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Hepatocellular carcinoma (HCC), the sixth most common cancer globally, is associated with high mor-
tality rates and more than 830,000 annual deaths. Despite advances in the available management options
including surgical resection and local ablative therapies, recurrence rates after the initial treatment
exceed 50%, even among patients who have undergone curative-intent therapy. Moreover, postsurgical
HCC recurrence occurs in about 70% of cases five years postoperatively. The management of recurrent
HCC remains undefined. This review discusses different predictors for HCC recurrence after each treat-
ment modality and different approaches available to stratify these patients. More specific guidelines for
managing HCC recurrence and strict surveillance protocols for such recurrence after initial HCC man-
agement are needed.
© 2023 The Third Affiliated Hospital of Sun Yat-sen University. Publishing services by Elsevier B. V. on
behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hepatocellular carcinoma (HCC), the most prevalent malignant
hepatic tumor, is one of the leading causes of cancer-related mor-
tality worldwide.1 Moreover, HCC is ranked as the sixth most
commonly encountered cancer (906,000 new cases) and the third-
leading cause of cancer-related death globally (830,000 deaths) in
2020.2 HCC alone represents about 90% of all primary hepatic
malignancies and nearly 9% of all newly reported ones.3 The
background of liver cirrhosis is the most crucial risk factor for HCC,
given that it is a chronic premalignant condition.4 HCC occurs in
80%e90% of patients with underlying cirrhosis.5 Among patients
with cirrhosis who had hepatitis B virus (HBV) or hepatitis C virus
(HCV) infection, the incidence of HCCwas 88% or 93%, respectively.6

The yearly and five-year cumulative incidence is 1%e4% and 5%e
30%, respectively.6 This variation could be explained by many fac-
tors such as the underlying etiology of sex, liver disease, associated
comorbidities, and the tumor’s location.7 HBV infection is the most
important risk factor for HCC, accounting for almost 50% of re-
ported cases.8 Furthermore, the risk of HCC associated with HCV
infection has decreased as patients achieve sustained virological
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response while taking antiviral drugs.9 Metabolic dysfunction-
associated steatohepatitis is the fastest-growing HCC etiology,
especially in theWest.10 Many current clinical staging systems, such
as the Barcelona Clinic Liver Cancer (BCLC) staging system, are
available for the stratification of HCC management according to
tumor stages and the expected outcomes of various in-
terventions.11,12 Potentially curative interventions such as resection,
local ablation, and liver transplantation (LT), are usually proposed
to patients with early-stage HCC.12 Microwave ablation (MWA), has
emerged among other thermal ablative techniques that are
currently in use, destroying tumors by direct hyperthermia injury
similar to radiofrequency ablation (RFA).13 Patients with interme-
diate stages of the disease are the primary candidates for trans-
arterial chemoembolization (TACE), while those with advanced
disease may benefit from various available systemic therapies.12

Unfortunately, even after curative treatment, patients continue to
experience recurrence; additionally, repeated hepatectomy, RFA,
and TACE treatments impair liver function in many patients, lead-
ing to death from liver failure or tumors that are refractory to
systemic therapy.14 HCC is generally an aggressive disease, with a
five-year survival rate of less than 20% and a recurrence rate of up to
88%.15,16 The high recurrence rates after curative HCC treatment
constitute the main reason for the poor prognosis.17 Thus, the
prevention of HCC recurrence following curative treatment could
significantly improve the prognosis of the condition; however,
research on recurrence prevention has been ineffective so far.18,19

This review discusses HCC recurrence in different situations, the
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patient and tumor related factors predicting it, survival in those
patients, and how to fill the gaps.

2. Predictors of HCC recurrence

Irrespective of its etiology and the treatment strategy employed,
HCC can often recur.16 Many patients will develop a second recur-
rence with a reported incidence of 50%e70%, even after managing
their first relapse.20,21 Moreover, some patients may experience a
third or fourth relapse after prior curative-intent treatment. How-
ever, this is uncommon, as available data suggest that each suc-
cessive curative-intent procedure predisposes patients to
diminished long-term survival.22 HCC recurrence could be associ-
ated with some HCC tumor-related risk factors, including tumor
aggressiveness, multinodularity, large size (�5 cm), macroscopic
vascular or microscopic lymphovascular invasion, high preopera-
tive alpha-fetoprotein (AFP) levels, as well as the patient-related
risk factors such as the presence of cirrhosis in addition to
advanced initial BCLC stages.16,23,24 Recurrence has primarily been
investigated postresection and LT.25e28 Researchers have sought to
develop a composite scoring tool to assess recurrence risk after
ablation, and some investigators employ artificial intelligence.29,30

Other factors, such as the time to recurrence, extrahepatic spread,
size, and the number of recurrent nodules, are likely to be more
beneficial in estimating the postrecurrence overall survival (OS)
and disease-free survival.31,32 Furthermore, intrahepatic metastasis
poses a serious issue for tumors larger than 2 cm, as the tumor size
is directly proportional to the risk of both microvascular invasion
and intrahepatic metastases.14 Table 1 summarizes the risk factors/
predictors of HCC recurrence.

3. Early detection of HCC recurrence is a necessity

Close surveillance is mandatory since many patients develop
HCC recurrence early following treatment.15 Generally, it is advis-
able to do follow-up patients subsequent to HCC intervention at
intervals of 3e4 months during the initial 1e3 years, every 6
months during years 3e5, and subsequently on a yearly basis for a
minimum of 10 years.16 Both primary tumor characteristics (i.e. risk
Table 1
Risk factors/predictors for HCC recurrence.

