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Abstract
In this study, we investigated the long-term survival of patients with hepatocellular carcinoma (HCC) after conventional treatment
other than liver transplantation (LT) in our institute and discuss the limitation of non-transplant treatment for HCC and the proper
indictors of LT in the recent comprehensive era.
Between 2003 and 2016, 181 patients with HCC aged ≦70 years received active treatment including liver resection,

radiofrequency ablation (RFA), and transcatheter arterial chemoembolization (TACE). We analyzed the factors associated with overall
survival and proposed new priority for the indicators of LT in HCC patients according to the extracted factors by comparing the
survival with 39 transplanted patients with HCC.
Child-Turcotte-Pugh (CTP) score (HR: 1.276; 95%CI: 1.049–1.552, P= .015), and number of tumors (HR: 1.238; 95% CI: 1.112–

1.377, P< .001) were selected as significant factors associated with the survival after active treatments for HCC. Patients with LT had
significantly better long-term survival compared with those with non-transplant patients regardless of aforementioned factors.
However, regarding relatively short survival (3 years), patients with CTP score of ≧9and/or ≧3 tumors with non-transplant treatment
had poorer survival compared with those of transplanted patients (P< .05).
We propose that CTP score of 9 and/or 3 tumors before non-transplant, intensive treatment might be a new priority for considering

indicators of LT in patients with HCC.

Abbreviations: AASLD = American Association of Liver Disease, AFP = serum alphafetoproetein, APASL = Asian Pacific
Association for the Study of Liver diseases, BCLC = Barcelona Clinic Liver Cancer, CTP = Child-Turcotte-Pugh, DCP = des-gamma
carboxy prothrombin, EASL = European Association for the Study of Liver, EORTC = European Organisation for Research and
Treatment of Cancer, HCC = hepatocellular carcinoma, HCV = Hepatitis C virus, JSH = Japanese Society of Hepatology, LT = liver
transplantation, MELD = model of end-stage liver disease, NCCN = National Comprehensive Cancer Network, PIVKA-II = protein
induced by vitamin K absence or antagonists II, RFA = radiofrequency ablation, TACE = transcatheter arterial chemoembolization.
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1. Introduction

Recent advances in treatment for hepatocellular carcinoma
(HCC) such as perioperative surgical management,[1,2] the
establishment of techniques and improvements of devices for
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radiofrequency ablation (RFA)[3,4] or transcatheter arterial
chemoembolization (TACE)[5,6]—all have contributed to a better
prognosis. However, needless to say, HCC is a malignant tumor
and shows high recurrence rate,[7,8] and such an intensive
approach usually does not help many patients recover.
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One curative option for patients with HCC is liver transplan-
tation (LT).[9–11] This treatment is ideal because the entire liver,
which is the origin of the tumors, is completely replaced unless the
patients have extrahepatic metastasis or vascular invasion. In
1996, Mazzaferro et al proposed the indications for LT for
patients with HCC (termed Milan criteria): patients with a single
tumor <5cm or up to 3 tumors with a maximum diameter of 3
cm, showed better overall and recurrence free survival compared
with those beyond this tumor scope.[12] Since then, the Milan
criteria have been considered as the gold standard for the
indicators for LT in patients with HCC and have been applied in
some guidelines for HCC treatment.[7,13–17]

Considering the treatment forHCC, the remnant liver functional
reserve should be kept in mind along with the tumor character-
istics. Several guidelines such as the American Association of Liver
Disease/Barcelona Clinic Liver Cancer (AASLD/BCLC) staging
system,[7,13,14] the Asian Pacific Association for the Study of Liver
diseases (APASL)[15,16] and the Japanese Society of Hepatology
(JSH)[17] include liver functional reserve for selecting treatment in
each decision tree. Thus, considering liver functional reserve in
treating HCC is an important concept almost universally.
In the present study, we investigated the long-term survival of

patientswithHCCwho received active treatment including resection,
RFA, and/or TACE initial treatment to evaluate the limits of non-
transplant treatment with good prognoses n the recent era with the
improvement of treatment for HCC. In addition, we discuss the
appropriate indicators of LT in patients with HCC by comparing the
survival of transplant and non-transplant patients.

