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Purpose: Response to preoperative transarterial chemoembolization (TACE) has been recommended as a biological
selection criterion for liver transplantation (LT). The aim of our study was to identify optimal timing of living donor liver
transplantation (LDLT) after TACE based on the TACE response.

Methods: We performed a retrospective study to assess recurrence in 128 hepatocellular carcinoma (HCC) patients who
underwent LDLT following sequential TACE from January 2002 to March 2015 at a single institute. Cox proportional hazard
models and Kaplan-Meier analysis were utilized to estimate HCC recurrence and find optimal timing for LDLT.

Results: Seventy-three and 61 patients were divided as the responder and nonresponder, respectively. Multivariate
analysis showed independent pre-Lliver transplantation (pre-LT) predictors of recurrence were larger sized tumor (>3 cm,
P = 0.024), nonresponse to TACE (P = 0.031), vascular invasion (P = 0.002), and extrahepatic nodal involvement (P = 0.001).
In the 3-month time difference between last pre-LT TACE and LDLT subgroup, TACE responders showed significantly
higher adjusted hazard ratio (aHR) of recurrence free survival ([aHR, 6.284; P = 0.007), cancer specific survival (aHR, 7.033;
P =0.016), and overall survival (aHR, 7.055; P = 0.005). Moreover, for overall patients and responder groups, the significant
time difference between last pre-LT TACE and LDLT was 2 months in the minimum P-value approach.

Conclusion: In selected patients who showed good response to pre-LT TACE, a shorter time interval between TACE and
LDLT may be associated with higher recurrence free survival, cancer specific survival, and overall survival.

[Ann Surg Treat Res 2018;95(2):111-120]
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INTRODUCTION

Since deceased donor liver transplantation (DDLT) for the
treatment of small hepatocellular carcinoma (HCC) was first
reported by Mazzaferro et al. [1] in 1996, liver transplantation
(LT) has been considered the treatment option providing the
best chance of a cure for unresectable HCC with liver cirrhosis.

In most Asian countries, although there have been various
issues regarding optimal tumor criteria selection for LT [2-
6], an extreme shortage of deceased donors and the strong
clinical needs for LT in patients with combined HCC and
chronic HBV has led to the establishment of living donor liver
transplantation (LDLT) as a practical alternative to DDLT [7,8].
Transarterial chemoembolization (TACE) is a key bridging
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and downstaging treatment for unresectable HCC in patients
considering LDLT as well as patients on the waiting list for
DDLT [9-11]. Response to TACE prior to LT has been suggested
as a biological selection criterion for LT or a predictor of long-
term outcome after LT [12-15]. However, the clinical impact
of pre-LT TACE response has not been validated yet in LDLT
recipients. In addition, for patients with advanced HCC who
underwent TACE, the decision or optimal timing of LDLT as a
definitive treatment option have not been well established.

We identified predictors affecting recurrence of HCC after
LDLT in patients undergoing TACE prior to LDLT and assessed
whether pre-LT TACE poor response was the risk factor for
recurrence of HCC in LDLT recipients, similar to the case of
DDLT recipients. We also investigated the clinical usefulness
of pre-LT TACE response in terms of determination for optimal
timing of LDLT in patients who underwent TACE as a bridging
and downstaging treatment for unresectable HCC.

METHODS

Study design and population
We retrospectively assessed the data of 527 patients who

underwent LDLT for HCC at single institution during the period
between January 2002 and March 2015. Three hundred sixty-
five patients underwent the treatment for HCC prior to LDLT.
Those patients who underwent liver resection (LR, n = 10),
radiofrequency ablation (RFA, n = 29), and more than two
modality of combined treatment such as RFA, LR, and RT (n =
192) were excluded from this study. Finally, 134 patients who
underwent TACE only before LDLT were included in this study
(Fig. 1).