Risk factors/predictors References

HCC tumor-related
Tumor aggressiveness 16,78
Multinodular masses
Large size tumor (�5 cm)
Microvascular invasion
Elevated a-fetoprotein
Patient-related
Existence of liver cirrhosis 24
Advanced BCLC stages
Post resection
Multiple lesions 49e51
Presence of satellites
Excess intraoperative blood transfusion
Male gender
Post liver transplantation
Microvascular invasion 78
Obesity 85
Extrahepatic dissemination and persistent liver damage 86
Elevated a-fetoprotein 95
Elevated C-reactive protein 103
High platelet-to-lymphocyte ratio 105
Elevated des-carboxy prothrombin 98
Out Milan criteria 82
Old age 106
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of recurrence) and the underlying liver quality (i.e. risk of de novo
disease) determine the timing of surveillance.16 Surveillance in-
cludes the utilization of contrast-enhanced multidetector
computed tomography (MDCT) or magnetic resonance imaging
(MRI) scanning in conjunction with AFP-level assessment.33 The
utilization of gadoxetic-enhancedMRI has been observed to exhibit
greater sensitivity in detecting HCC recurrences measuring less
than 2 cm, as well as demonstrating a higher level of accuracy when
compared to both MDCT and conventional MRI.34 Although AFP has
a very low sensitivity, it is widely utilized as the primary serological
marker for the detection of HCC recurrence.35 However, des-
gamma-carboxy-prothrombin (DCP) has been reported to be su-
perior to AFP in the detection of HCC recurrence and has yet to be
incorporated into routine surveillance for HCC recurrence.35e37

These inflammatory and angiogenic markers have also been eval-
uated among transplanted patients.38 Moreover, the utilization of
liquid biopsy, with the detection of circulating tumor DNA, can
enhance the predictive performance of AFP.39 Currently, there is no
ideal dependable biomarker combination for the detection of early
HCC recurrence with high accuracy.40

4. Staging of recurrent HCC

After diagnosis of HCC recurrence, staging should beginwith the
search for evidence of extrahepatic disease, which is present in
12%e27% of patients.16,41,42 Since this is primarily considered a
contraindication to surgical treatment, some researchers have
suggested that even patients with isolated extrahepatic recurrence
may still benefit from resection.43 Still, no staging system is
established for recurrent HCC; however, primary HCC staging al-
gorithms, such as the BCLC classification, are often extrapolated and
used to predict outcomes and guide decision-making.44 Yao et al.44

recently used BCLC staging for recurrent HCC and demonstrated a
different prognosis in terms of OS among individuals with variable
recurrent HCC, validating the prognostic ability of BCLC staging.
However, most patients who experienced recurrence received
treatment different from the BCLC algorithm suggested in the pri-
mary HCC setting.44 Existing staging systems, such as the BCLC and
the Hong Kong Liver Cancer classifications, were not developed to
assess the prognosis or make decisions in recurrent HCC.45 Thus,
these staging systems and treatment strategy algorithms should
not be applied indiscriminately to patients with recurrence.45

5. Management of different scenarios of HCC recurrence

Herein, this review highlights the different patterns and sce-
narios of HCC recurrence after initial curative treatment strategies,
risk factors, and management obstacles.

5.1. HCC recurrence after liver resection

Liver resection is currently one of the main radical interventions
among HCC curative treatments. However, its recurrence rates are
as high as 60% in the first five years following surgery, even in early
smaller lesions.46 The path of recurrence is still up for dispute.46 A
multicenter retrospective study reported a recurrence rate of 45.5%
among 756 patients who underwent curative-intent hepatec-
tomy.16 In most cases, recurrence has been described to be intra-
hepatic, arising in the liver remnant rather than close to the
resection margin; besides, it mostly occurred within the first two
postoperative years.16 In another study conducted by Xu et al.,23 late
recurrence (>2 years after the procedure) was also found to be
predominantly intrahepatic (90.1%). Kim et al.47 estimated that HCC
recurrence peaked within the first year following hepatectomy and
then gradually decreased until the fifth postoperative year,
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followed by stabilization of the recurrence risk until year 10. HCC
relapse may be triggered by the precancerous background of the
residual diseased liver. Since this is a “multicentric de-novo occur-
rence”, these tumors are always primitive.48 According to the
literature, AFP levels of more than 400 mg/L, lesion sizes above
5 cm, multiple lesions, the presence of satellites, microvascular
invasion, and the need for intraoperative blood transfusion are
pretreatment variables associated with the HCC recurrence
risk.49e51 Numerous oncological characteristics, including the tu-
mor size, number of tumors, and microvascular invasion, have been
associated with a higher risk of postoperative HCC recurrence.46,52

Some scores, such as the albumin-bilirubin (ALBI) score, were
strongly associated with recurrence after surgical resection.53

Regarding the sex differences associated with HCC recurrence risk
and mortality following curative resection, a retrospective Chinese
study including 1435 HCC patients who underwent curative sur-
gical resection (1228 males and 207 females) did not find any dif-
ferences in the early recurrence rate (�2 years following resection)
between males and females. However, males had significantly
higher rates of late recurrence (>2 years) and postoperative mor-
tality than females.51

