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Curative Salvage Liver Transplantation
in Patients With Cirrhosis and
Hepatocellular Carcinoma:
An Intention-to-Treat Analysis
Robbert J. de Haas,1,2 Chetana Lim ,3 Prashant Bhangui,4 Chady Salloum,3 Philippe Compagnon,3,5

Cyrille Feray,5,6 Julien Calderaro,7 Alain Luciani,1,5* and Daniel Azoulay3,5*

The salvage liver transplantation (SLT) strategy was conceived for initially resectable and transplantable (R&T) hepatocel-

lular carcinoma (HCC) patients, to try to obviate upfront liver transplantation, with the “safety net” of SLT in case of

postresection recurrence. The SLT strategy is successful or curative when patients are recurrence free following primary

resection alone, or after SLT for recurrence. The aim of the current study was to determine the SLT strategy’s potential

for cure in R&T HCC patients, and to identify predictors for its success. From 1994 to 2012, all R&T HCC patients

with cirrhosis were enrolled in the SLT strategy. An intention-to-treat (ITT) analysis was used to determine this strategy’s

outcomes and predictors of success according to the above definition. In total, 110 patients were enrolled in the SLT strat-

egy. Sixty-three patients (57%) had tumor recurrence after initial resection, and in 30 patients SLT could be performed

(recurrence transplantability rate 5 48%). From the time of initial resection, ITT 5-year overall and disease-free survival

rates were 69% and 60%, respectively. The SLT strategy was successful in 60 patients (56%), either by resection alone

(36%), or by SLT for recurrence (19%). Preresection predictors of successful SLT strategy at multivariate analysis included

Model for End-Stage Liver Disease (MELD) score >10, and absence of neoadjuvant transarterial chemoembolization

(TACE). Additional postresection predictive factors were absence of postresection morbidity, and T-stage 1-2 at the resec-

tion specimen. Conclusion: The SLT strategy is curative in only 56% of cases. Higher MELD score at inception of the

strategy and no pre-resection TACE are predictors of successful SLT strategy. (HEPATOLOGY 2018;67:204-215).

T
he salvage liver transplantation (SLT) strategy
consists of primary liver resection for resect-
able and transplantable (R&T) hepatocellular

carcinoma (HCC), followed by SLT in case of trans-
plantable tumor recurrence.(1,2) This could help in alle-
viating both the graft shortage and the dropout from
the transplant waiting list, which occurs in 25%-30%

of cases after 12 months, mainly attributed to tumor
progression.(3,4) The aforementioned definition of the
SLT strategy excludes LT “de principe” (also called
preemptive) after resection based on the histopatholog-
ical examination of the resection specimen,(5) resection
as a bridge to liver transplantation (LT) where the
tumor (transplantable or not) is resected in the waiting
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period after the patient has been listed for LT,(6) and
the rare cases of rescue LT for postoperative irrevers-
ible liver failure following liver resection.
To date, studies in HCC patients have not focused on

the likelihood of cure from the patient’s perspective, in
contrast to other cancers.(7) To put into this perspective,
the SLT strategy is a success and “truly curative” when
resection with or without subsequent SLT is not followed
by postoperative death or disease recurrence after a suffi-
cient follow-up period of conventionally 5 years. Con-
versely, the strategy has failed in case of: (1) postoperative
death (after resection or SLT); (2) denial of listing for
SLT in case of recurrence because of medical(8) or onco-
logical reasons(9,10); (3) dropout from the waiting list for
SLT for any reason; and (4) tumor recurrence following
SLT.
The reported actual transplantability rate of HCC

recurrence following primary resection (which occurs
in up to 70% of cases at 5 years(11)) is below 50% in
most series (Supporting Table S1(2,5,12-33)). Thus, suc-
cessful SLT strategy cannot be guaranteed to the
patient before liver resection.
The objective of our study was to analyze the suc-

cess rate of the SLT strategy from the patient’s per-
spective on an intention-to-treat (ITT) basis.
Independent predictors of a successful SLT strategy
were identified among variables available before pri-
mary resection to facilitate the shared-decision process
to embark on such a strategy. In addition, periopera-
tive and histopathological factors were subsequently
added to the analysis, to enable a second decision-
making moment after resection whether to continue
with this strategy (i.e., to wait for recurrence before
SLT), or to change the treatment strategy for the
individual patient.