2. Patients and methods

2.1. Inclusion and exclusion criteria of non-transplant
patients with HCC who received active treatment in this
study

Between 2003 and 2016, 542 patients were admitted to our
hospital for the treatment of HCC, excluding LT. Patients were
Figure 1. Schema of the inclusion and exclusion criteria in this study. RFA=
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basically treated according to the consensus algorithms of
treatment for HCC from JSH.[17] The inclusion and exclusion
criteria for this study are shown in Figure 1.
Age is an important factor in considering LT and in consensus

algorism for the treatment of HCC in Japan; it is one of the
including factors indicating LT.[17,18] Hence, our initial study
population numbered 265 patients with age ≦70 years, the upper
limit of recipient age in most transplant centers in Japan.
Following, we selected a few exclusion criteria from among the
several established, extended criteria of LT for HCC[19–22];
maximum tumor number being ≧10, size of ≧50mm, serum
alphafetoproetein (AFP) of ≧500ng/mL, or protein induced by
vitamin K absence or antagonists II (PIVKA-II; DCP=des-
gamma carboxy prothrombin) of ≧500IU/mL. And also, we
excluded the patients with Child-Turcotte-Pugh (CTP) class C,
which was beyond the standard for active treatment of HCC
other than LT.
Consequently, 84 patients were excluded. Finally, 181 patients

were included in this study; 131 males and 50 females with
a median age of 62 years. HCV was the dominant etiology
(118/182; 65.2%) and initial treatments were 51 received RFA,
80 TACE, 19 RFA+TACE, and 31 had surgical resections
(Table 1).
2.2. Transplant patients with HCC

Forty-eight patients with HCC received LT during the same
period as non-transplant patients as described above. Indicators
of LT during this period was as follows; not expecting good
survival after non-transplant treatment (as per the JSH
guideline[17]) and whose ages were ≦70 years old. Patients
who did not meet Milan criteria were not excluded unless they
had extrahepatic or macrovascular invasion in preoperative
imaging study. Among these, 9 patients were excluded because of
the exclusion criteria in non-transplant patients, as described
above. Preoperative backgrounds are shown in Table 2; 30 males
radiofrequency ablation, TACE= transcatheter arterial chemoembolization.



Table 2

Backgrounds of transplant patients with HCC.
n 39
Age (years old) 58 (35–63)
Sex (male/female) 30/9
Etilology (HCV/HBV/NBNC) 19/15/5
Child-Turcotte-Pugh score 10 (5–13)
MELD score 15 (8–28)
∗
Number of tumors 2 (0–10)

∗
Maximum size of tumors (mm) 18.0 (0–50.0)
AFP (ng/mL) 22.0 (2.0–495.0)
PIVKA-II (DCP; mIU/mL) 34.0 (7.0–362.0)
Milan criteria (within/without) 31/8

AFP= alphapfetoprotein, DCP=des-g-carboxy prothrombin, HBV=hepatitis B virus, HCV=hepatitis
C virus, NBNC=non-B, non-C, PIVKA-II=protein induced by vitamin K absence or antagonist, RFA=
radiofrequency ablation, TACE= transarterial chemoembolization.
∗
Patients with curative treatment were included, and 0means no viable tumors at the liver transplantation.

Table 1

Backgrounds of non-transplant patients with age ≦70 years who
received active treatment for HCC.
n 181
Age (years old) 62 (40–70)
Sex (male/female) 131/50
Etilology (HCV/HBV/HCV+HBV/EtOH/AIH//NBNC) 118/32/1/15/1/14
Child-Turcotte-Pugh score 6 (5–9)
MELD score 9 (6–20)
Number of tumors 1 (1–10)
Maximum size of tumors (mm) 18.0 (7.0–48.0)
AFP (ng/mL) 14.3 (1.0–485.3)
PIVKA-II (DCP; mIU/mL) 28.0 (5.0–149.0)
Initial treatment (RFA/TACE/RFA+TACE/resection) 51/80/19/31