A better prognosis for HCC patients has been made possible by
surgical techniques and surveillance improvements, however, the
recurrence rates are as high as 60% in the first five years following
surgery.46,54 Laparoscopic surgery has been demonstrated to have
better long-term outcomes than open surgery in Meta-analyses
and substantial propensity score-matched trials.55,56 Laparoscopic
liver resection for HCC is always associated with fewer post-
operative and oncological complications such as bleeding and liver
decompensation.57,58 Previous studies have demonstrated that the
resection technique has no bearing on the likelihood of HCC
recurrence or survival, whereas tumor features and biological
behavior may be more important features.59e61 A larger surgical
margin may prevent early recurrence in patients with HCC; how-
ever, extremely wide resection margins may leave insufficient liver
parenchyma and cause postresection liver failure.62,63 The optimal
resection margin for HCC is currently arbitrary and controver-
sial.64,65 Anatomical resection, first described by Makuuchi et al.66

in 1985, is defined as the tumor resection together with the
Fig. 1. Milan criteria for liver transplanta
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hepatic segment or subsegment, which includes tumor-bearing
portal tributaries as well as a major branch of the portal vein and
hepatic artery. Nonanatomic resection, which is a less extensive
liver resection than anatomic resection, is best defined as the
resection of a lesion regardless of the anatomical segment or sec-
tion of the lobar anatomy.66,67 Still, the benefit in terms of OS and
locoregional rates of recurrence by anatomical resection for HCC
remains unclear and requires more clinical trials to be ascer-
tained.68 After curative liver resection, no specific adjuvant therapy
is currently recommended by clinical guidelines to prevent recur-
rence; however, a few studies have suggested prophylactic trans-
arterial chemoembolization (TACE) and sorafenib.69e71 Besides,
adjuvant systemic chemotherapy significantly decreases HCC
recurrence following curative hepatic resection.72

5.2. HCC recurrence post-LT

5.2.1. Criteria for transplanting HCC patients
In 1963, LT was initially introduced in clinical practice to treat

unresectable liver lesions. The Milan criteria allow transplantation
in HCC settings in the presence of one lesion measuring less than
5 cm or up to three lesions that each measure less than 3 cm in
diameter, with no evidence of vascular invasion and extrahepatic
metastasis.73 The Milan criteria established the patient’s selection
of LT (Fig. 1).73 LT offers patients a 75% four-year survival rate
without extrahepatic spread and macrovascular invasion (MVI).73

The early results of LT were unsatisfactory because of the poor
survival of transplanted patients owing to the high primary tumor
recurrence rates.74 Approximately 8% of patients experienced HCC
recurrence, making it the leading cause of mortality.73 Subsequent
studies revealed that 10%e16% of patients experienced post-LT HCC
recurrence.75,76 These findings demonstrated that HCC recurrence
occurs even when the selection criteria for LT are employed, and it
is probably caused by the spread of HCC frommicrometastases and
circulating cancer cells before or during the condition.76 The Milan
criteria for LT are associated with the sizes and numbers of HCC
nodules, which are viewed as surrogate markers for MVI and/or
poor tumor differentiation.77 MVI and/or poor HCC differentiation
are independent indicators of HCC recurrence.78 Besides, patients
tion as a treatment option for HCC.
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with HCC benefit from LT by expanding the Milan criteria.79 Some
researchers have explored broadening the Milan criteria by
considering the tumor(s)’morphologic characteristics, which were
evaluated using radiologic techniques during the pre-LT period.80

One of these studies demonstrated that extending the Milan
criteria for LT to patients with solitary HCC lesions measuring
<9 cm in diameter or those with at most three lesions (with the
largest of themmeasuring 5 cm) and a total tumor size of <9 cm did
not significantly affect the one-year and three-year OS or
recurrence-free survival compared to the Milan criteria.81 Another
set of criteria “The University of California San Francisco criteria
(UCSF)”, were developed based on a cohort study conducted in the
United States (U.S.).82 Per these criteria, 80.7% of patients would
experience a comparable five-year recurrence-free survival after LT,
to what was seen when using the Milan criteria.82 UCSF criteria
allowed transplanting patients with a single lesion measuring less
than 6.5 cm or two lesions measuring less than 4.5 cm each. There
has been considerable discussion about the link between expand-
ing the Milan criteria for LT and increased HCC recurrence.83 Shah
et al.84 analyzed 155 patients who had confirmed post-LT HCC and
met the Milan criteria, and they used pathological investigation to
determine whether MVI was present. Of these patients with MVI,
68% experienced HCC recurrence. Routine lesion biopsy is
frequently not applied because of the tumor multinodularity or the
possibility of cancer cell dissemination, despite the unquestionable
diagnostic usefulness of pre-LT pathological assessments of tumor
grading and MVI.

5.2.2. Predictors of HCC recurrence post-transplantation
Some comorbidities also influence the risk of recurrence in HCC

patients undergoing LT, as the obese patients show a significantly
higher frequency of microvascular invasion, higher recurrence
rates, and lower recurrence-free survival (RFS) than the normal-
weight patients.85 The presence of occult extrahepatic dissemina-
tion and the persistence of the etiology of liver damage (e.g., HBV
infection or HBV/hepatitis D virus (HDV) coinfection) account for
the residual risk of early and late HCC recurrence, respectively.86

Effective and sustained tumor downstaging with locoregional,
surgical, or systemic therapies from beyond to within the Milan
criteria favorably impacts the overall and tumor-free survival in
transplanted patients.87 Also, pretransplant cytokine profiles (such
as those of B-lymphocyte chemoattractant and interleukin (IL)-
12p40) and the maximum tumor diameter can provide robust
prognostic information in the setting of LT for HCC with excellent
efficiency in recurrence prediction for HCC patients, and also
stratify the prognosis beyond the Milan criteria or the AFP model.88