Patients and Methods

STUDY POPULATION

All consecutive patients with cirrhosis who under-
went liver resection for R&T HCC at our institution
between 1994 and 2012 were enrolled in the SLT
strategy and included in the study. Patients were iden-
tified from our prospectively maintained Human Sub-
ject Committee–approved database and retrospectively
analyzed. Patients treated between 1990 and 2007
were reported previously.(13) In the current analysis,
only patients with complete medical records were in-
cluded, and therefore the study period started in 1994.
No donor organs were obtained from executed prison-
ers or other institutionalized persons.
HCC patients were considered primarily resectable

when fulfilling all of the following criteria: (1) absence
of prohibitive comorbidities; (2) acceptable liver func-
tion (depending on the planned extent of resection);
(3) planned macroscopic complete resection (R0 re-
section); and (4) absence of extrahepatic disease. Pres-
ence of portal hypertension (PH) was not considered a
strict contraindication for resection, provided that
there was no history of encephalopathy, ascites, or vari-
ceal rupture.
Patients with HCC were considered transplantable

when they fulfilled all of the following criteria: (1)
absence of prohibitive comorbidities; (2) age �70
years; and (3) HCC within the Milan criteria evaluated
on preoperative imaging.(9) HCC patients were con-
sidered R&T when they fulfilled all of the criteria for
resection and LT.
SLT was defined as LT performed in patients with

HCC recurrence after a primary resection for R&T
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France; 2Department of Radiology, Medical Imaging Center Groningen, University Medical Center Groningen, Groningen, The Nether-

lands; 3Department of Hepato-Pancreato-Biliary Surgery and Liver Transplantation, Henri Mondor Hospital, Assistance Publique-
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HCC, provided that the recurrent tumor met the
Milan criteria (i.e., fulfilled our local transplantation
criteria) and was the primary indication for listing for
LT.
Patients who underwent SLT for HCC recurrence

following primary resection for nontransplantable
HCC (downstaging),(34) those who underwent LT
after resection as a bridge therapy,(6) or those who
underwent LT “de principe,”(5) were excluded from
the analysis. Patients enrolled in the SLT strategy who
underwent LT for postoperative irreversible liver fail-
ure following primary resection for R&T HCC (rescue
LT) were included in the ITT analysis, but excluded
from other analyses because they were neither exposed
to early death nor to tumor recurrence following
resection.

DIAGNOSTIC WORKUP AND
SURGICAL TECHNIQUES

Before 2005, HCC was diagnosed according to
acknowledged criteria.(35) After 2005, diagnosis of
HCC was based on the guidelines of the American
Association for the Study of Liver Diseases (AASLD)
and the European Association for the Study of the
Liver (EASL).(36,37) Percutaneous biopsy of the tumor
and nontumor parenchyma was performed whenever
required. The details of surgical techniques and patient
selection criteria for liver resection and LT have been
described.(38)

HISTOPATHOLOGICAL
EXAMINATION

Histopathological examination of the resection and
explanted specimen included the following: number,
size and location of tumor nodules, presence of vascu-
lar invasion (none, macroscopic, or microscopic), pres-
ence of satellite nodules, histological tumor grade, and
surgical margins in case of resection.

POSTOPERATIVE OUTCOMES
AND FOLLOW-UP

Postoperative mortality and morbidity were defined
as death or complications within 3 months of surgery
or at any time during initial hospitalization postsur-
gery. Postoperative morbidity was classified according
to the Dindo-Clavien classification.(39) Postoperative
follow-up included liver function tests, a-fetoprotein
(AFP) level, and four-phase computed tomography

(CT) or magnetic resonance imaging (MRI) starting at
3 months after the operation, and then every 3 months
for 2 years, and thereafter every 6 months.

STATISTICAL ANALYSIS

Patient characteristics are expressed as median
with interquartile range (IQR) for continuous data
and as frequency for categorical data. Differences
between subgroups were compared with the chi-
square test and Mann-Whitney U test, as appropri-
ate. Univariate analysis was performed to identify
factors significantly related to successful SLT strat-
egy by using the chi-square test. To identify inde-
pendent predictors of successful SLT strategy, a
multivariate analysis (logistic regression) was per-
formed, including all relevant factors with a univari-
ate P � 0.10. The analyses were performed in two
ways: (1) including only preoperatively available fac-
tors and (2) including preoperative, operative, and
histopathological factors.
Overall (OS) and disease-free survival (DFS) rates

after initial liver resection were calculated by the
Kaplan-Meier method on an ITT basis (i.e., from the
date of primary liver resection for the total study popu-
lation). Survival rates of patients with successful SLT
strategy were compared to those in whom the SLT
strategy failed by using the log-rank test. A P value
�0.05 was considered statistically significant. SPSS
software (version 20.0; SPSS, Inc., Chicago, IL) was
used for all statistical analyses.

