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Abstract

Background Hepatic resection (HR) and liver transplantation (LT) are potentially curative treatments for
Hepatocellular carcinoma (HCC). The aim of this study was to analyze the survival of patients with HCC and indications
for surgical treatment (HR or LT) in a high-volume center.

Methods This was a retrospective cohort study of consecutive patients with HCC and indications for LT or HR from
May 2006 to July 2019. Analysis of overall survival (OS) and disease-free survival (DFS) rates, univariate analysis and
construction of a multivariable model to identify risk factors were performed.

Results A total of 744 patients with HCC were evaluated, 563 (75.6%) of whom were enrolled in waiting list for LT
and 181 (24.4%) of whom underwent HR. Among the patients enrolled in the waiting list, 362 (64.3%) underwent LT,
whereas 201 (35.7%) remained on the waiting list (WL). From the group of 201 patients on the waiting list, 97 (48.2%)
were removed from the list due to tumor progression beyond the Milan criteria (MC), and 83 (41.3%) died while
waiting for the transplant. In the WL group, 97 (48.2%) patients were removed from the list due to tumor progression
beyond the MC, another 83 (41.3%) patients died while waiting for the LT. The OS rates of the LT group were 77.4%,
67.5% and 56.8%, whereas those of the WL + LT (intention-to-treat) group were 59.9%, 47.3%, and 39.9%, and the HRs
were 82.8%, 49.3%, and 33.4% at 1, 5 and 10 years, respectively (p=0.001). Donor age (p=0.002) and cold ischemia
time (p <0.001) were independent factors related to OS in the LT group, whereas the presence of significant portal
hypertension (p <0.001), alpha-fetoprotein (AFP) value (p <0.001) and MC (p=0.002) were independent factors for HR.
The DFS rates for HR were 74.9%, 40.0% and 31.0%, and those for LT were 97.9%, 92.0% and 90.9% at 1, 5 and 10 years,
respectively (p <0.001). Higher AFP levels were identified as an independent factor for lower DFS in both groups.

Conclusions The present study revealed that the OS of patients listed for LT was greater in the first year than in the
second year and that the results were similar to those of the HR in an intention-to-treat analysis. However, patients
who achieve LT have better long-term outcomes, especially disease-free survival.
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Background

Hepatocellular carcinoma (HCC) is the most common
primary malignant neoplasm of the liver, accounting for
approximately 75% of cases [1]. HCC represents a global
health issue associated with considerable morbidity and
mortality. It is the sixth most common malignant neo-
plasm worldwide and the third leading cause of cancer-
related death in 2020. In that same year, approximately
906,000 new cases and 830,000 deaths were reported [2].

HCC staging is an important step in defining treat-
ment prognosis. Several staging systems have been pro-
posed, with the most commonly used being the TNM [3]
and Barcelona Clinic Liver Cancer (BCLC) criteria [4].
The BCLC criteria are widely validated and categorize
patients with HCC into 5 stages, considering tumor mor-
phology, vascular invasion, the presence of portal hyper-
tension, the Child-Pugh score, and patient performance
status [5]. However, the surgical community has heav-
ily criticized this staging system. Points of contention
include the grouping of all single nodules within stage
A, whereas large nodules (>5 cm) have a worse progno-
sis and are contraindicated for transplantation. Patients
in stage B also have the potential for transplantation if
lesion size reduction (downstaging) occurs after locore-
gional treatment. Furthermore, stage C patients can
undergo locoregional treatment, especially those with
tumoral invasion of portal branches [6].

Additionally, the algorithm is overly restrictive regard-
ing indications for hepatic resection (HR). The use of
portal hypertension as a contraindication for resection
limits its application in patients with preserved liver
function. Child A patients in stages B and C could also
benefit from this procedure, as survival after HR is bet-
ter than noncurative treatments in patients with more
than one nodule (up to three) and advanced tumors with
tumor thrombosis and/or involvement of extrahepatic
structures adjacent to the liver. A recent study from Tai-
wan retrospectively evaluated 321 patients with BCLC
stage C HCC with macrovascular invasion and/or meta-
static tumors. The median survival of these patients was 7
months; however, among the 57 patients who underwent
resection, survival was 67 months [7]. Additionally, some
stage B and C patients could still benefit from transplan-
tation or locoregional treatment. A previous study from
our group including 30% of patients with BCLC stages B
and C disease subjected to liver resection reported 5-year
global and disease-free survival rates of 47.7% and 39.7%,
respectively [8].

For patient selection for liver transplantation (LT),
multiple criteria have been proposed; however, the Milan

criteria (MC) [9] are still the most commonly used cri-
teria to select patients with the greatest benefit. Cir-
rhotic patients with a single nodule up to 5 cm or up to
3 nodules, the largest up to 3 c¢cm, without macrovascu-
lar invasion or detectable metastases, fall under the MC.
The 5-year survival rate after transplantation for HCC
patients within the MC is 65-78%, which is comparable
to the 68-87% survival rate for those who underwent
transplantation without HCC [9]. However, the MC is
criticized for being overly restrictive, failing to benefit
patients with a good prognosis. In Brazil, there was an
adaptation of the MC by not considering nodules smaller
than 2 cm (regardless of number), informally named the
Milan—Brazil criteria (MBC). A cutoff point for AFP of
1,000 ng/mL was subsequently included. A multicenter
Brazilian study evaluating 1059 patients who were trans-
planted for HCC demonstrated a global 5-year survival
of 63% [10]. Disease-free survival at 5 years, compared
with patients within the MC and patients outside the
MC but within the MBC, was 94% and 82%, respectively
(p<0.001) [10]. Patients initially outside these criteria
may still benefit from LT if they respond to systemic or
locoregional treatments and return to the MBC, a situa-
tion termed downstaging.