AFP= alphapfetoprotein, AIH= autoimmune hepatitis, DCP=des-g-carboxy prothrombin, EtOH=
alcoholic, HBV=hepatitis B virus, HCV=hepatitis C virus, NBNC=non-B, non-C, PBC=primary
biliary cholangitis, PIVKA-II=protein induced by vitamin K absence or antagonist, RFA=
radiofrequency ablation, TACE= transarterial chemoembolization.
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and 9 females of recipients with a median age of 58 years. HCV
was also dominant as the etiology in this cohort (19/39; 48.7%)
and 20.5% of patients (9/38) had HCC beyond Milan criteria.
2.3. Statistical analysis

Data were collected at initial treatment in non-transplant patients
and preoperative data in transplant patients as the investigated
factors associated with patients’ survival including age, sex,
etiology of background liver disease, maximum size and number
of tumors, CTP score, the model of end-stage liver disease
(MELD) score, serum AFP and PIVKA-II. To investigate the
factors associated with patient survival in non-transplant
patients, the Cox proportional hazard model was employed.
The log-rank test was conducted to compare the survival among
each consequent values of factors associated with survival of non-
transplant patients and to compare the survival of transplant and
non-transplant patients. Additionally, to compare the survival
Table 3

Factors associated with survival after initial treatment in non-transp

Univariate analysis

Age 1
1 year older 1.022 (0.982–1.064)

Sex
male 1
female 1.214 (0.719–2.048)

Etiology
NBNC 1
HBV 0.447 (0.171–1.167)
HCV 1.042 (0.514–2.115)

Child-Turcotte-Pugh score 1
1 point higher 1.223 (1.007–1.485)

MELD score 1
1 point higher 1.057 (0.954–1.170)

Number of tumor 1
1 more tumor 1.273 (1.156–1.403)

Maximum size of tumor 1
1mm larger 1.029 (1.002–1.057)

AFP 1
1ng/mL higher 1.003 (1.000–1.006)

PIVKA-II (DCP) 1
1mIU/ml higher 1.003 (1.000–1.006)

AFP= alphapfetoprotein, DCP=des-g-carboxy prothrombin, HBV=hepatitis B virus, HCV=hepatitis C
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and calculate the hazard ratio between non-transplant and
transplant patients, the Cox-proportional Hazard models was
conducted. A P value of <.05 was considered as statistically
significant. All statistical analysis was performed using SPSS ver.
24.0 (IBM Corporation, Armonk, NY).
3. Results

3.1. Factors associated with survival after active treatment
in non-transplant patients

First, we investigated the factors associated with survival after
active treatment in non-transplant patients with HCC. In
univariate analysis, the CTP score (P= .043), number (P< .001),
maximum size (P= .034) of tumors, serum AFP (P= .020), and
PIVKA-II (P= .029) were the significant factors associated with
the survival after active treatment in non-transplant patients. In
multivariate analysis, the CTP score (HR: 1.276; 95%CI: 1.049–
1.552, P= .015), and number (HR: 1.238; 95%CI: 1.112–1.377,
lant patients with age ≦70 years who received active treatment.

P Multivariate analysis P

.281

.468

.100

.909
1

.043 1.276 (1.049–1.552) .015

.289
1

<.001 1.238 (1.112–1.377) <.001

.034

.020

.029

virus, NBNC=non-B, non-C, PIVKA-II=protein induced by vitamin K absence or antagonist.
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Table 4

P values for the log-rank test between each class of non-transplant
patients with HCC according to CTP class, number and maximum
size of tumors.

Figure 2. Comparison of the long-term survival in non-transplant patients with HCC divided by a CTP score of 9 and tumor number of 3. (A) Black solid line
represents the survival in patients with CTP scores of ≦8,numbers of ≦2 (1 year: 96.8%, 5 years: 61.6%), (B) black broken line represents the survival in those with
CTP scores of ≦8, numbers of ≧3 (1 year: 97.4%, 5 years: 31.7%), (C) gray solid line represents the survival of those with CTP scores of ≧9, numbers of ≦2 (1 year:
80.0%, 5 years: 57.1%), and (D) gray broken line represents the survival in those with CTP scores of≧9, numbers of≧3 (1 year: 80.0%, 5 years: 0%). Log-rank test:
P< .001.
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P< .001) were selected as statistically significant and independent
factors (Table 3).