Results

STUDY POPULATION

Between 1994 and 2012, 356 patients with liver cir-
rhosis underwent liver resection for HCC (Figure 1).
Of these, 246 patients (69%) did not fulfill the criteria
for LT at the time of liver resection, and were therefore
excluded from the study. The remaining study popula-
tion consisted of 110 patients considered both R&T at
the time of liver resection and were enrolled in the
SLT strategy. The study population and outcomes are
summarized in the flow chart of Fig. 1.
There were 89 men (81%) and 21 women (19%),

with a median age of 58.5 years (IQR, 51.2-64.6;
Table 1). Underlying chronic liver disease was attrib-
uted to viral hepatitis (VH) in 63 patients (57%) and
in 22 (20%) to alcohol. The median Model for End-
Stage Liver Disease (MELD) score was 8.0 (IQR,
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7.0-9.3). A single HCC lesion was present in 89% of
cases (N 5 98), and the median maximum lesion
diameter was 30.0 mm (IQR, 20.0-40.0). All patients
were Barcelona Clinic Liver Cancer (BCLC) stage 0
(25%) or stage A (75%). Signs of PH were present in
33% of patients (N 5 36).

PRIMARY LIVER RESECTION

In 11 patients (10%), transarterial chemoemboliza-
tion (TACE) had been performed before referral to
our center. Laparoscopic liver resection was performed
in 54 patients (49%). Twenty-seven patients (25%)
underwent a major hepatectomy (�3 segments; Table
2). HCC was confirmed histologically in all cases
(Supporting Table S2).
Six patients (5%) died within 90 days after liver

resection (because of liver failure in 4 cases and sepsis
in 2 cases). These six patients could not be listed for
rescue LT because of almost simultaneous onset of
multiple organ failure. The postoperative morbidity
rate was 31% (34 of 110 patients; Table 2). Two
patients (2%) needed rescue LT within 1 month
postresection.

DISCREPANCY OF
TRANSPLANTABILITY UPON
PRERESECTION IMAGING
VERSUS HISTOPATHOLOGICAL
SPECIMEN ANALYSIS

Although all patients met the Milan criteria for LT
upon preresection imaging, 31 patients (28%) were
found to be actually outside the Milan criteria at histo-
pathological examination of the resection specimen (11
patients because of larger tumor size, 7 because of
larger tumor size and macroscopic subsegmental portal
vein tumor thrombus [PVTT], 1 because of both larger
tumor number and greater size, 1 had a greater tumor
number and size combined with macroscopic sub-
segmental PVTT, and 11 had macroscopic PVTT;
Supporting Table S2).

TUMOR RECURRENCE AFTER
INITIAL LIVER RESECTION

Following liver resection, 57% of patients (63 of
110) on an ITT basis and 62% of patients (63 of 102),
when excluding six postoperative deaths and two

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Flow chart study population. *Patients who underwent rescue LT were only included in the intention-to-treat analysis, and
excluded from the SLT strategy population. Successful SLT strategy is defined as survival without recurrence after a sufficient follow-
up either after resection or after SLT. Failed SLT strategy is defined as postresection or post-SLT death, nontransplantable recurrence
(i.e., exceeding transplantation tumor criteria or de novo medical reasons), dropout from the waiting list, or post-SLT tumor recur-
rence. Rescue liver transplantation is defined as LT for irreversible liver failure after liver resection.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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rescue LTs, developed HCC recurrence. The median
time to recurrence was 14.1 months (IQR, 6.2-29.1).
Of these, 16 patients (25%) did not fulfil our local
transplantation criteria (either exceeding Milan criteria
in 9 cases or because of concomitant extrahepatic

metastases in 7); 14 of these had died at last follow-up.
The remaining 47 patients (47 of 63; 75%) with HCC
recurrence who fulfilled the transplantation criteria
were listed for SLT within 2 months of diagnosis of
recurrence. Seventeen patients (17 of 47; 36%)

TABLE 1. Patient and Tumor Characteristics Before Liver Resection

Variable
Total Study Population

(N 5 110)

