for the 
patient and clinician. However, every recurred case is different 

and there are still possibilities to improve the outcome for 
those patients. The aggressiveness of the original HCC at the 
time of LT, recurrence-free duration, α-FP level at the time of 
recurrence, and site of recurrence can become a clue for the 
clinician to estimate the prognosis of the patient. Although 
there are many aspects to be studied for this specific patient 
group, clinicians should do their best to plan treatment 
strategies for individual patients who experience recurrence of 
HCC after LT.
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