3.2. Long-term survival of non-transplant patients with
HCC according to CTP score and number of tumors

According to the data as described above, we attempted to
investigate the proper threshold to find the maximum limit for
good survival after non-transplant treatment and to consider the
priority of the indicators of LT in patients with HCC, considering
long-term survival in recent era.
Investigating the survival regarding each CTP score, we found

that a CTP score of 9 was a good indicator for the survival of the
patients with HCC after initial treatment (Supplemental Table 1,
http://links.lww.com/MD/E515). Comparing the survival of
patients divided by CTP score of 9, those with CTP score
of ≧9 were significantly worse than those with CTP score of
≦8 (Supplemental Figure 1A, http://links.lww.com/MD/E512,
P= .003). Regarding survival as per tumor numbers, 3 tumors
appeared to be a good indicator of patient survival (Supplemental
Table 2, http://links.lww.com/MD/E516). Comparing the
survival of patients divided by tumor number of 3, those with
≧3 tumors were significantly worse than those with 1 or 2 tumors
(Supplemental Figure 1B, http://links.lww.com/MD/E512,
P< .001).
A B C D

A
B <0.001
C 0.039 0.818
D <0.001 0.035 0.730

A: CTP score≦8, number <3, B: CTP score≦8, number ≧3, size<30mm, C: CTP score≧9,
number <3, D: CTP score≧9, number ≧3.
Log-rank test. Bold letters: P< .05.
3.3. What factors determine a good prognosis for
non-transplant treatment based on CTP score
and number of tumors?

Next, we divided the patients into 4 groups according to
threshold levels of Child-Pugh score of 9, numbers of 3,
statistically significant discrimination was shown for survival
4

after initial treatment for HCC (Fig. 2, P< .001), especially for
patients with CTP score of≦8 and≦2 tumors (Group A, Table 4),
who had a significantly better survival compared with all other
groups (P< .05).
These data suggested that patients had a CTP score of 8 and

with 2 tumors may be the best indicators of good survival after
initial active treatment.

3.4. Comparison of survival of HCC patients with or
without LT-superiority of LT in HCC patients and how to
make a decision for priority of indicators during initial
treatment

Comparing the long-term survival between transplant and non-
transplant patients with HCC, the former showed better survival
than the latter according to each category of CTP scores
(Supplemental Figure 2A, http://links.lww.com/MD/E513), num-
ber of tumors (Supplemental Figure 2B, http://links.lww.com/
MD/E513), though not surprisingly.

http://links.lww.com/MD/E515
http://links.lww.com/MD/E512
http://links.lww.com/MD/E516
http://links.lww.com/MD/E512
http://links.lww.com/MD/E513
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Figure 3. Comparison of the relatively short-term (3 years) survival between non-transplant patients with HCC divided by CTP score of 9 and a tumor number of 3
and transplant patients with HCC. (A) Black solid line represents the survival in patients with CTP scores of ≦8 and tumor numbers of ≦2 (1 year: 96.8%, 3 years:
80.1%), (B) black broken bar represents the survival in those with CTP scores of ≦8 and tumor numbers of ≧3 (1 year: 97.4%, 3 years: 41.0%), (C) gray solid line
represents the survival in those with CTP scores of ≧9 and tumor numbers of ≦2 (1 year: 75.0%, 3 years: 50.0%), and (D) gray broken line represents the survival in
those with CTP score of ≧9 and tumor number of ≧3 (1 year: 100%, 3 years: 0%). Black bold line represents 3-year survival of transplant patients with HCC (1 year:
89.7%, 3 years: 87.1%).
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Next, we investigated the relatively short-term (3 years)
survival and compared transplant and non-transplant patients
according to CTP score and number of tumors. CTP score of 9
(Supplemental Figure 3A, http://links.lww.com/MD/E514) and
tumor number of 3 (Supplemental Figure 3B, http://links.lww.
com/MD/E514) seemed to be the best cut-off points. Hence, we
divided the four groups according to the thresholds of CTP score
and tumor number of tumors. As described above, the survivals
of patients receiving non-transplant treatment with CTP score of
≧9 and/or tumor number of ≧3 were significantly worse than
those who received transplantation (P< .05), while the survival
of those with CTP score of ≦8 and tumor number of ≦2 was not
statistically different in patients receiving non-transplant treat-
ment (P= .504) compared with those who received transplanta-
tion (Fig. 3).