Successful SLT Strategy

P Value
Yes

(N 5 60)
No

(N 5 48)

Patients
Median age, years (IQR) 58.5 (51.2-64.6) 59.2 (50.3-64.2) 58.5 (52.1-64.9) 0.35
Male/female 89 (81%)/21 (19%) 46 (77%)/14 (23%) 41 (85%)/7 (15%) 0.25
Median BMI, kg/m2 (IQR) 24.9 (22.3-27.3) 25.1 (22.1-27.7) 24.8 (22.3-26.5) 0.73

Underlying liver disease
VH 63 (57%) 32 (53%) 29 (60%) 0.62
Chronic alcoholism 22 (20%) 12 (20%) 10 (21%)
Other 25 (23%) 16 (27%) 9 (19%)

Child-Pugh grading
A 106 (96%) 57 (95%) 47 (98%) 0.43
B 4 (4%) 3 (5%) 1 (2%)

BCLC stage
0 27 (25%) 15 (25%) 12 (25%) 1.00
A 83 (75%) 45 (75%) 36 (75%)

Median MELD score (IQR) 8.0 (7.0-9.3) 8.0 (7.0-10.0) 8.0 (7.0-9.0) 0.37

Comorbidities
Diabetes mellitus 14 (13%) 5 (8%) 9 (19%) 0.11
Chronic pulmonary diseases 12 (11%)* 4 (7%) 7 (15%) 0.18
Cardiovascular diseases 8 (7%)* 3 (5%) 4 (8%) 0.48

Median ASA score (IQR) 2.0 (2.0-3.0) 2.0 (2.0-3.0) 2.0 (2.0-3.0) 0.65
Median AFP level, ng/mL (IQR) 9.1 (4.0-46.8) 9.0 (4.0-19.2) 9.8 (4.0-86.8) 0.61
Median serum total bilirubin lmol/L (IQR) 12.0 (7.0-16.0) 11.0 (6.0-18.0) 12.0 (9.0-16.0) 0.99
Median platelet count, cells/mL (IQR) 166 3 103 (124-236) 177 3 103 (139-236) 156 3 103 (118-245) 0.43
Median INR (IQR) 1.1 (1.0-1.2) 1.0 (1.0-1.2) 1.1 (1.0-1.2) 0.91
Median AST level, IU/L (IQR) 44 (27-69) 44 (25-77) 43 (30-63) 0.89
Median ALT level, IU/L (IQR) 35 (25-70) 34 (22-80) 38 (29-56) 0.54
Median creatinine, lmol/L (IQR) 82 (71-98) 81 (69-94) 84 (73-99) 0.30

Treatment period
1994-2005 47 (43%) 22 (37%) 25 (52%) 0.11
2005-2012 63 (57%) 38 (63%) 23 (48%)

Preoperative imaging
Median total number of lesions (IQR) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.08
Single lesion 98 (89%) 57 (95%) 41 (85%) 0.09
Median largest diameter, mm (IQR) 30 (20-40) 30 (20-40) 30 (20-40) 0.48
Uni-/bilateral distribution 102 (93%)/8 (7%) 59 (98%)/1 (2%) 43 (90%)/5 (10%) 0.05
Vascular invasion 0 (0%) 0 (0%) 0 (0%) —
Signs of PH 36 (33%)* 19 (32%) 16 (33%) 0.85

Preoperative portal vein embolization 3 (3%) 1 (2%) 2 (4%) 0.43

Preoperative TACE
No 99 (90%) 57 (95%) 40 (83%) 0.05
Yes 11 (10%) 3 (5%) 8 (17%)

*One patient only included in ITT analysis because of necessity to perform rescue LT.
Abbreviations: BMI, body mass index; ASA, American Society of Anaesthesiologists; INR, international normalized ratio; AST,
aspartate aminotransferase; ALT, alanine transaminase.
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dropped out from the waiting list, of whom 6 (35%)
were alive with disease recurrence and 11 (65%) had
died at last follow-up. Reasons for dropout were dis-
ease progression (13 of 17 patients; 76%), age >70
years, fatal pulmonary infection, worsening of cardio-
vascular comorbidity, and de novo breast cancer with
lung metastases while on the waiting list in 1 case
each. SLT was ultimately performed in 30 cases (64%
[30 of 47 patients listed for SLT]; 48% [30 of 63
patients] of all patients with HCC recurrence; and
27% [30 of 110 patients] of the ITT population). Of
these, 1 patient died within 90 days following SLT
(90-day mortality 5 3%). Twenty-four patients (80%)
developed at least one complication following SLT
(including 9 patients [30%] with Dindo-Clavien grade
III/IV complications). Eight patients (27%) developed
HCC recurrence following SLT with a median time to
recurrence of 47.8 months (IQR, 17.6-105.3). The
cumulative mortality following liver resection and SLT
was 5% (7 of 140 procedures; 6.4% [7 of 110] of the
total study population).