In Brazil, patients on the waiting list for LT have been
allocated following the MELD score since July 2006.
Patients on the waiting list diagnosed with HCC within
MBC receive MELD exception points; however, even
with this advantage, long periods until LT are common,
especially in more populous states and for patients with
blood type O [11]. Patients within the MBC after down-
taging receive the same priority. During the waiting list,
patients are mainly subject to unfavorable outcomes,
such as tumor progression beyond MBC, drop out, and
death.

The purpose of this study was to evaluate the results of
an academic university referral center for the treatment
of HCC, comparing consecutive patients with indications
for LT or HR for HCC.

Methods

Data from patients with HCC selected for LT or HR in
our department from May 2006 to July 2019 were evalu-
ated. The diagnosis of HCC was based on clinical data,
mostly radiological criteria, and was later confirmed
by histopathological evaluation of surgical samples.
The studied variables were obtained from the prospec-
tive electronic database Research Electronic Data Cap-
ture (REDCap) [12]. To ensure patient data privacy, all
information was anonymized, with restricted access
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to the research team, all of whom were physicians. The
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) recommendations [13] were
used for organizing and conducting this clinical protocol.

The study was approved by the Research Ethics Com-
mittee of our institution (number 294,198), which waived
the need for individual patient consent due to the retro-
spective nature of the study.

Patients who were indicated for LT or HR for the treat-
ment of hepatocellular carcinoma were included in the
study. Preoperative examination assessments and indica-
tions for HR were decided upon at a weekly multidisci-
plinary meeting. Data from patients indicated for LT were
sent to the State Collegiate Organ Committee Transplan-
tation Center for confirmation of the patient’s placement
on the waiting list. All patients listed for transplantation
were within the MBC. Alpha-fetoprotein (AFP) thresh-
old of 1000 ng/mL was included in the criteria for select-
ing patients for liver transplantation in Brazil in 2019.
However, as AFP was already recognized as a marker
of poor prognosis, only 10 patients in our study, who
were selected for transplantation, had AFP levels above
this value. Moreover, all of these cases occurred prior to
the institution of this new rule, as the last patient in our
sample included in the waiting list with AFP greater than
1000 ng/mL was registered in 2018.

Patients were divided into 3 groups: LT, patients who
underwent liver transplantation; HR, patients who
underwent hepatic resection; and WL, patients who
entered the liver transplantation waiting list but did not
undergo the procedure.

Patients with mixed tumors (hepatocholangiocar-
cinoma) or other histological types of hepatocellular
lesions other than HCC were excluded. Patients who
underwent a second HR due to HCC recurrence and
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patients with outpatient follow-up of less than 3 months,
considered lost to follow-up in this situation, were also
excluded.

During the study period, 203 patients underwent
HR, and 598 patients were listed for LT, for a total of
801 patients. However, 22 patients who underwent HR
were excluded: 13 due to histological identification of
hepatocholangiocarcinoma, 4 who underwent a second
hepatectomy due to HCC recurrence, 3 due to loss to fol-
low-up, and 2 due to a diagnosis of another histological
type other than HCC. Among patients who underwent
LT, 17 were excluded: 16 due to identification of hepato-
cholangiocarcinoma in the explant and 1 patient due to
the identification of only one regenerated nodule with
dysplasia without evidence of HCC. Eighteen patients
who had been listed were excluded because 8 underwent
transplantation in another state and 10 were lost to fol-
low-up (Fig. 1).

Ten patients had more than one outcome: 4 under-
went HR and subsequently rescue LT due to HCC recur-
rence, 3 underwent HR and were listed for LT but did not
undergo transplantation, 2 were listed twice and did not
undergo transplantation either time, and finally, 1 patient
who was listed, experienced tumor progression, and later
returned for downstaging LT.

For each included patient, the following characteris-
tics were studied: age, sex, body mass index (BMI), blood
type, etiology of chronic liver disease, radiological stag-
ing according to the Milan—Brazil criteria, liver disease
classification [14] according to the Model for End-Stage
Liver Disease (MELD) and Child-Turcotte-Pugh (Child),
bridging treatments, outcome date, and survival.

For patients who underwent HR and LT, the preop-
erative data assessed included the presence of ascites,
esophageal varices, and significant portal hypertension
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Fig. 1 Comparison of overall survival between patients listed for transplant and patients undergoing hepatic resection
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(presence of esophageal varices, ascites, a platelet count
less than 100,000/mm3 associated with splenomegaly,
or a hepatic venous pressure gradient greater than 10
mmHg [17]). The presence of bilobar nodules or other
neoplasms were also assessed. The nomenclature of the
surgical procedures followed Brisbane terminology [16].
Major hepatectomy was defined as the resection of three
or more liver segments.

Histological variables related to the tumor and whether
preoperative locoregional treatment was performed were
analyzed. Surgical data such as surgery time, ischemia
time, and the need for red blood cell transfusion were
collected. Preoperative AFP (ng/mL) and recurrence
were also recorded. Patient staging and the Milan/Brazil
criteria were evaluated preoperatively through abdomi-
nal and thoracic exams (CT and/or MRI). The surgical
specimen was assessed through histopathological evalua-
tion and termed the pathological Milan criterion.

For patients listed for LT, the data collected included
the following: exception points in the MELD and waiting
time, defined as the time from listing to transplantation
or removal from the list. Whether the patient had pre-
viously undergone HCC resection and required LT was
referred to as rescue transplantation. If the patient did
not undergo transplantation, the reason for noncomple-
tion was recorded. Among patients who underwent LT,
the following data regarding the donor were evaluated:
age, BMI, donor risk index (DRI) [15], and cold ischemia
time. Patients who required retransplantation owing to
clinical complications, early or late.