Combining positron emission tomography/computed tomogra-
phy (CT) imaging with MRI predicted MVI with 78.6% sensitivity
and 80.0% specificity.89 The assessment of AFP serum levels before
LT has been suggested to identify patients at high risk of HCC
recurrence since the former is a good marker of tumor differenti-
ation and vascular involvement.90 Strong predictors of HCC recur-
rence have been proposed to include increasing AFP levels to
>15 ng/mL, >50 ng/mL/month, or 0.1 ng/mL/day during the LT
waiting period.91e93 A multivariate analysis revealed that an AFP
value at transplant of >25.5 ng/mL was strongly predictive of post-
LT HCC recurrence.94 However, there is no consensus on the
applicable cut-off value for AFP to improve patient selection and
the planning of proper HCC recurrence surveillance after LT.94 AFP
values between 16 ng/mL and 320 ng/mL seem to be associated
with poor post-LT outcomes.95 In a recent retrospective study of
3819 patients who underwent LT in downstaging groups, AFP
<100 ng/mL was the only independent predictor of HCC recur-
rence.96 Moreover, it has been demonstrated that extremely
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elevated pre-LT AFP levels (>1000 ng/mL) are associated with the
worst post-LT survival rates, regardless of the tumor burden.97 HCC
severity, as evidenced by the presence of intrahepatic metastases,
capsule infiltration, and portal vein invasion, is correlated with
elevated blood DCP levels.98 Lower-grade differentiation and more
frequentMVIwere observed in HCC, which expressed normal levels
of AFP and elevated levels of DCP.99 These factors have suggested
that DCP better predicts post-LT HCC recurrence than AFP.100 In the
U.S., a retrospective study in which AFP and DCP were combined to
predict HCC recurrence found that serum levels of AFP (250 ng/mL)
and DCP (7.5 ng/mL) were associated with a higher risk of recur-
rence.101 C-reactive protein (CRP), another systemic inflammatory
biomarker produced by hepatocytes, has been associated with
HCC.102 High serum CRP levels are strongly associated with a
greater risk of HCC recurrence in patients outside the Milan criteria
in a few Asian studies.103 The neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) are two inflammatory
markers involved in the determination of HCC prognosis in recent
reports.104 A considerable rise in the rate of post-LT HCC recurrence
has been linked to high PLR.105

Regarding recipient age, studies have reported that elderly pa-
tients who underwent LT experienced lower survival rates and
higher rates of HCC recurrence.106 In general, HCC patients aged
>65e70 years are not considered eligible for LT.107 LT patients aged
>70 years had worse survival rates and greater rates of HCC
recurrence.85 The most probable hypothesis is that advanced age is
associated with immunosuppression, which hinders the develop-
ment of neoplastic cell clones and would be more evident during
prolonged immunosuppressive therapy.108 Calcineurin inhibitor
(CNI) therapy is associated with a higher tumor recurrence risk,
specifically if there are high serum concentrations of these medi-
cations in the first fewmonths following transplantation, according
to other retrospective investigations.109 Research has also shown a
direct link between CNI direct dosages and a higher risk of post-
transplant HCC recurrence.110 Immunosuppressive regimens based
on the mechanistic target of rapamycin (mTOR) inhibitors, siroli-
mus and everolimus, have been created to circumvent this
obstacle.111 The growth of human malignancies, including HCC, has
been associated with mTOR dysregulation, which plays a critical
role in the regulation of numerous fundamental cell
functions.111e113 The expression of mTOR is abnormally upregulated
in a considerable portion of HCC mutations, and tumors with
enhanced mTOR signaling have recently been identified as a subset
of aggressive malignancies.4,114,115 In vitro and animal models have
demonstrated that mTOR inhibitors, unlike CNIs, suppress the
growth of HCC.116 The combination of sorafenib and anti-mTOR can
manage post-LT HCC recurrence with the probability of severe
adverse events.116 Although this time frame varies, several studies
have found that HCC recurrence peaks between two-year and
three-year following LT, and after five-year, recurrence becomes
extremely rare.117 The time to recurrence is a significant prognostic
factor since post-LT HCC recurrence has a detrimental effect on
OS.117 Aworse prognosis is associated with early (within 12 months
after LT) HCC recurrence.117 Recurrence that occurs a year of LT is
associated with a better prognosis and a five-year survival rate of
about 50%.118 These studies strongly recommend keeping stringent
HCC recurrence surveillance systems for the first three years
following LT, extending up to the fifth year.119 In addition to AFP
serum tests, most LT centers recommend performing total body
contrast CT or MRI scans every six months for at least three years,
extending to five years after LT.117 The adverse effects of sorafenib
may limit its use after LT, and its safety is a concern.120 Figure 2
summarizes patterns and treatment options for post-LT HCC
recurrence.