SUCCESS OF THE SLT STRATEGY

After exclusion of the 2 cases of rescue LT, the SLT
strategy could be considered successful in 60 patients
(60 of 108; 56%), 39 patients (36%) who were without
disease recurrence following resection alone at last
follow-up and 21 (19%) without tumor recurrence fol-
lowing SLT. On the other hand, the SLT strategy had
failed in 48 patients (48 of 108; 44%): 6 patients died
posthepatectomy, 1 died post-SLT, 16 presented with
nontransplantable HCC recurrence postresection, 17
dropped out from the waiting list for SLT, and 8 devel-
oped disease recurrence after SLT. Whereas 75% (47
of 63 patients) of patients with recurrence were
deemed transplantable, only 48% (30 of 63 patients)
could actually be transplanted.

LONG-TERM OUTCOMES

The median follow-up was 53.9 months (IQR,
24.8-92.5) after primary liver resection for the entire

TABLE 2. Primary Liver Resection Details

Variable
Total Study Population

(N 5 110)

Successful SLT Strategy

P Value
Yes

(N 5 60)
No

(N 5 48)

Operative characteristics
Major (�3 segments) hepatectomy 27 (25%) 14 (23%) 13 (27%) 0.66
Approach

Laparotomy 56 (51%) 26 (43%) 29 (60%) 0.08
Laparoscopy 54 (49%) 34 (57%) 19 (40%)

Vascular occlusion
None 46 (42%) 30 (50%) 14 (29%) 0.09
Pedicular 62 (56%) 29 (48%) 33 (69%)
Vascular exclusion 2 (2%) 1 (2%) 1 (2%)

Median clamping time, min (IQR) 16 (0-37) 5 (0-30) 30 (0-45) 0.01
Median operation time, min (IQR) 190 (150-240) 180 (135-240) 210 (174-248) 0.02
Intraoperative RBC transfusion 10 (9%) 3 (5%) 7 (15%) 0.09

Short-term outcomes
90-day mortality 6 (5%) 0 (0%) 6 (13%) 0.005
Postoperative complications* 34 patients (31%)† 9 patients (15%) 24 patients (50%) <0.001
Hepatic‡

Dindo-Clavien grade I/II 7 (32%) 1 (14%) 6 (43%) 0.17
Dindo-Clavien grade III/IV 15 (68%) 6 (86%) 8 (57%)

General§

Dindo-Clavien grade I/II 5 (38%) 1 (33%) 4 (40%) 0.62
Dindo-Clavien grade III/IV 8 (62%) 2 (67%) 6 (60%)

*One patient had both hepatic and general complications.
†One patient only included in ITT analysis attributed to necessity to perform rescue LT.
‡As hepatic complications were considered: biliary leak/bilioma, hemorrhage, infected collection, noninfected collection, and transient
liver insufficiency.
§As general complications were considered: pulmonary, cardiovascular, urinary tract, infectious (other than local hepatic), and iatro-
genic complications.
Abbreviation: RBC, red blood cell.
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study population and 62.6 months (IQR, 37.6-96.1)
for patients alive at last follow-up.
Following primary liver resection (ITT population),

1-, 3-, and 5-year OS rates were 88%, 73%, and 69%,
respectively (Fig. 2). In the same population, 1-, 3-,
and 5-year DFS rates were 81%, 63%, and 60%,
respectively (Fig. 2).
One-, 3-, and 5-year OS and DFS rates starting

from the time of SLT were 93%, 89%, and 85%, and
93%, 82%, and 69%, respectively.
One-, 3-, and 5-year OS was significantly higher

among patients in whom the SLT strategy was suc-
cessful, compared with those in whom the SLT strat-
egy had failed (96%, 93%, and 93% vs. 77%, 50%, and

41%; P < 0.001; Fig. 3A). Similarly, 1-, 3-, and 5-year
DFS after primary liver resection was significantly
higher in patients with successful SLT strategy com-
pared with failed SLT strategy (96%, 93%, and 93%
vs. 61%, 26%, and 21%; P < 0.001; Fig. 3B).