Overall survival (OS) analysis was performed via inten-
tion-to-treat analysis, thus considering all patients in the
sample, i.e., patients from the WL, LT, and HR groups.
The initial date was the time of listing or the time of
surgery for the HR group. Disease-free survival (DES)
analysis was performed for the treated patients (LT and

Table 1 Characteristics of the study participants

Characteristic  n=744 (%) Mean (SD) Median (min-max)
Age 59.0 (9.1) 60 (17-82)
Male Gender 548 (74.7)
BMI (kg/m?2) 263 (4.4) 25.8(15.6-43.6)
Etiology

HCV 454 (63.4)

HBV 67 (9.4)

Alcohol 156 (21.8)

Other 113(15.8)
MELD 134 (8.3) 10 (6-58)
MELD< 14 510(71.3)
MELD > 14 205 (28.7)
CHILD A 309 (59.5)
CHILD B 135 (26.0)
CHILD C 75(14.5)

SD: standard deviation; min: minimum value; max: maximum value; HCV:
hepatitis C virus; HBV: hepatitis B virus; alcohol: alcohol consumption
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HR groups). Prognostic factors for global survival and
disease-free survival (DFS) were analyzed among patients
undergoing treatment.

Statistical methodology

Qualitative variables are presented as absolute and rela-
tive frequencies (%). The mean, median, standard devia-
tion, minimum, and maximum values were calculated for
quantitative variables, and the values of the 25th and 75th
percentiles were also calculated. Associations between
qualitative variables were assessed via the Pearson chi-
square test or Fisher’s exact test. The normality of the
quantitative variables was tested via the Kolmogorov-
Smirnov test; hence, the Mann-Whitney test was used
to compare the distributions of the quantitative vari-
ables according to the treatment group. Overall sur-
vival and disease-free survival were calculated in days.
Kaplan-Meier curves were constructed for survival times
according to treatment type (transplantation or resec-
tion). Hazard ratio values and 95% confidence intervals
(95% CI) were calculated via Cox regression stratified by
treatment. In multiple analyses, variables that were sig-
nificant in univariate analysis were considered, as were
other adjustment variables or clinically relevant variables.
Models were constructed via the stepwise backward
method (from the full model to the model with signifi-
cant variables). The significance level adopted was 5%.
Analyses were performed via SPSS for Windows v.25 and
STATA/MP v.14 for Windows.

Results
A total of 744 patients with HCC were evaluated, 563
(75.6%) corresponding to patients enrolled on the wait-
ing list and 181 (24.4%) who underwent HR. Among
patients at the waiting list, 362 (48.6%) were subjected to
LT, whereas 201 (27%) remained at the WL, as they did
not undergo transplantation. The median follow-up time
for the entire sample was 4.02 years. Half of the partici-
pants were 60 years old or younger, and 74.7% were male.
Other clinical characteristics are presented in Table 1.
Patient stratification according to the type of treatment
performed revealed that those who underwent HR were
significantly older than patients in the LT group were
(median of 63 vs. 59 years, p<0.001). Nodule dimen-
sions were also greater in this group of patients (40 vs.
25 mm, p<0.001), as was the frequency of vascular inva-
sion (54.8% vs. 32.3%, p<0.001). In the HR group, 56.9%
of patients met the radiological Milan criteria. Patients
who underwent LT had significantly higher MELD scores
(median of 12 vs. 8, p<0.001, with 34% having MELD > 14
vs. 3.7%, p<0.001), as did more patients classified as
Child-Pugh B (36.3% vs. 3.7%, p<0.001) or C (20.8 vs.
0%, p<0.001). Surgical time (median of 420 vs. 300 min,
p<0.001), the need for red blood cell transfusion (mean



Pinheiro et al. BMC Surgery (2025) 25:166

of 2.2 vs. 0.5 units, p<0.001), and the postoperative hos-
pitalization period (median of 14 vs. 6 days, p<0.001)
were also significantly longer in the LT group than in the
HR group.

Stratification was performed according to the number
of nodules identified in the specimen: 152 (84%) patients
had one nodule in the HR group, and 146 (40.3%) had
one nodule in the TF group (p<0.001). Among patients
in the HR group with only one nodule, 91 (50%) patients
had tumors smaller than 5 cm, 41 (22.6%) patients had
tumors smaller than 3 c¢m, and 11 (6%) patients had
tumors smaller than 2 cm. Other characteristics are
shown in supplementary Table 1.

The median procedure time in hours was 7 h for LT
patients and 5 h for HR patients. With respect to patients
who entered the waiting list (LE and TF groups), we iden-
tified significantly more blood Rh type O patients in the
WL group (53.2% vs. 40.6%, p <0.001), as well as a longer
wait time on the list (median 329 vs. 254, p=0.047). The
median MELD score for patients removed from the list
or who underwent transplantation was 29.

Among the WL group patients, 97 (48.2%) were
removed from the list due to tumor progression beyond
Milan (drop out), which corresponds to 17.3% of all
listed patients (LE and LT groups). Another 83 (41.3%)
patients died while on the waiting list for LT. Fifteen
(7.5%) patients achieved complete control of HCC
through locoregional treatments and were removed
from the list. Finally, 6 (3%) patients refused to undergo
transplantation.

The majority of patients undergoing LT (81.5%) had
HCC within the Milan criteria at diagnosis, while the
remaining patients underwent downstaging to meet the
criteria at the time of transplantation. The median wait-
ing list time was 221.9 days. Thirty-five (9.7%) patients
required retransplantation. Seven patients underwent
rescue LT, 3 of whom underwent HR at another facility.
The median cold ischemia time was 6 h and 54 min.

Among patients who underwent HR, 90.1% had chronic
liver disease, and 95.4% achieved clear surgical margins.

Table 2 Analysis of overall and disease-free survival at 10 years

Page 5 of 13

Almost half of the patients were approached by laparot-
omy (49.7%), and the other half (50.3%) were approached
by some minimally invasive technique, of which 29.8%
underwent the exclusive laparoscopic technique. Ana-
tomical resection was performed in 61.3% of patients,
and 30.4% of the resections were major hepatectomies.