The following characteristics for these 134 patients were
reviewed: demographic factors (age, sex, etiology, Child-Turcotte-
Pugh grade, model for end-stage liver disease score, o-FP at
the time of transplantation, and TACE numbers), radiologic
factors (within or beyond Milan criteria based on tumor size
and number using computer tomography, bilobar distribution),
and pathologic factors (tumor differentiation, vascular invasion,

Response to TACE

intrahepatic metastasis, portal vein thrombosis, and tumor
necrosis). In addition, TACE-associated factors were reviewed:
numbers of TACE cycles, time-related variables such as
diagnosis-LDLT time (monthly duration from diagnosis of
HCC to LDLT), first TACE-LDLT time (monthly duration from
initiation of TACE to LDLT), and last TACE-LDLT time (monthly
duration from termination of TACE to LDLT). This study was
approved by the Institutional Review Board (IRB) of Samsung
Medical Center (approval number: 2014-11-060) and informed
consent was waived by the IRB.

Statistical methods
Continuous data was represented as median with range.

Categorical data was specified as numbers and percentages.
Univariate and multivariate analyses for factors affecting
recurrence of HCC following LDLT were conducted using a Cox
proportional hazard model. In addition, Cox regression was
used to calculate the adjusted hazard ratio (aHR) of recurrence
free survival (RFS), cancer specific survival (CSS), and overall
survival (OS) for each subgroup. The "minimum P-value”
approach was used to determine the best cutoff timing for
LDLT after TACE [16]. A P <0.05 was considered a statistically
significant. Data handling and analyses were carried out using
the IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA).

RESULTS

Table 1 shows the demographic and clinical characteristics in
the study cohort of 134 patients. Median age at transplantation
was 54 years (range, 30-77 years). Male and female were
comprised of 114 (85%) and 20 patients (15%), respectively.
Recipients who underwent ABO incompatible LDLT were
11 patients (8.2%). The most common cause of cirrhosis was
HBV (86.6%). The majority of patients (72.4%) had HCC as
defined by Milan criteria. The tumors in the explant liver
of 23 patients were totally necrotic and thus were unable to
be assessed for tumor differentiation. In the study cohort of
134 patients undergoing TACE prior to LDLT, median clinical

HCC recurrence

after LDLT

- No Tx (n = 162)

- Resection alone
(n=10)

- RFA alone (n = 29)

- Combined Pre-LT
Tx (n=192)

Excluded

LDLT HCC |included TACE alone RP | CR (n=27)
(n =527) (n=134) : - PR (n = 46)
- SD (n =23)

NR1. pD (n = 38)

™| - No (n = 105)
- Recurrence (n = 29)

Fig. 1. Study design and pop-

ulation. LDLT, living donor liver

TACE cycle

- 1 Cycle (n =42)

transplantation; HCC, hepatocel-
lular carcinoma; LT, liver trans-
plantation; Tx, treatment; TACE,
transarterial chemoemboliza-
tion; CR, complete response;

- 2 Cycles (n=42)

PR, partial response; SD, stable

- 3 Cycles (n = 50)

disease; PD, progressive disease;

I

RFA, radiofrequency ablation.
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Table 1. Clinical, radiological, and pathological characteristics of 134 LDLT recipients who underwent pre-LT TACE

Characteristic

Clinical characteristics
Age (yr)
Male sex
Etiology
HBV:HCV:alcohol:cryptogenic cirrhosis:unknown
Estimated MELD score
Child-Pugh class (%), A:B:C
a-FP at LT (ng/mL)
No. of TACE
Radiological characteristics
Milan criteria within
Maximum radiologic tumor size (cm)
<3:>3
No. of radiologic tumors
Single:multiple
Bilobar distribution
Pathological characteristics
Tumor differentiation, NA:Gr1:Gr2:Gr3
Vascular invasion
Intrahepatic metastasis
Portal vein thrombosis
Tumor necrosis (%), <50:>50

Values are presented as median (range) or number (%).