3.5. Comparison of the survival between transplant and
non-transplant patients according to the treatment other
than LT

To evaluate long-term survival of patients with HCC, initial
treatment might be the important factor. So, we investigated the
survival according to each non-transplant treatments and
compared with post-transplant survival. The survivals of the
patients who received TACE as the initial treatment, including
combination with RFA were significantly worse compared with
those of transplant patients (TACE only; P< .001, TACE+RFA;
P= .001, Fig. 4). In contrast, the survivals of patients who
received resection (P= .269) and RFA (P= .144) showed no
statistical difference compared with those of transplant patients
(Fig. 4). Then, we finally compared the background of non-
transplant between patients who received TACE and non-TACE
treatment. Background of patients with TACE, including
combination treatment with RFA, showed significantly worse
5

liver function (CTP score, P= .001, MELD score, P= .024) and
tumor biology (number and size, P< .001) compared with those
without TACE (Supplemental Table 3, http://links.lww.com/
MD/E517).
Collectively, our data suggested that LT for patients with HCC

is confirmed as the ideal treatment considering long-term
survival. Furthermore, those with CTP score of ≧9 and/or tumor
number of ≧3 may indicate priority for LT in HCC patients
especially in patients who should be considered TACE, taking
into account both short-term and long-term survivals.
4. Discussion

Recent advances of the treatment for patients with HCC have
resulted in an improved prognosis. However, even in the recent
era, the survival of patients with HCC is not good enough, with
many patients still dying as the disease progression.
LT is one of the curative options, as a tumor producing liver is

replaced with a healthy liver, yielding an ideal treatment unless
patients have extrahepatic metastasis or vascular invasion and
additionally whether patients receive appropriate donor livers.
LT for HCC patients was first reported by Starzl et al,[23] and
since then, most transplant centers have performed LT for
patients with HCC. The present study showed that the long-term
survival of transplant patients was significantly better than that of
non-transplant patients with HCC, though not surprisingly
(Supplemental Figure 2, http://links.lww.com/MD/E513).
However, the donor source is not inexhaustible, hence, we

focused on the “maximum-limit” of non-transplant treatment,
possibly considered as the point when LT yields better prognosis
for patients with HCC. Among these populations, CTP score of 9
and/or tumor number of 3 were identified as the best predictors of
survival of patients with HCC by non-transplant treatment. In
other words, patients with CTP score of≧9 and/or tumor number

http://links.lww.com/MD/E514
http://links.lww.com/MD/E514
http://links.lww.com/MD/E514
http://links.lww.com/MD/E517
http://links.lww.com/MD/E517
http://links.lww.com/MD/E513
http://www.md-journal.com


Figure 4. Comparison of the long-term survival between non-transplant patients with HCC according to the initial treatment and transplant patients with HCC. (A)
Black solid line represents the survival in patients who received RFA (1 year: 97.9%, 5 years: 60.8%), black broken bar represents the survival in those who received
resection (1 year: 93.3%, 5 years: 81.2%), gray solid line represents the survival in those who received RFA+TACE (1 year: 93.8%, 5 years: 33.2%), and gray broken
line represents the survival in those who received TACE (1 year: 97.3%, 5 years: 40.1%) in non-transplant patients. Black bold line represents the survival of
transplant patients with HCC (1 year: 89.7%, 5 years: 81.5%).

Nomura et al. Medicine (2020) 99:28 Medicine
of ≧3 before treatment cannot expect a good outcome by active
treatments with curative intent, such as resection, ablation, or
TACE, and LT as the first treatment might be the best option for
improving their prognosis, considering long-term survival.
The selection of treatment for HCC in patients with CTP class