Analysis of survival

During the entire follow-up, 171 (85%) deaths occurred
in the WL group, 127 (35%) in the LT group, and 84
(46.4%) in the HR group. The overall survival rates at 1,
3, 5, and 10 years were 65.5%, 55.4%, 48.2%, and 39%,
respectively.

Table 2 presents the values of median overall survival
and disease-free survival times as well as actual sur-
vival at 1, 2, 3, 5, and 10 years according to the groups.
There were significant differences in the overall survival
curves according to the intention-to-treat (ITT) analysis
(p=0.019), as shown in Fig. 1A. In the analysis of over-
all survival (Fig. 1B) and disease-free survival (Fig. 2) for
patients undergoing intervention (TF and HR), statisti-
cally significant differences were also found (p=0.008
and <0.001, respectively).

The prognostic factors for overall survival in patients
in the TF group are presented in Supplementary Table 2.
The variables MELD (1.02; 95% CI: 1.00-1.04, p=0.036),
corrected MELD (1.06; 95% CI: 1.02-1.09, p=0.001), sur-
gery time (1.003; 95% CIL: 1.001-1.005, p =0.002), intra-
operative red blood cell concentrate transfusion (1.10;
95% CI: 1.04-1.15, p<0.001), ICU days (1.032; 95% CIL:
1.018-1.047, p<0.001), and waitlist time (1.001; 95% CI:
1.0004-1.001, p<0.001) were inversely proportional to
overall survival. MELD categorized as greater than or less
than 14 did not differ (1.02, 95% CI: 0.71-1.48, p=0.898).
Rescue transplantation (5.38; 95% CI. 1.70-17.00,
p=0.004) and retransplantation (2.11; 95% CI: 1.27-3.52,
p=0.004) resulted in lower overall survival. The down-
staging condition (0.32; 95% CI: 0.11-0.97, p=0.043)
and shorter cold ischemia time (0.74; 95% CI: 0.70-0.78,
p<0.001) were better prognostic factors.

Survival Probability of survival p
1-year 2-year 3-year 5-year 10-year

Overall intention-to-treat
Listed patients (WL+LT) 59.9% 55.3% 514% 47.3% 39.9% 0.019
Hepatic resection 82.8% 73.9% 67.5% 49.3% 33.4%

Overall intervention
Liver transplantation 77.4% 73.9% 71.0% 67.5% 56.8% 0.008
Hepatic resection 82.8% 73.9% 67.5% 49.3% 33.4%

Disease-free
Liver transplantation 97.9% 94.9% 93.6% 92.0% 90.9% <0.001
Hepatic resection 74.9% 56.7% 49.8% 40.0% 31.0%

' Log-rank test for comparing survival curves. LE, transplant waiting list; TF, liver transplant
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Fig. 2 Disease-free survival of patients undergoing surgical intervention: liver transplantation and hepatic resection

TF, liver transplant; HR, hepatic resection

For patients in the HR group, days in the hospital
(1.043; 95% CI: 1.024-1.063, p<0.001) and in the ICU
(1.170; 95% CI: 1.098-1.248, p<0.001), as well as preop-
erative INR values (8.71; 95% CI: 2.01-37.71, p=0.004),
were inversely proportional to overall survival. Two-stage
hepatectomy (10.75; 95% CI: 1.43-81.05, p=0.021), sig-
nificant portal hypertension (1.92; 95% CI: 1.20-3.06,
p=0.006), and esophageal varices (1.94; 95% CI: 1.08—
3.47, p=0.026) were associated with lower survival. Con-
versely, preoperative ALB values were directly related to
better overall survival (0.63; 95% CI: 0.43-0.94, p = 0.022).
Supplementary Table 3 illustrates all variables associ-
ated with overall survival in the HR group. Both a MELD
score greater than 14 (1.10; 95% CI: 0.35-3.50, p=0.872)
and Child B score (2.21; 95% CI: 0.89-5.48, p=0.088)
were not significant risk factors for lower overall survival.

The larger nodule was, the lower the overall survival
for patients in both groups (TF 1.012; 95% CI: 1.001-
1.022, p=0.025; Hazard ratio 1.007; 95% CI: 1.003-1.011,

p=0.002). Similarly, the presence of macrovascular inva-
sion negatively impacted overall survival (TF 2.16; 95%
CL 1.24-3.76, p=0.006; HR 4.51; 95% CI: 2.42-8.39,
p<0.001). Patients in the HR group were negatively
affected by microvascular invasion (2.09; 95% CI: 1.26—
3.47, p=0.004), which did not occur in the TF group
(1.16; 95% CI: 0.77-1.75, p=0.478). The higher the AFP
value was, the lower the overall survival of HR patients
(1.004; 95% CI: 1.003-1.006, p <0.001). HR patients who
were within the radiological (0.49; 95% CI: 0.32-0.76,
»=0.001) and pathological (0.39; 95% CI: 0.24-0.66,
p<0.001) Milan criteria had better overall survival. Other
tumor-related factors for patients in the HR and TF
groups are displayed in Table 3.

Table 4 shows the multiple variable analysis of patients
who underwent surgical treatment and the construction
of prognostic factor models for overall survival. For LT
patients, we identified an association between a shorter
cold ischemia time (0.74; 95% CI: 0.70-0.79, p<0.001)
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Table 3 Factors related to tumors associated with the overall survival of patients undergoing surgical treatment (liver transplantation

and hepatic resection)