Fig. 2. Patterns and treatment options for post-LT HCC recurrence.
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5.3. HCC recurrence after ablation therapies

5.3.1. RFA
Over the past ten years, RFA has been routinely used to treat

HCC.121 It provides a minimally invasive and potentially curative
option for early HCC when resection is not feasible.121,122 RFA is
preferable to surgical resection in that it preserves more of the
nearby hepatic tissues, requires fewer days of hospitalization, re-
sults in lower morbidity rates, and can be used on inoperable pa-
tients with liver cirrhosis.123,124 However, early or late
complications associated with mechanical or thermal injury during
RFA have been documented during follow-up.125 Aggressive tumor
recurrence after RFA has recently attracted attention since it can
decrease patients’ OS rates.126 After ablation, frequent local tumor
progression (LTP) is closely associated with tumor recurrence.127

The previously reported five-year LTP rates vary from 3.2% to
27.0%, and following a mean follow-up period of 38 months, the
incidence of HCC recurrence reached 63.3%.127,128

Per the findings of other studies, the rate of aggressive tumor
recurrence following RFA for HCC is extremely low, falling between
0.8% and 10.0% and going as high as 15.0% in patients with peri-
portal HCC locations.126,129 There are currently some risk factors for
aggressive HCC recurrence after RFA, which include larger tumor
sizes, poorly defined tumor margins, elevated serum DCP levels,
fast incremental upsurges in RF electrical power, periportal locali-
zations of the lesions, the youthfulness of patients and increased
expression levels of hypoxia-inducible factor-1 and epithelial cell
adhesion molecule in HCC residue after unsuccessful RFA.126,129e133

Insufficient ablative margins, hypervascular HCC, and an unfavor-
able site of HCC are additional factors. According to some previous
reports, periportal placementmay be a significant risk factor for LTP
following RFA.134,135 Rapid intrahepatic dissemination, aggressive
recurrence, scattered and rapid intrahepatic recurrence, early
diffuse recurrence, diffuse intrahepatic recurrence, rapid and
aggressive tumor progression, and aggressive intersegmental
recurrence (AIR) are a few terms used to describe aggressive tumor
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recurrence after RFA.126,129,130,132,136e138 To prevent post-RFA
aggressive tumor recurrence, especially in patients with peri-
portal tumors, some modified ablation approaches such as the use
of sinusoids, the no-touch multipolar ablation technique, more
extended ablation times at lower power, and combined TACE/cry-
oablation with RFA were investigated.131,139e141 However, as adju-
vant therapy after ablation, sorafenib did not improve RFS.142

5.3.2. MWA
MWA is another modality of thermal local ablation for HCC,

which depends on the creation of electromagnetic waves that cause
dipole water molecules to continually move at a rate of billions of
times per second with an oscillating electric field that produces
heat.11 Theoretically, MWA outperforms RFA in several ways,
including a reduction in the “heat sink” phenomenon, reduced
tissue charring during ablation, amore extensive ablation zone, and
more profound, faster penetrationwith a brief ablation time.143e145

Additionally, the updatedMWAmachines have a cutting-edge shaft
with a cooling system to avoid temperature increments and pre-
vent skin burning.146 Large ablation zones can be created more
efficiently by increasing the energy given to the target.146 With the
introduction of the new technology, large HCC lesions (up to 8 cm
in size) might accomplish over 80% of complete ablation.147

Recurrence can occur, which is a big problem even though more
patients choose MVAwith satisfactory complete ablation.148 A total
recurrence rate of 30.7% was recorded in one study (13.4% within
the same lesion and 17.3% in new sites).149 Newly detected lesions
on CT that displayed enhancement in the arterial phase and
washout in the delayed phase were considered tumor
recurrence.150

Patients with a hepatic focal lesion (HFL) larger than 4 cm
(37.9%) experienced recurrence at a much higher rate than those
with an HFL of 4 cm (13.6%).149 The substantial correlation between
the tumor size and the relapse rate was acknowledged.151 Patients
with numerous hypervascular nodules experienced a significantly
greater recurrence rate.149 This is in line with the findings of
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Toshimori et al.,152 who noted that numerous nodules, hyper-
vascular lesions, and HFL >2 cm had a significantly higher recur-
rence rate.

5.3.3. TACE
TACE is currently the recommended treatment method for pa-

tients with large or multinodular HCC and conserved liver function
but no cancer-related clinical manifestations and signs of vascular
invasion or extrahepatic spread.153,154 According to the BCLC stag-
ing system, these patients are considered to have intermediate-
stage liver cancer. TACE can improve a patient’s probability of sur-
vival bymaintaining their liver function and treating asymptomatic
multinodular tumors without MVI or extrahepatic spread.155,156

Recent studies have demonstrated that in patients with multi-
nodular HCC without vascular invasion or extrahepatic dissemi-
nation, the combination of TACE and sorafenib resulted in better
clinical outcomes than TACE alone.156,157 The most common TACE
strategy, conventional TACE (cTACE), is the selective obstruction of
tumor-feeding arteries via the injection of chemotherapeutic
agents (doxorubicin or cisplatin) mixed with lipiodol that leads to
ischemic necrosis of target tumors by cytotoxic and ischemic ef-
fects.158 However, introducing the embolic drug-eluting bead (DEB)
has offered a smart substitute for traditional techniques.158 Some
research reports have demonstrated that, compared to standard
cTACE, DEB loaded with doxorubicin has a safe pharmacokinetic
profile with decreased systemic exposure to the drug andmuch less
hepatic damage.159,160 Despite the theoretical advantages of DEB-
TACE, it is still controversial in clinical practice whether DEB-
TACE is superior to cTACE regarding OS and treatment
response.161 The effectiveness of TACE is constrained, and a quick
return after this therapy can worsen the prognosis.162 Increased
vascular endothelial growth factor (VEGF) synthesis and the
ensuing angiogenesis are characteristics of post-TACE tumor
recurrence.163 Additionally, TACE stimulates the countenance of
other proangiogenic mediators (such as hypoxia-inducible factor 1)
and boosts VEGF expression in the remaining surviving malignant
tissue.163,164 Although TACE causes in situ necrosis, it may also
foster conditions that allow for (or even promote) angiogenesis.165