B is sometimes difficult and controversial.[24] Overall, resection
would be recommended only in patients with CTP class A,
normal bilirubin levels, and absence of portal hypertension
according to AASLD/EASL guidelines.[24] However, according to
APASL,[15,16] JSH,[17] The National Comprehensive Cancer
Network (NCCN),[25] and the South Korean guidelines,[26] CTP
class B patients were not excluded based on the indication of
resection. Local ablation is one of the good options for CTP class
B patients, not suitable for resection unless the patients have
significant ascites or uncorrected coagulopathy,[24,27,28] though
these populations were negatively associated with overall
survival after treatment.[29] In contrast, patients with initial
complete response showed good survival even in CTP class B
patients.[29] For TACE, according to the EASL-EORTC guide-
lines, CTP class B and C patients are not good candidates,[30]

however, in the NCCN[25] and JSH[17] guidelines, CTP class B
patients were not excluded, and a Japanese multicenter study
reported that the survival was 82% at 1 year, 43% at 3 years, and
22% at 5 years with a periprocedural mortality of 0.62%.[31]

And also, number of tumors was the statistically significant
factor for predicting survival of patients with non-transplant
HCC in our cohort. Tumor number and size are the established
factors to select the treatment in non-transplant patients
according to most of the guidelines.[7,15,17,25,26] In these
guidelines, especially in the indication of locoregional therapy
including resection and RFA, number and size are basically
restricted as number of ≦3 and size of ≦3 to 5cm. In fact, in our
cohort, resection and local ablation was selected in patients with
6

relatively better liver function and tumor biology compared with
TACE, and it might be affected the good prognosis in patients
with resection and RFA as the initial treatment. In contrast, only
tumor number was selected as a significant factor associated with
long-term survival, though tumor size was not (Table 3). It might
be due to the setting of our cohort, that the size was restricted to
≦5cm, however, the number was extended to ≦10 to aim the
comparison of patients with LT according to the several
established, extended criteria of LT for HCC.[19–22]

Considering indicators forLT,weshouldknowthe“upper limit”
for better survival. Milan criteria, described above, have been the
gold standard for the indicators of LT forHCC.[12] However, these
criteria have recently been recognized as severe; several extended
criteria reported bymany transplant centers included the extension
of tumor size and number of tumors.[19,32–34] Furthermore, in other
extended criteria, tumormarkers (especially DCP)which reflect the
biological character of the tumors, were included.[20,21] Moreover,
a recent Japanese multicenter study reported AFP was also the
predictive factor of tumor recurrence and prognosis after LT.[22]

Some kinds of cap for the “maximum” indication are necessary to
avoid unexpected recurrence after LT.
Most of the allocation systems for patients with HCC in the

world have applied the “MELD exemption”. These allocation
systems give 14 to 22 points at listing, and additional points were
given according to the waiting time, should patients have less
aggressive tumors, considering the size and tumor markers.[35]

Considering the prognosis after non-transplant treatment and
transplantation in the present study, for example, HCC patients
with CTP score of 9 and/or 3 tumors could be given another
priority for the indication of LT.
General weak point is that the present study adopts a

retrospective, observational approach using a single center.
Furthermore, the number of patients included in this study was
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quite small and statistical power was relatively weak. In non-
transplant patients, we excluded patients with far advanced
tumors; maximum tumor number being ≧10, size of ≧50mm,
serum AFP of ≧500ng/mL, or DCP of ≧500IU/mL, to compare
the survival of transplant patients, whose standard treatment is
based on some extended criteria of LT for HCC,[19–22] and age
≦70 years, the upper limit of recipient age in most transplant
centers in Japan, so some selection bias might be yielded
comparedwith the real-world data. Andwe also aimed to exclude
Child C patients who is beyond the standard non-transplant
treatment according to the JSH guideline.[17] However, because
majority of transplanted patients were in Child C status (23/39:
59.0%), so it was difficult to exclude these patients. Therefore, it
is also the large limitation of this study, that we have only
included the comparison of the standard treatment for non-
transplant patients and LT itself as the treatment for HCC. Thus,
interpretation of the comparison of survival between transplant
and non-transplant patients should be made with caution.
In conclusions, we investigated the long-term prognosis of

patients with HCC after conventional treatment (non-transplant)
and LT to evaluate the limitation of non-transplant, active
treatment and proper indicators of LT in the recent era of
improvement for treatment against HCC. A CTP score of 9 and/
or tumor number of 3, which is within the levels of indication in
some standard treatment algorithms of HCC, especially those
who are considered TACE as the initial treatment, could be the
limitation of non-transplant treatment and patients with this
status could be given the priority for LT treatment for HCC.
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