Value

54 (30-77)
114 (85.1)

116 (86.6):10 (7.5):4 (3):2
13.0

34 (25.4):50
16.2

(1.5):2
1 to 46)
37.3):50 (37.3)
1.3-1133780.3)
1-10)

(1.5)
(-
(
(
2 (

97 (72.4)
1.8 (0.5-8.4)
107 (79.9):27 (20.1)

64 (47.8):70 (52.2)
34 (25.4)

23 (17.2):21 (15.7):81 (60.4):9
46 (34.3)
33 (24.6)
32 (23.9)
78 (58.2):

(6.7)

g1
o))
N
=
X

LDLT, living donor liver transplantation; LT, liver transplantation; TACE, transarterial chemoembolization; MELD, model for end-stage

liver disease; NA, not applicable; Gr, grade.

A
1007 I‘E‘E\E P <0.001
& 901 HR = 1.233 (P = 0.809)
©
=
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Fig. 2. Disease-free survival (A) and overall survival (B) according to modified response evaluation criteria in solid tumors-
defined transarterial chemoembolization (TACE) responses. HR, hazard ratio; CR, complete response; PR, partial response; SD,

stable disease; PD, progressive disease.

follow-up duration after LDLT was 44 months (range, 1.0-170.0
months). Median diagnosis-LDLT time was 11.1 months (range,
15-122.3 months) and median first TACE-LDLT time was 10.4
months (range, 0.6-122.1 months). Median last TACE-LDLT
was 5 months (range, 0.6-74.7 months). Forty-two patients
(31%) underwent single TACE before LDLT. Other 42 patients

underwent 2 cycles of TACE prior to LDLT. Fifty cases of 134
patients underwent between 3 and 10 cycles of TACE before
LDLT (Fig. 1).

We determined tumor response to TACE according to the last
radiologic assessment before LDLT based on modified response
evaluation criteria in solid tumors (mRECIST) criteria [17]. Forty-
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six patients (34.3%) showed complete response (CR) to TACE
and 27 patients (20.2%) had more than 30% decreases in viable
tumor (PR). Twenty-three patients (17.2%) had stable disease
(SD) and 38 patients (28.3%) showed progressive disease (PD)
as shown at Fig, 1. The Cox proportional hazard model which
evaluated tumor response to TACE showed CR patients were
significantly different from SD (disease free survival [DFS], P =
0.050; OS, P = 0.035) and PD (DFS, P = 0.008; OS, P = 0.010)
patients, but were not significantly different from PR (DFS; P =
0.809, OS; P = 0.586) patients (Fig. 2A, B). In order to perform
univariate and multivariate analyses regarding the effect of
TACE response on recurrence of HCC after LDLT, patients were
divided into 2 groups according to tumor response to TACE
prior to LDLT: responders (n = 73) and nonresponders (n = 61).
Responders included patients with CR or PR. Nonresponders
included patients with SD or PD (Fig. 1).

Univariate and multivariate analyses of factors

affecting recurrence of HCC after LDLT
A univariate Cox proportional hazard model showed

statistically significant risk factors for HCC recurrence after
LDLT were higher serum CRP (P = 0.006), ¢-FP (> 1,000 ng/mL)
level at transplantation (P < 0.001), beyond Milan criteria (P <
0.001), multiple HCC (P = 0.042), larger sized tumor (>3 cm) (P
< 0.001), bilobar distribution (P = 0.002), TACE nonresponders
(P < 0.001), higher tumor grade (P = 0.031), vascular invasion
(P < 0.001), portal vein thrombosis (P = 0.047), intrahepatic
metastasis (P < 0.001), and extrahepatic nodal involvement
(P = 0.012) (Table 2). Time-related factors including diagnosis-
LDLT time (P = 0.691), first TACE-LDLT time (P = 0.652),
and last TACE-LDLT time (P = 0.170) were not significant
in the univariate analysis for HCC recurrence after LDLT. A
multivariate Cox regression analysis also was performed which
included the above-mentioned variables which were significant
in the univariate analysis. Independent factors for HCC re-
currence after LDLT were larger sized tumor (>3 cm) (HR, 2.706;
05% C1, 1.143-6.407; P = 0.024), TACE nonresponders (HR, 3.207;
05% CI, 3.217-11.115; P = 0.031), microvascular invasion (HR,
4.006; 95% C1, 1.643-10.064; P = 0.002), and extrahepatic nodal
involvement (HR, 58.68; 95% CI, 5.34-640.62; P = 0.001).