INDEPENDENT PREDICTORS
OF SUCCESSFUL SLT STRATEGY

At multivariate analysis, two independent predictors
of successful SLT strategy were identified among
factors available before primary resection: MELD
score >10 (relative risk [RR], 6.3; 95% confidence
interval [CI], 1.5-27.1; P 5 0.01) and absence of pre-
operative TACE (RR, 5.9; 95% CI, 1.2-28.3; P 5

0.03; Table 3). After including primary liver resection
and histopathological factors, multivariate analysis
identified three independent predictors of successful
SLT strategy: MELD score >10 (RR, 9.3; 95% CI,
1.9-45.8; P 5 0.006); no postoperative morbidity (RR,
6.1; 95% CI, 2.1-17.2; P 5 0.001); and tumor stage 1-
2 on histopathology of the resected specimen (RR, 4.6;
95% CI, 1.4-15.6; P 5 0.01; Table 3). The influence
of each preoperative predictive factor on OS and DFS
is illustrated in Supporting Figs. S1 and S2. The com-
plete univariate analyses are shown in Supporting
Tables S3 and S4.

Discussion
The present study is one of the few evaluating the

results of the SLT strategy on an ITT basis and the
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FIG. 2. OS and DFS after liver resection in the total study pop-
ulation (ITT analysis).
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FIG. 3. (A) OS after liver resection according to successful or failed SLT strategy. (B) DFS after liver resection according to success-
ful or failed SLT strategy.
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TABLE 3. Multivariate Analysis of Predictive Factors of Successful SLT Strategy

Successful SLT Strategy

Variable
Yes

(N 5 60)
No

(N 5 48) UV P MV P RR (95% CI)

Multivariate analysis including only preoperatively available factors
MELD score
�10 46 (77%) 45 (94%) 0.02 0.01 6.3 (1.5-27.1)
>10 14 (23%) 3 (6%)

AST level
�20 IU/L 8 (15%) 2 (4%) 0.08 0.11 —
>20 IU/L 46 (85%) 45 (96%)

Creatinine
�90 lmol/L 43 (72%) 27 (56%) 0.10 0.06 —
>90 lmol/L 17 (28%) 21 (44%)

Single lesion at preoperative imaging
No 3 (5%) 7 (15%) 0.09 0.17 —
Yes 57 (95%) 41 (85%)

Distribution at preoperative imaging
Unilateral 59 (98%) 43 (90%) 0.05 0.21 —
Bilateral 1 (2%) 5 (10%)

Preoperative TACE
No 57 (95%) 40 (83%) 0.05 0.03 5.9 (1.2-28.3)
Yes 3 (5%) 8 (17%)

Multivariate analysis including preoperative, operative, and histopathological factors
MELD score
�10 46 (77%) 45 (94%) 0.02 0.006 9.3 (1.9-45.8)
>10 14 (23%) 3 (6%)

AST level
�20 IU/L 8 (15%) 2 (4%) 0.08 0.26 —
>20 IU/L 46 (85%) 45 (96%)

Creatinine
�90 lmol/L 43 (72%) 27 (56%) 0.10 0.06 —
>90 lmol/L 17 (28%) 21 (44%)

Distribution at preoperative imaging
Unilateral 59 (98%) 43 (90%) 0.05 0.89 —
Bilateral 1 (2%) 5 (10%)

Preoperative TACE
No 57 (95%) 40 (83%) 0.05 0.08 —
Yes 3 (5%) 8 (17%)

Liver resection approach
Laparotomy 26 (43%) 29 (60%) 0.08 0.63 —
Laparoscopy 34 (57%) 19 (40%)

Vascular occlusion
No 30 (50%) 14 (29%) 0.03 0.81 —
Yes 30 (50%) 34 (71%)

Clamping time
�30 min 46 (77%) 28 (58%) 0.04 0.10 —
>30 min 14 (23%) 20 (42%)

Operation time
�150 min 25 (42%) 10 (22%) 0.03 0.44 —
>150 min 34 (58%) 36 (78%)

Intraoperative RBC transfusion
No 57 (95%) 41 (85%) 0.09 0.28 —
Yes 3 (5%) 7 (15%)