Previously, a Cochrane Meta-analysis questioned the validity of
the evidence proving the advantages of TACE.166 According to this
Cochrane review, no proof exists that TACE improves participants’
chances of surviving with unresectable HCC.166 However, more
recent data showed that the use of new approaches like degradable
microspheres and efficient biomarkers for monitoring efficacy, will
improve the outcomes of TACE, and may even turn it into a curative
intervention.167

5.4. HCC recurrence after systemic therapy

Since there are defects in surveillance and diagnostic tools for
HCC, it is typically detected at an advanced stage.168 About 60%e
70% of patients had primary advanced, incurable, recurring, or
metastatic disease at the moment of diagnosis.169 The median
survival after diagnosis ranges from 6 months to 12 months when
palliative care is administered at an advanced stage.170 Systemic
chemotherapy has been associated with low survival benefits, high
rates of systemic toxicities, and adverse effects.171 HCC is frequently
described as a chemoresistant malignancy, irrespective of
numerous suggested chemotherapy plans.172,173 However, patients
with advanced-stage HCC may benefit from systemic therapy.174

Sorafenib, an oral tyrosine kinase inhibitor (TKI), targets angio-
genesis and tumor proliferation pathways by inhibiting VEGFR,
platelet-derived growth factor receptor b pathways, and Raf-MEK-
ERK signaling.175 Sorafenib adjuvant therapy seems to have the
potential to be beneficial.176 Sorafenib was found to be both safe
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and effective in a phase I trial including 14 patients, with a single
reported death and four cases of recurrence observed after an
average follow-up period of 32 months.176 Dose reduction is
necessary for more than half of sorafenib-treated patients with
recurrent HCC.120,177 After dosage reductions or treatment discon-
tinuation, the disease progresses in many patients on sorafenib.178

Additionally, sorafenib did not initially work for 27% of the patients
in the Sorafenib HCC Assessment Randomized Protocol (SHARP)
study.179 Postsorafenib survival was substantially correlated with
liver decompensation, performance status, tumor advancement,
and/or extrahepatic tumor spread.180 Lenvatinib, regorafenib,
cabozantinib, and sorafenib are TKI medications that have
increased patient survival in advanced HCC.181,182

Numerous studies assessing the function of immunotherapy in
HCC have recently been conducted, and others are currently in
progress.183 Programmed cell death protein-1 (PD-1)/programmed
death-ligand 1 (PD-L1) or cytotoxic T lymphocyte-associated anti-
gen 4 (CTLA-4) are the targets of immune checkpoint inhibitors.183

These medications activate the immune system’s antitumor
response, enabling it to identify and eliminate cancer cells, T cells,
dendritic cells (DC), and activated cytokine-induced killer (CIK)
cell-based adoptive immunotherapies, as well as oncolytic virus
and peptide vaccines for HCC, have all been shown to be safe and
effective in clinical trials.183e188

PD-1 inhibitors, nivolumab and pembrolizumab, received the
U.S. Food and Drug Administration’s (FDA) approval as second-line
options for HCC treatment following sorafenib after the success of
phase II clinical studies, CheckMate 040 and Keynote 224.189,190

Sadly, pembrolizumab did not show a statistically significant
advantage over placebo in progression-free survival (PFS) or OS
according to the phase III study Keynote 240.191

Following the IMbrave150 trial’s successful conclusion,
improved HCC management recently advanced substantially.192

The combination of atezolizumab (an anti-PD-L1) and bev-
acizumab (an anti-VEGF monoclonal antibody) is superior to sor-
afenib in first-line therapy, more than ten years after sorafenib was
approved.192 Adjuvant adoptive cellular immunotherapies have
been shown to enhance RFS and OS in patients with HCC following
ablative therapy in numerous trials.186 Cryoablation plus DC-CIK
cell immunotherapy significantly increased OS for patients with
metastatic HCC compared to either cryoablation alone (median:
17.5 months) or the untreated group (median: 3 months).193 To
date, only a few studies could report definitively observed HCC
recurrence patterns after systemic therapies due to high rates of
morbidity and mortality among patients with advanced HCC be-
sides high rates of adverse effects of drugs, be they novel or
approved.

6. Prevention of HCC recurrence

The prevention of HCC recurrence is challenging; however,
several studies have discussed a wide range of chemo-preventive
options, such as:

- The long-term oral intake of branched-chain amino acids
(BCAA) granules in patients who underwent RFA led to a
reduction in the cumulative relapse rate and an improvement in
the OS.194,195 The OS and RFS improved with oral BCAA granule
delivery, according to Nishikawa et al.’s194 retrospective study of
256 patients with RFA and blood albumin levels of �3.5 g/dL.
BCAA granule administration can also hasten the recovery of
protein metabolism following hepatectomy.196 According to
Ichikawa et al.,197 BCAA granules significantly prevented early
recurrence following hepatectomy. Additionally, it has been
demonstrated that the administration of BCAA granules before
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TACE prevented the decline in blood albumin levels three and
six months following TACE and supported the maintenance of
residual liver function in Child-Pugh A and B patients.198 When
sorafenib is utilized, BCAA granule delivery prevents the decline
in serum albumin levels and prolongs survival.199

- Several Meta-analyses have reported the effectiveness of inter-
feron (IFN) as an antiviral therapy for HBV and/or HCV-related
HCC.200,201 IFN may potentially prevent postoperative recur-
rence when used in conjunction with the Milan criteria, and the
prolonged virological response was explicitly linked to this
possibility.201