The impact of TACE response on RFS, CSS, and OS

for all recipients and within subgroups
Table 3 presents the results from a Cox proportional hazard

model showing the influence of TACE response on HCC
recurrence and survival in all 134 recipients and subgroups
according to TACE numbers and duration of TACE to the time
of LDLT. This model was adjusted for independent factors such
as larger sized tumor (>3 cm), microvascular invasion, and
extrahepatic nodal involvement. For all 134 patients, RFS, CSS,
and OS appeared significantly higher in TACE responders (n

= 73) compared to TACE nonresponders (n = 61) (RFS: aHR,
4.199; P = 0.005; CSS: aHR, 3.652, P = 0.024; OS: aHR, 2.889;
P = 0.008). In RFS subgroup analysis, subgroups in which
TACE responders had higher significant aHR than those of all
recipients were single TACE (aHR, 10.281; P = 0.031), 12 months
or less time from diagnosis to LDLT (aHR , 5.078; P = 0.042), 12
months or less time from first TACE to LDLT (@HR, 5.790; P =
0.025), and 3 months or less time from last TACE to LDLT (aHR,
6.284; P = 0.007). In CSS subgroup analysis, subgroups in which
TACE responders had higher significant aHR than those of all
recipients were 12 months or less time from first TACE to LDLT
(@aHR, 4.531; P = 0.006), 6 months or less time from last TACE to
LDLT (aHR, 4.036; P = 0.036), and 3 months or less time from
last TACE to LDLT (aHR, 7.033; P = 0. 016). In OS subgroup
analysis, subgroups in which TACE responders had higher
significant aHR than those of all recipients were 6 months or
less time from last TACE to LDLT (aHR, 3.866; P = 0.019), and 3
months or less time from last TACE to LDLT (aHR, 7.055; P = 0.
005).

Optimal cutoff timing for LDLT in HCC patients

undergoing pre-LT TACE
Of the 134 patients, 29 patients (21.6%) experienced an HCC

recurrence. According to the monthly time from last TACE to
LDLT, numbers of patients who experienced recurrence after
LDLT were distributed as in Fig. 3A. Of 29 patients with HCC
recurrence, 25 patients (86.2%) were recipients undergoing TACE
12 months before LDLT. In all patients, the most common time
from TACE to LDLT based on HCC recurrence was 2 months -
specifically more than 2 months but less than 3 months (Fig,
3A). We divided the 134 patients undergoing TACE prior to
LDLT into 2 groups; the group who underwent pre-LT TACE in
each month (group A) and the group who did not (group B). The
“minimum P-value” approach, which was performed using a
log-rank test for comparison of the RFS between groups A and
B, was used to determine the best cutoff timing for LDLT after
TACE. In all patients, the optimal timing of LDLT after TACE
based on the significant difference between groups A and B was
2 months (P = 0.022) (Fig. 3A).

In the 73 patient TACE responder group, more than 2 months
but less than 3 months after TACE was the best cutoff timing
based on the significant difference between groups A and B
(P = 0.016) (Fig. 3B). However, there was no significant cutoff
value between groups A and B according to the log-rank test (Fig.
3Q).