Postoperative morbidity
No 51 (85%) 24 (50%) <0.001 0.001 6.1 (2.1-17.2)
Yes 9 (15%) 24 (50%)
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first using the concept of success of the strategy from
the patient’s perspective. In the current study, upfront
R&T HCC patients enrolled in the SLT strategy were
“truly cured” by this strategy in only 56% of cases,
either by liver resection alone (36% of patients) or by
SLT (19% of patients).
The gap between theoretical and actual transplant-

ability following HCC recurrence in the SLT strategy
is a point of constant debate. On an ITT basis, our
study showed that the theoretical transplantability rate
of HCC was 100% before resection, dropped to 75%
when a recurrence occurred, and ultimately the actual
transplantability following recurrence was even lower
at 48%. This large discrepancy between theoretical and
actual transplantability following HCC recurrence has
also been observed in other series, with the first varying
between 25% and 83%, whereas the second ranges
between 3% and 49% (Supporting Table S1(2,5,12-33)).
When an individual patient accepts to enroll in the

SLT strategy, he or she accepts the following risks: (1)
postoperative mortality following primary liver resec-
tion; (2) postoperative irreversible liver failure needing
urgent rescue LT; (3) nontransplantability in case of
HCC recurrence; (4) high dropout rate whenever listed
for HCC recurrence; (5) postoperative mortality fol-
lowing SLT; and (6) recurrence following SLT, the
main long-term survival determinant. The rates for the

above in our study were 5%, 2%, 25%, 36%, 3%, and
27% respectively (Fig. 1). These six risks underline the
need to balance the ratio of “the risks for the patient to
the benefits for the society.”
In an attempt to optimize this ratio, independent

predictors of successful SLT strategy were identified
for the first time among those factors available before
initial liver resection to enable an estimation of the
potential success of this strategy before resection. This
was in contrast to most other previous studies where
predictors of nontransplantability of HCC recurrence
were identified based on histopathological examination
of the primary resection specimen and the charac-
teristics of the recurrence, and hence could not guide
preresection treatment decisions.(12,18,31) In our study,
a MELD score >10, and absence of preresection
TACE at enrollment in the strategy, emerged as inde-
pendent predictors of a successful SLT strategy. Prere-
section TACE in patients with R&T HCC has been
reported to increase dropout from definitive surgery
attributed to disease progression and liver failure.(40)

The small sample size of patients treated with TACE
before primary resection in the present series precluded
any valuable analysis. In several studies, it was demon-
strated that higher MELD scores were related to sig-
nificant survival benefit after LT, reflecting effective
clinical decision taking and recipient selection.(41,42)

TABLE 3. Continued

Successful SLT Strategy

Variable
Yes

(N 5 60)
No

(N 5 48) UV P MV P RR (95% CI)

Single lesion at histopathology
No 1 (2%) 9 (19%) 0.002 0.90 —
Yes 59 (98%) 39 (81%)

Largest lesion diameter at histopathology
�30 mm 35 (58%) 18 (38%) 0.03 0.70 —
>30 mm 25 (42%) 30 (62%)

Satellite nodules at histopathology
No 49 (82%) 30 (62%) 0.03 0.60 —
Yes 11 (18%) 18 (38%)

Macroscopic vascular invasion at histopathology
No 55 (92%) 34 (71%) 0.005 0.39 —
Yes 5 (8%) 14 (29%)

Microscopic vascular invasion at histopathology
No 40 (67%) 24 (50%) 0.08 0.95 —
Yes 20 (33%) 24 (50%)

T-stage at histopathology
1-2 52 (87%) 29 (60%) 0.002 0.01 4.6 (1.4-15.6)
3-4 8 (13%) 19 (40%)

Cut-off points were chosen according to statistical significance and clinical relevance.
Abbreviations: UV, univariate; MV, multivariate; AST, aspartate aminotransferase; RBC, red blood cell.
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Most probably, this is also true for our study, in which
higher MELD score independently predicted success-
ful SLT strategy.
Adding perioperative and histopathological factors

to our multivariate analysis enables “dynamic” patient
selection and patient tailored treatment. The identifi-
cation of posthepatectomy morbidity as an indepen-
dent predictor of failure of the SLT strategy is in line
with the reported independent correlation between
postoperative complications after curative resection for
HCC and poor OS.(43) A lower T-stage at histopatho-
logical examination of the resection specimen is a logi-
cal factor, because it reflects smaller disease burden.
It is noteworthy that combined preoperative CT and