Characteristic

Liver Transplant

Hepatic Resection

Hazard Ratio (1C95%) p Hazard Ratio (1C95%)
Alpha-Fetoprotein 1.001 (0.998-1.004) 0527 1.004 (1.003-1.006) <0.001
No. of Nodules 1.054 (0.996-1.116) 0.069 1.287 (1.061-1.561) 0011
Within Radiological MC 0.49 (0.32-0.76) 0.001
Within Pathological MC 0.78 (0.55-1.11) 0.169 0.39 (0.24-0.66) <0.001
Largest Nodule Size 1.012 (1.001-1.022) 0.025 1.007 (1.003-1.011) 0.002
Well Differentiated 0.92 (0.43-2.00) 0.841 0.70 (0.19-2.63) 0.602
Moderately Differentiated 0.87 (0.52-1.46) 0.601 0.95 (0.38-2.37) 0.907
Poorly Differentiated 1.06 (0.58-1.94) 0.862 1.10(0.41-2.98) 0.854
Microvascular Invasion 1.16 (0.77-1.75) 0478 2.09(1.26-3.47) 0.004
Macrovascular Invasion 2.16 (1.24-3.76) 0.006 451 (242-839) <0.001
Satellite Nodule 1.35(0.83-2.19) 0.233 2.16(1.34-3.47) 0.001
Inactive Tumor 0.90 (0.53-1.55) 0714 - -
Chronic Hepatopathy - 1.34 (0.59-3.08) 0488
Clear Margin - 0.49 (0.20-1.21) 0.122
Margin Distance - 1.002 (0.98-1.02) 0.85
Bilobar Nodules 1.93(0.78-4.78) 0.155

95% Cl: 95% confidence interval; MC: Milan criteria

Table 4 Prognostic factors according to multiple variable
analysis for overall survival of patients undergoing

transplantation

Characteristic Hazard Ratio p
(1C95%)

Liver Transplant

MELD< 14 1.03 (0.99-1.06) 0.140

Child B 0.68 (0.43-1.08) 0.099

Child C 0.55 (0.24-1.30) 0.176

Surgery time (minutes) 1.001 (0.999-1.003) 0.267

Alpha-fetoprotein 0.9999 0.642
(0.9997-1.0002)

Cold ischemia time (minutes) 0.74 (0.70-0.79) <0.001

Rescue transplant 0.80(0.22-2.82) 0.723

Donor age (years) 0.98 (0.96-0.99) 0.002

Donor risk index score 540 (2.56-11.42) <0.001

Time on the list until transplant (days) ~ 1.0003 0.160
(0.9999-1.0007)

Hepatic Resection

Child A

Child B 1.86 (0.71-4.89) 0.206

Intraoperative red blood cell 1.04 (0.92-1.19) 0.534

transfusion

Alpha-Fetoprotein 1.00005 <0.001
(1.00003-1.00007)

Within radiological MC 0.45 (0.27-0.75) 0.002

Preoperative portal hypertension 2.32(1.39-3.86) 0.001

95% Cl: 95% confidence interval; MC: Milan criteria

and younger donors (0.98; 95% CI: 0.96-0.99, p=0.002)
with lower mortality. The DRI (5.40; 95% CI: 2.56—11.42,
p<0.001) was negatively associated. For patients who
underwent HR, the AFP level (1.00005; 95% CI: 1.00003—
1.00007, p<0.001) and the presence of significant portal

hypertension (2.32; 95% CI: 1.39-3.86, p=0.001) were
factors associated with worse survival, whereas being
within the radiological MC (0.45; 95% CI: 0.27-0.75,
p=0.002) was a favorable prognostic factor.

Analysis of disease-free survival

Patients in the LT group had a disease-free survival (DES)
that was negatively affected when they underwent pre-
operative chemoembolization (2.98; 95% CIL: 1.16-7.70,
p=0.024) and rescue transplantation (21.27; 95% CI:
2.76-164.02, p=0.003). A lower DES was also associated
with a longer cold ischemia time (2.82; 95% CI: 2.01-
3.97, p<0.001) (Supplementary Table 4). Patients in this
group had lower DFS rates among those who stayed in
the ICU longer (1.13; 95% CI: 1.04-1.23, p=0.006) and
those who underwent two-stage hepatectomy (12.36;
95% CIL: 1.62-94.46, p=0.015). The INR (6.67; 95% CL:
1.46-30.49, p=0.014) and BMI (0.94; 95% CI: 0.90-0.99,
p=0.028) were inversely proportional to DFS (Supple-
mentary Table 5).

Variables associated with HCC were tested in both
groups as prognostic factors for DFS (Table 5). Patho-
logically, being within the Milan criteria was a better
predictor of DFS in both groups (LT: 0.32; 95% CI: 0.13—
0.80, p=0.015; Hazard ratio: 0.56; 95% CI: 0.35-0.88,
p=0.012). The number of nodules (LT: 1.12; 95% CI:
1.01-1.25, p=0.034; Hazard ratio: 1.33; 95% CIL: 1.10-
1.61, p=0.004) and the size of the largest nodule (LT:
1.03; 95% CIL: 1.01-1.05, p=0.016; Hazard ratio: 1.01;
95% CI: 1.001-1.01, p=0.027) were inversely related to
DFS. Both macrovascular (LT 5.65; 95% CI: 1.73-18.40,
p=0.004, Hazard ratio 3.93; 95% CI: 2.08-7.43, p<0.001)
and microvascular invasion (LT 2.69; 95% CI: 1.04-6.97,
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Table 5 Tumor-related factors associated with disease-free survival in patients undergoing surgical treatment (liver transplantation

and hepatic resection). Characteristics| transplantation| resection

Characteristics

Liver Trasnplantation

Hepatic Resection

Hazard Ratio (1C95%)

p Hazard Ratio (1C95%) p

Alpha-fetoprotein

Within radiological MC
Within pathological MC
Number of nodules
Largest nodule size
Moderately differentiated
Poorly differentiated
Microvascular invasion
Macrovascular invasion
Satellite nodules

Active tumor in the specimen

Chronic liver disease
Clear margin
Margin distance
Bilobar nodules

1.003 (0.999-1.001)

0.32(0.13-0.80
1.12(1.0
1.03(1.0
148 (0.34-6.52

1.92 (0.37-9.91
2.6 (104 6.97

5( -18.40)

2( )
2( 25)
3( 05)
8 ( )
)
9 )

5.6
(063 5.54)
242 (0.32-18.01)