DISCUSSION

Although the major issue regarding the optimal selection
criteria of LT for HCC still remains, LT has become the effective
treatment for selected patients with unresectable HCC. TACE is
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mainly used as bridging therapy for HCC patients awaiting LT
to prevent tumor progression and wait-list dropout and improve
posttransplant survival [9,10]. In addition, response to TACE has
been proposed as an LT biological selection criterion for HCC
because it may predict long-term outcome after LT [12-14]. These
previous reports' cohorts were mostly patients undergoing
DDLT. Thus, the first purpose of this study was to validate the
clinical usefulness of the response to pre-LT TACE based on the
estimation for risk of recurrence after LT in LDLT recipients.
Univariate Cox regression analysis for DFS and OS showed
TACE responder groups such as CR or PR showed significantly
higher DFS and OS than TACE nonresponder groups such as
SD or PD. Multivariate analysis for identification of risk factors
affecting recurrence of HCC after LDLT showed nonresponse to
TACE prior to LDLT was a significant independent factor as well
as larger tumor size, microvascular invasion, and extrahepatic
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[ No. of recurrence in each months
(time from last pre-LT TACE to LDLT)

1.0 7

&
%~ 0.8 =3
Q< 3
+ N (0]

Q
x 7 2
C =1
T2 0.6+ @
= g
8’(0 Q
5L il
(o) =]
o0 0.4+ )
=N )
TE S
75 z

=]

5

7

0-

Time (month) from last pre-LT TACE to LDLT
(No. of total patients in each months)

Fig. 3. Kaplan-Meier analysis of the interval between the last
pre-LT TACE and LDLT in all (A), RP (B), and NR (C) patients.
The minimum P-value approach indicated the significant
cutoff value for interval between last pre-LT TACE and LDLT
was 2 months in all patients and the RP group. LT, liver
transplantation; TACE, transarterial chemoembolization;
LDLT, living donor liver transplantation; RP, responder; NR,
nonresponder; DFS, disease-free survival.

nodal involvement. This study demonstrated that the response
to pre-LT TACE reflected HCC biology and could be used to
estimate recurrence even in LDLT recipients in previous studies
[12-14,18].

It is well-known that, for HCC patients listed for LT within
Milan criteria, a delay LT over 6 to 12 month is a risk factor
for tumor aggravation and wait-list dropout or interval
dissemination with posttransplant tumor recurrence [9,19].
In most Asian countries that included our Korea, LDLT was
developed as a practical alternative to DDLT because of unmet
needs such as shortage of deceased donors and strong demand
for LT. Determining the timing of LDLT is clinically crucial for
HCC patients undergoing local treatment because this timing
can be affected by physician subjective decisions as well as
strong requests for LDLT. For this reason, we assessed whether
LDLT optimal timing could be determined according to the
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response to pre-LT TACE. In subgroup analyses adjusted using
a Cox proportional hazard model, TACE responders with single
TACE had significantly higher aHR than aHR of all recipients.
In addition, TACE responders with shorter time-related factors
(ie., diagnosis-LDLT time, first TACE-LDLT time, and last TACE-
LDLT time) had significantly higher aHR than all recipients.
This indicated that smaller numbers of TACE prior to LDLT
and shorter time from TACE to LDLT tended to decrease the
risk of recurrence in TACE responders. For recipients with last
TACE-LDLT time within 3 months, DFS of responders was 6
fold higher than those of nonresponders. Using the minimum
P-value approach with a logrank test for comparison of the RFS
between groups A and B, if last TACE-LDLT time exceeded 2
months, the recurrence rate could be increased significantly
in TACE responders. Therefore we suggest that if unresectable
HCC patients showed good response to TACE applied as a
bridging therapy, LDLT may be performed within 2 months
after TACE.

This study's main limitation was its retrospective design.
Also, a large number of patients undergoing other treatments

such as RFA and RT were excluded to reduce confounding
factors. Also, time-related factors including diagnosis-LDLT
time, first TACE-LDLT time, and last TACE-LDLT time were not
significantly associated with HCC recurrence after LDLT even in
a univariate analysis of all patients. Finally, this study consisted
of a small cohort, especially for patients with HCC recurrence.
Hence, the minimum P-value approach was not enough to
generalize results regarding optimal LDLT timing,

In conclusion, mRECIST-defined TACE response could be
used to estimate recurrence of HCC after LDLT in patients
undergoing pre-LT TACE. For patients with a good response to
TACE, shorter LDLT waiting times after pre-LT TACE may be
associated with decreased risk for HCC recurrence after LDLT
and increased graft and patient survival.
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