MRI imaging did not always correspond to histopatho-
logical results regarding determination of transplantabil-
ity before resection according to the Milan criteria.
Whereas the whole study population, by definition, met
the Milan criteria upon preresection imaging, the resec-
tion specimen analysis revealed that 72% of patients (79
of 110) still met these criteria, whereas 31 (28%) did not
anymore (mainly because of larger tumor diameter and
macroscopic subsegmental PVTT).
So far, cumulative mortality rates of primary liver

resection and SLT have never been directly reported
and could only be calculated in 7 of 23 studies, varying
between 1% and 7% (Supporting Table S1(2,5,12-33)).
This cumulative postoperative mortality (6.4% of
patients in our study) is important information that
needs to be shared with the potential candidate for the
SLT strategy.(7)

Most of the previous studies have focused on outcomes
from the time of SLT rather than on an ITT basis (from
the time of initial resection). In our series, 5-year OS after
SLT was 85%, comparing favorably with most of the
published series.(9,10,12,44,45) Repeated curative treat-
ments, including liver resection and local ablative techni-
ques, are an important factor in achieving these favorable
long-term outcomes. The post-SLT recurrence rate was
27% in our series, which lies within the spectrum
reported in relevant series of SLT for HCC.(46)

Several studies comparing the SLT strategy with
primary LT, of whom only a few used an ITT design,
showed that (1) only 32.5% (range, 22-49) of patients
with tumor recurrence after primary resection ulti-
mately were transplanted; (2) OS rates after SLT did
not significantly differ from those after primary LT,
however, noninferiority could not be proven; and (3)
5-year DFS rates were worse after completed
SLT.(16,19,47,48) Furthermore, whereas these studies
included many patients exceeding the Milan criteria at

primary resection, our study population consisted only
of patients fulfilling these criteria, reinforcing our
message.
Based on our results, the SLT strategy should be

considered with extreme caution, or even contraindi-
cated, in patients in whom both negative preoperative
predictors are present. In these patients, we would
rather consider upfront listing for primary LT and
neoadjuvant pretransplant ablation therapy, such as
TACE, radiofrequency, or bridge resection, to control
the disease during the waiting period. When a suitable
healthy living liver donor is available, living donor liver
transplantation (LDLT) should be preferred. Our
group has recently shown, on an ITT basis, that
LDLT eliminates the waiting period and yields favor-
able long-term outcomes in HCC patients.(49) When
no negative preoperative factors are present, the patient
should be encouraged to enroll in the SLT strategy
after informing him or her (1) about the risks and pos-
sible long-term outcomes and (2) that this might be
revised (maintained or changed) after primary resection
in case of postoperative complications, and according
to the histopathological results of the resection
specimen.
Our study does have some shortcomings. First, it is

a retrospective analysis of prospectively collected data
over a long period of time, during which the accuracy
of imaging modalities, ease of access to LT, and peri-
operative management have improved. However, the
SLT strategy has been applied at our center to all con-
secutive eligible patients already since 1990,(13) and our
study population is possibly one of the largest single-
center series of SLT patients to date. Second,
randomized-controlled trials, on an ITT basis, com-
paring the SLT strategy with other strategies, such as
upfront LT or resection as a bridge to LT, would be
ideal. However, such trials may not be possible because
of practical and ethical reasons, as well as the possibili-
ties provided by LDLT. Third, some events following
primary resection have been classified as SLT strategy
failures (e.g., development of extrahepatic metastases),
whereas these actually are not strategy failures (e.g.,
primary resection obviated upfront LT, which would
have been followed by extrahepatic metastases). The
choice to classify these cases as SLT strategy failures
was guided by our main study objective, that is, per-
forming an analysis in the patient’s perspective and
perception of cure.(7)

In conclusion, the low actual transplantability rate
after HCC recurrence following primary resection
remains the Achilles heel of the SLT strategy. The
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best candidates for this strategy are patients with a
higher MELD score, no preoperative TACE, no post-
operative complications after initial resection, and low
T-stage in the resected specimen. These predictive fac-
tors enable patient-tailored health care in HCC
patients by selecting best candidates for the SLT strat-
egy, still saving liver grafts. The results of our study
should facilitate both an upstream and a dynamic
shared-decision process between doctors and a well-
informed patient to enroll or not in the SLT strategy.
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