0.274 1.005 (1.003-1.007) <0.001
0.69 (0.45-1.04) 0.077
0.015 0.56 (0.35-0.88) 0.012
0.034 3(1.10-1.61) 0.004
0.016 01(1.001-1.01) 0.027
0.604 1.58 (0.58-4. 35) 0.374
0435 1.60 (0.54-4.72) 0.398
0.042 1.76 (1.10-2.81) 0.018
0.004 3.93(2.08-7.43) <0.001
0.263 149 (0.91-2.45) 0.117
0.389 -
- 1.51 (0.66-347) 0.327
- 0.64 (0.24-1.76) 0.389
- 0.999 (0.978-1.019) 0.895
- 1.59 (0.58-4.34) 0.367

95% Cl: 95% confidence interval;

-:not applicable; MC: Milan criteria

Table 6 Prognostic factors according to multiple variable
analysis for disease-free survival of patients undergoing

transplantation

Characteristic

Liver transplantation

Preoperative alpha
fetoprotein

Downstaging

Cold ischemia (minutes)
Rescue transplantation
Time on liver transplant
list

Hepatic resection

Age (years)

BMI (kg/m2)
Intraoperative red blood
cell transfusion

Preoperative
chemoembolization
Pretreatment
alpha-fetoprotein

Within radiological Milan
criteria

Hazard Ratio (IC95%) p
1.002 (1.001-1.004) 0.006
2.51 (0.43-14.55) 0.304
41.20 (6.30-269.39) <0.001
1.01*10%°(2.98%10'%-3.41%10%) <0.001
1.01 (1.00-1.01) 0.007
0.99 (0.97-1.01) 0.206
0.945 (0.895-0.998) 0.044
1.02(0.88-1.18) 0.799
2.16 (0.85-5.43) 0.104
1.00005 (1.0003-1.00007) <0.001
0.93 (0.57-1.53) 0.78

95% Cl: 95% confidence interval; LT: liver transplant

p=0.042, Hazard ratio 1.76; 95% CI: 1.10-2.81, p=0.018)
were associated with a worse prognosis. Patients in the
HR group were negatively affected by higher AFP levels
(1.005; 95% CI: 1.003-1.007, p <0.001).

Prognostic models were created by evaluating multiple
variables related to DEFS in relation to the groups that
underwent surgical treatment (Table 6). Patients in the
LT group had a shorter DFS (1.002; 95% CI: 1.001-1.004,
p=0.006), longer cold ischemia time (41.202; 95% CI:
6.30-269.39, p<0.001), and longer waiting time on the

list (1.012; 95% CI: 1.00-1.01, p=0.007). Rescue trans-
plantation (1.01*1025; 95% CI: 2.982*1012 - 3.418*1037,
p<0.001) was also an independent risk factor for shorter
DES. Patients who underwent hepatic resection had bet-
ter DFS among those with lower BMIs (0.945; 95% CI:
0.895-0.998, p=0.044) and poorer performance among
those with elevated AFP levels (1,00005; 95% CI: 1,0003—
1,00007, p<0.001).

Discussion

This study reports the experience of a large center in the
surgical treatment of HCC over a long follow-up period,
demonstrating that HR and LT are complementary treat-
ment modalities, as they cater to patients with different
characteristics. The therapeutic modalities often address
patients with different oncological statuses and liver
functions, resulting in equally different outcomes.

LT is recognized by international consensus as the
best curative option for HCC and underlying cirrhosis
[18]. However, patient selection is a critical point since
it is a procedure linked to the limitation of donor avail-
ability, requiring rigorous evaluation regarding postop-
erative outcomes, the risk of patient loss at the WL, and
possible alternative treatments. On the other hand, HRs
usually follow more cautious Western consensuses [18]
than broader Eastern consensuses [17]. The final decision
for HR candidates is highly dependent on institutional
experience and the surgical team, primarily considering
patient performance, the number of tumor nodules, the
volume of residual liver, the assessment of residual liver
function, and the presence of significant portal hyper-
tension. These selection criteria can be observed in the
sample of this study; for example, patients who under-
went HR presented more advanced tumors. While all
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patients listed for transplantation were within the Milan
criteria, only 56.9% of patients who underwent HR met
this criterion. Furthermore, compared with patients who
underwent LT, those in the HR group had larger tumors,
a greater incidence of vascular invasion, and greater AFP
levels. Conversely, LT patients had more severe liver dys-
function, with more Child B and C patients and more
patients with MELD scores of 14 or higher.

Additionally, the disparity in HR versus LT patient
numbers is attributed to the distribution of care; less
complex HR cases are often managed at secondary
hospitals, while LT referrals are concentrated at ter-
tiary centers, including ours, which specializes in trans-
plantation, since not all tertiary centers performs LT in
Brazil, whereas HR is almost always available. The tim-
ing of HCC treatment is highly dependent on effective
screening protocols, as early-stage tumors have a greater
potential for undergoing HR. The scarcity of donors justi-
fies HR whenever feasible. Furthermore, in recent years,
there has been an expansion of HR indications relative
to liver transplantation, driven by the dissemination of
minimally invasive surgery and the demonstration of
satisfactory results even in patients with advanced onco-
logical status. It’s important to acknowledge that we are
a referral center within a well-functioning public health
program, which also presents limitations. These include
occasional delays in patient referrals, limitations in radio-
logical resources for screening, and a long waiting list for
transplantation.

Overall, the first treatment option for uninodular HCC
should always be HR; however, it is contraindicated in
most cases because of its strict selection. In our study, the
number of patients selected for transplantation (n=563)
exceeded the number of candidates for HR (7 =181). The
number of HCC nodules is a factor to be considered in
the decision of therapeutic modality, as recurrence after
HR of multinodular tumors tends to be high. A Chinese
study compared Child A patients within the Milan cri-
teria with more than one nodule and no previous treat-
ment who underwent HR (n=33) or LT with a living
donor (n=34) and who had significantly reduced 5-year
DFS (19.8% vs. 72%, p <0.001) [19]. In our case series, the
number of nodules was a criterion used in patient selec-
tion, with more patients with only one nodule in the HR
group (84% vs. 40.3%, p <0.001).