- Nucleic acid analogs are recommended for patients with HBV-
related chronic liver disease following HCC treatment to limit
HCC recurrence and enhance prognosis.202
Fig. 3. Arms of HC
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- A report on the impact of IFN following radical therapy for HCV-
induced HCC found a trend in suppressing recurrence; however,
the findings were not statistically significant.203 After aggressive
treatment for HCC, multiple studies have found that IFN reduced
the rate of further recurrence after a second recurrence.204 A
multicenter prospective analysis negated the role of direct-acting
antivirals (DAAs) inpromotingHCC recurrence, even thoughmost
studies reported a significant recurrence rate following elimina-
tionbyDAAs.205 The prevention ofHCC’s arms is depicted in Fig. 3.

- An RCT was conducted on patients receiving HCC radical cura-
tive treatment to see if sorafenib may stop the recurrence of the
disease.206 There were two groups in this study (the STORM
trial): one comprising patients who received sorafenib at
800 mg/d and the other made up of patients who received a
C prevention.

gement of HCC recurrence.
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placebo; nevertheless, sorafenib had no discernible prolonging
effect.18 Due to the high rate of unfavorable side effects, the
long-term oral administration of sorafenib proved impractical in
the STORM study.18

- Peretinoin is an oral acyclic retinoid with a structure resembling
that of vitamin A that works by binding to the retinoid nuclear
receptor.207 According to a small-scale RCT that examined the
impact of peretinoin on the prevention of HCC recurrence
following radical treatment, the drug was able to reduce the rate
of a second recurrence (adjusted relative risk: 0.31; 95%CI:
0.12e0.78).208

- Additionally, deferoxamine (DFO) has been shown to have an
anticancer impact in patients with HCC.209 DFO was shown to
decrease hepatic fibrosis and precancerous lesions in a liver
cancer rat model.210
7. Conclusions: unmet needs in managing HCC recurrence

HCC recurrence is still a concern despite improvements in OS,
which demands a careful reevaluation of the patient and disease
condition before retreating. To manage HCC recurrence properly,
appropriate staging is essential. Optimal chemoprophylaxis in
viral hepatitis-induced HCC should be offered from the start. Close
imaging surveillance is required after curative-intent treatment to
detect possible recurrence early. The timing of surveillance should
be determined based on primary tumor characteristics. The
decision-making process for the management options at the
recurrence time must exclude extrahepatic spread and select
possible candidates for repeat therapies with a curative objective.
Repeated liver resection or ablation may benefit those with still-
preserved liver function. Individualized and evidence-based de-
cision-making is required to get the best results for individuals
with recurrent HCC. Even though LT is the most effective therapy
for treating HCC, it still has some limitations, the most notable of
which is the possibility of tumor recurrence. To enhance patient
outcomes, considerable effort still needs to be made, and progress
is still needed. Careful patient selection and stratification are
crucial points. Pretransplant prognostic models should be more
validated.

There is currently no standard surveillance strategy for
transplanted patients to detect post-LT HCC recurrence. Further
research on adjuvant therapy after curative HCC treatment
should be encouraged. Proper screening programs and HCC
detection have to be optimized in different healthcare centers.
Large-cohort studies are needed to investigate the benefits and
risks of combining different HCC treatment modalities as a
definitive solution to minimize recurrence. Patients with HCC
should be evaluated adequately before liver resection to identify
predictors of recurrence. Immunotherapy in HCC still requires
more research to maximize its use, either as an additional ther-
apeutic agent after curative treatment or as a sole therapy. Figure
4 illustrates the unmet needs of the management of HCC
recurrence.

Authors’ contributions

Mohamed El-Kassas: Conceptualization, Writing- Reviewing
and Editing; Walaa Abdelhamed: Data curation and original draft
preparation. Both authors read and approved the final manuscript.

Declaration of competing interest

The authors declare that there is no conflicts of interest.
328
Acknowledgements

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
References

1. Sagnelli E, Macera M, Russo A, Coppola N, Sagnelli C. Epidemiological and
etiological variations in hepatocellular carcinoma. Infection. 2020;48:7e17.
https://doi.org/10.1007/s15010-019-01345-y.

2. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2021;71:209e249. https://doi.org/10.3322/
caac.21660.

3. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer sta-
tistics. CA Cancer J Clin. 2011;61:69e90. https://doi.org/10.3322/caac.20107.

4. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in
cirrhosis: incidence and risk factors. Gastroenterology. 2004;127:S35eS50.
https://doi.org/10.1053/j.gastro.2004.09.014.

5. Singal AG, Kanwal F, Llovet JM. Global trends in hepatocellular carcinoma
epidemiology: implications for screening, prevention and therapy. Nat Rev
Clin Oncol. 2023;20:864e884. https://doi.org/10.1038/s41571-023-00825-3.

6. Yang JD, Kim WR, Coelho R, et al. Cirrhosis is present in most patients with
hepatitis B and hepatocellular carcinoma. Clin Gastroenterol Hepatol. 2011;9:
64e70. https://doi.org/10.1016/j.cgh.2010.08.019.

7. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma.
Gastroenterology. 2012;142:1264e1273 (e1). https://doi.org/10.1053/
j.gastro.2011.12.061.