The 5-year survival of patients undergoing HR reported
in the literature can reach 70% in highly selected
patients [20]. However, large series present lower results
when patients with borderline liver function and more
advanced stages are included. A New Zealand study
evaluated 190 patients who underwent HR, with 21%
having significant portal hypertension, and the 5-year
survival rate was 54% [21]. The reported 5-year survival
in our study was 49%; however, 34% of our patients had
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significant portal hypertension. The New Zealand study
reported recurrence rates of 55% and 62% at 3 and 5
years, respectively [21]. Our patients had DFS rates of
49.8% and 40% in the same period, representing recur-
rence rates of 50.2% and 60%, respectively.

The survival of patients who undergo HR is nega-
tively affected in the short and medium term in patients
with significant portal hypertension [22]. Xia et al. [23]
reported the results of 224 patients with early-stage HCC
(BCLC A) who underwent HR and reported that sig-
nificant portal hypertension had a negative effect on the
median survival of patients (35 vs. 75 months, p<0.001).
This study, like others, concluded that patients with sig-
nificant portal hypertension have a significant risk of
postoperative liver dysfunction and a 5-year survival of
less than 50%, even among patients with normal preop-
erative liver function. Our univariate and multivariate
analyses also revealed that significant portal hyperten-
sion was a risk factor for lower survival among patients
who underwent HR (p=0.006 and 0.001, respectively).
On the other hand, more severe liver disease identified as
Child B and a MELD score greater than 14 were not iden-
tified as risk factors for survival in our study. Even in the
multivariate regression model, Child B classification was
not a significant risk factor, which is consistent with the
literature [24-26] and reinforces that these characteristics
are not contraindications for HR and can be safely per-
formed in (super)selected patients.

A multicenter European study evaluated over a thou-
sand patients with HCC and metabolic syndrome who
underwent HR and revealed a high risk of morbid-
ity (34.6%) and mortality (2.9%) in these patients [27].
This study identified obesity, diabetes mellitus, coro-
nary artery disease, significant portal hypertension,
major hepatectomy, and open access as risk factors for
increased morbidity. In our analysis, BMI did not impact
survival, but it was identified as an independent prognos-
tic factor for DFS, resulting in a better prognosis at lower
values.

LT is more comprehensive regarding patient liver func-
tion; however, it follows much stricter oncological criteria
and depends on the waiting time on the transplant list,
so many listed patients do not undergo the procedure.
For this reason, it is interesting to observe the results not
only of transplanted patients but also of patients who
were included in the transplant list and did not undergo
the procedure; the ITT analysis covers this need. A multi-
center European [28] study retrospectively evaluated 579
patients listed for LT due to HCC and revealed that after
a median wait of 7 months, tumor progression occurred
in 67 (11.5%) patients. However, tumor progression is not
the only risk for patients awaiting LT. Mehta et al. [29]
evaluated 2092 patients listed for LT due to HCC in the
US in an area with a long WL; after a median wait of 7
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months, 25% of patients did not undergo transplantation
due to tumor progression, critical clinical worsening, or
death on the list. In our series, of the 563 listed patients,
32% did not undergo LT due to death (14.7%) or tumor
progression on the list (17.3%), after a median wait time
of 329 days (10.9 months). Patients who underwent LT
had a median wait time of 254 days (8.5 months), and this
difference in waiting time between WL patients and LT
patients was significant. A possible explanation for the
longer wait time could be the greater number of blood
type O patients among WL patients than among LT
patients, as this blood type presents a much higher recip-
ient/donor ratio in our setting [11].

A meta-analysis comparing HR and LT for patients
within the Milan criteria yielded 9 publications totaling
570 patients who underwent HR and 861 who under-
went LT, identifying similar 1-year survival rates of 84.5%
and 84.4% (p =0.8) and 5-year survival rates of 47.9% and
59.3%, respectively (p=0.06) [30]. Compared with the
results obtained in our study, the 1-year survival rates
in the HR and LT groups were 82.8% and 77.4%, and
the 5-year survival rates were 49.3% and 67.5%, respec-
tively. The log-rank test revealed significant differences
between the two curves, probably due to long-term anal-
ysis, where LT offered a clear advantage over HR, as the
10-year survival rates were 56.8% and 33.4%, respectively.
However, there is a clear crossover at 2 years when both
have survival rates of 73.9%, and at 3 years, the curves
are still quite close (LT 71% vs. HR 67.5%). This allows
us to observe that the results were similar for approxi-
mately this period, highlighting the importance of both
therapeutic options for HCC treatment. It is important
to acknowledge that our analysis did not stratify patients
based on the Milan versus Milan-Brazil criteria. Since
the MBC represent an expanded selection protocol, it is
conceivable that the inclusion of patients meeting these
less stringent criteria could have influenced the overall
study outcomes. Indeed, a large Brazilian database anal-
ysis demonstrated a significantly reduced 5-year DFS in
patients exceeding the Milan criteria but fulfilling the
Milan-Brazil criteria (94% vs. 72%, p <0.001) [10]. Future
research should consider a stratified analysis to fully elu-
cidate the impact of these criteria on treatment efficacy.

Patients undergoing LT are directly impacted by fac-
tors exclusive to this modality, such as organ ischemia
and donor-related variables. Grat et al. [31] stratified
1402 liver recipients according to the MELD score and
reported that in patients with MELD scores greater than
10, cold ischemia time was an independent risk fac-
tor for worse 5-year survival. Additionally, donor age is
the main donor-related risk factor for graft function and
recipient mortality [15, 32]. Patients who underwent LT
in the present study received organs from donors with a
median age of 43 years (ranging from 5 to 81 years) and
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a median cold ischemia time of 6 h and 54 min; these
two variables were identified in the multivariate regres-
sion model as inversely related factors to survival. These
variables are important for calculating the donor risk
index (DRI), which is a score created through the analy-
sis of over 20,000 livers harvested in the US. It is capable
of predicting the risk of the liver being discarded, the
risk of graft loss, and recipient mortality, employing dif-
ferent weighted variables. According to this study, each
hour of cold ischemia increases the risk of graft loss by
1%. Furthermore, donors over 40 years old have an addi-
tional risk of graft nonfunction for each additional year,
with donors aged 60 years or older being the main risk
factor identified in the entire study (relative risk of 1.53
for donors aged 61-70 years and 1.65 for those aged over
70 years, both with p <0.0001) [15]. The lower the DRI is,
the greater the chance of organ utilization and graft sur-
vival; donors with DRIs greater than 1.5 have more than
double the chance of the liver being discarded compared
to a donor with a DRI less than 1.1. According to graft
survival analyses, a donor with a DRI less than or equal
to 1 had a 3-year graft survival of 81.2%, whereas donors
with a DRI between 1.5 and 1.6 had a DRI of 70.6%, and
those with a DRI greater than 2 had a DRI of 60% [15].
In our sample, the DRIs had a mean and median of 1.5,
and the mean 3-year survival rate after transplantation
was 71%, indicating good correlation with the proposed
score. Furthermore, it was identified as an independent
factor for overall survival. The use of DRIs in Brazil is
subject to pertinent criticisms, especially regarding the
inclusion in this score of the donor’s ethnic origin, since
for a mixed population such as ours, this factor should be
irrelevant. However, these similar results are likely due to
the strong correlation of age and cold ischemia time with
the survival of our patients.

Regardless of the type of treatment, HCC is a neoplasm
with a considerable risk of recurrence. In addition to the
previously mentioned factors, the pretreatment serum
level of AFP is an important prognostic factor. An Asian
study involving 568 HCC patients identified AFP as an
independent prognostic factor for OS, with 5-year OS
rates of 75% and 46% (p<0.001) when patients with low
and high AFP levels, respectively, were compared. AFP
also had a significant effect on DFS, with 5-year DES rates
of 42% vs. 21% (p<0.001), respectively. Interestingly, the
threshold value for determining whether AFP is high or
low was 10 ng/mL [33]. Similarly, our data corroborate
these findings, as AFP significantly impacted OS and
DEFS according to the multivariable assessment model of
patients undergoing HR. Patients who underwent LT had
a lower DFS associated with higher AFP values, but this
difference was not significant for the multivariable analy-
sis of OS. This finding is similar to those of other studies
of patients who underwent LT for HCC [34].
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Another significant factor for lower DES in our study
was cold ischemia time. This variable has been identi-
fied as a risk factor for recurrence when the duration is
greater than 10 h; although this fact has not been fully
elucidated, it is attributed to the mechanisms of injury
and sinusoidal repair caused by ischemia/reperfusion
[35]. This finding is interesting because, in the context of
LT, many variables cannot be controlled, such as waiting
time on the list and donor availability, unlike cold isch-
emia time, which can and should be systematically con-
trolled with the aim of reducing it, as it is directly related
to the allocation process, surgical tactics employed,
and interaction between the recipient’s team and organ
extraction.

The main limitations of this study are the observa-
tional and retrospective design, so we chose a strat-
egy to minimize possible biases through data collection
from a prospective database, as well as statistical analy-
sis of different groups of patients with multiple variables.
Another limitation is the heterogeneity of tumor staging
and degree of hepatic dysfunction among patients under-
going HR and LT; however, the aim of this study was
to evaluate the most frequent outcomes of candidates
for these treatments in reality. Other point of attention
is the retrospective collection of a single AFP level per
patient. This precluded the analysis of AFP slope, which
is a recognized prognostic factor in HCC. However, when
sequential AFP measurements are unavailable to assess
the prognostic value of AFP dynamics, the AFP level
closest to the time of transplantation provides the most
relevant prognostic information, and this is the AFP level
that was collected in our study. Additionally, we did not
compare HCC-related characteristics between WL and
LT patients; however, the inclusion of patients on the list
aimed to identify the proportion of patients who under-
went LT after being included in the waiting list with a
diagnosis of HCC. Similarly, we analyzed the outcomes
of patients undergoing each type of treatment to identify
specific prognostic factors for these different populations
rather than comparing the results of each type of treat-
ment. It is noteworthy that the study presents inherent
limitations due to its long-term scope. These include
advancements in imaging modalities leading to improved
diagnostic accuracy. Importantly, there were no signifi-
cant changes in HCC management. These factors, while
potentially confounding, are limitations inherent to any
study spanning an extended period. Finally, it could be
questioned whether some patients indicated for HR did
not undergo the procedure or were not referred for LT
during the study period. It was not possible to collect
these data reliably, but on the basis of the service’s experi-
ence, this situation must have occurred in a small propor-
tion of patients. Furthermore, similar studies published in
international journals do not address this outcome. Thus,
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this study represents the largest series in the national
literature of patients with HCC indicated for surgical
treatment; few studies include patients who entered the
transplant list but did not undergo it. Another highlight
of our study is the long follow-up time for patients, with a
median of over 4 years.

In conclusion, HR and LT are complementary (and syn-
ergic) therapeutic options. Moreover, the overall survival
of patients listed for transplantation is higher in the early
years, but long-term outcomes are better. Disease-free
survival was better among patients who underwent LT;
however, a significant proportion of the listed patients
did not undergo LT because of death or tumor progres-
sion after WL. For patients with HR, independent fac-
tors for better overall and disease-free survival are being
within the Milan criteria and presenting lower levels of
alpha-fetoprotein. Among patients who underwent LT,
a shorter cold ischemia time was associated with better
overall and disease-free survival as an independent factor.
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