8. Global Burden of Disease Liver Cancer Collaboration, Akinyemiju T, Abera S,
et al. The burden of primary liver cancer and underlying etiologies from 1990
to 2015 at the global, regional, and national level: results from the global
burden of disease study 2015. JAMA Oncol. 2017;3:1683e1691. https://
doi.org/10.1001/jamaoncol.2017.3055.

9. El Kassas M, Elbaz T, Salaheldin M, et al. Impact of treating chronic hepatitis C
infection with direct-acting antivirals on the risk of hepatocellular carcinoma:
the debate continues - a mini-review. J Adv Res. 2019;17:43e48. https://
doi.org/10.1016/j.jare.2019.03.001.

10. Salaheldin M, Aly H, Lau L, Afify S, El-Kassas M. Nonalcoholic fatty liver disease-
related hepatocellular carcinoma: the next threat after viral hepatitis. Di-
agnostics (Basel). 2023;13:2631. https://doi.org/10.3390/diagnostics13162631.

11. European Association for the Study of the Liver. Electronic address: easlof-
fice@easloffice.eu; European Association for the Study of the Liver. EASL
Clinical Practice Guidelines: management of hepatocellular carcinoma. J
Hepatol. 2018;69:182e236. https://doi.org/10.1016/j.jhep.2018.03.019.

12. Llovet JM, Villanueva A, Marrero JA, et al. Trial design and endpoints in he-
patocellular carcinoma: AASLD consensus conference. Hepatology. 2021;73:
158e191. https://doi.org/10.1002/hep.31327.

13. Yu Z, Geng J, Zhang M. Treatment of osteosarcoma with microwave thermal
ablation to induce immunogenic cell death. Oncotarget. 2014;5:6526e6539.
https://doi.org/10.18632/oncotarget.2310.

14. Kudo M, Izumi N, Kokudo N, et al. Report of the 21st nationwide follow-up
survey of primary liver cancer in Japan (2010-2011). Hepatol Res. 2021;51:
355e405. https://doi.org/10.1111/hepr.13612.

15. Brar G, Greten TF, Graubard BI, et al. Hepatocellular carcinoma survival by
etiology: a SEER-medicare database analysis. Hepatol Commun. 2020;4:
1541e1551. https://doi.org/10.1002/hep4.1564.

16. Tsilimigras DI, Bagante F, Moris D, et al. Recurrence patterns and outcomes
after resection of hepatocellular carcinoma within and beyond the Barcelona
clinic liver cancer criteria. Ann Surg Oncol. 2020;27:2321e2331. https://
doi.org/10.1245/s10434-020-08452-3.

17. Portolani N, Coniglio A, Ghidoni S, et al. Early and late recurrence after liver
resection for hepatocellular carcinoma: prognostic and therapeutic implications.
Ann Surg. 2006;243:229e235. https://doi.org/10.1097/01.sla.0000197706.
21803.a1.

18. Bruix J, Takayama T, Mazzaferro V, et al. Adjuvant sorafenib for hepatocellular
carcinoma after resection or ablation (STORM): a phase 3, randomised, dou-
ble-blind, placebo-controlled trial. Lancet Oncol. 2015;16:1344e1354. https://
doi.org/10.1016/S1470-2045(15)00198-9.

19. Abdelhamed W, El-Kassas M. Hepatocellular carcinoma and hepatitis C virus
treatments: the bold and the beautiful. J Viral Hepat. 2023;30:148e159.
https://doi.org/10.1111/jvh.13778.

20. Zhong JH, Xing BC, Zhang WG, et al. Repeat hepatic resection versus radio-
frequency ablation for recurrent hepatocellular carcinoma: retrospective
multicentre study. Br J Surg. 2021;109:71e78. https://doi.org/10.1093/bjs/
znab340.

21. Xia Y, Li J, Liu G, et al. Long-term effects of repeat hepatectomy vs percuta-
neous radiofrequency ablation among patients with recurrent hepatocellular
carcinoma: a randomized clinical trial. JAMA Oncol. 2020;6:255e263. https://
doi.org/10.1001/jamaoncol.2019.4477.

22. Yamashita Y, Shirabe K, Tsuijita E, et al. Third or more repeat hepatectomy for
recurrent hepatocellular carcinoma. Surgery. 2013;154:1038e1045. https://
doi.org/10.1016/j.surg.2013.04.046.

https://doi.org/10.1007/s15010-019-01345-y
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.20107
https://doi.org/10.1053/j.gastro.2004.09.014
https://doi.org/10.1038/s41571-023-00825-3
https://doi.org/10.1016/j.cgh.2010.08.019
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1016/j.jare.2019.03.001
https://doi.org/10.1016/j.jare.2019.03.001
https://doi.org/10.3390/diagnostics13162631
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1002/hep.31327
https://doi.org/10.18632/oncotarget.2310
https://doi.org/10.1111/hepr.13612
https://doi.org/10.1002/hep4.1564
https://doi.org/10.1245/s10434-020-08452-3
https://doi.org/10.1245/s10434-020-08452-3
https://doi.org/10.1097/01.sla.0000197706.21803.a1
https://doi.org/10.1097/01.sla.0000197706.21803.a1
https://doi.org/10.1016/S1470-2045(15)00198-9
https://doi.org/10.1016/S1470-2045(15)00198-9
https://doi.org/10.1111/jvh.13778
https://doi.org/10.1093/bjs/znab340
https://doi.org/10.1093/bjs/znab340
https://doi.org/10.1001/jamaoncol.2019.4477
https://doi.org/10.1001/jamaoncol.2019.4477
https://doi.org/10.1016/j.surg.2013.04.046
https://doi.org/10.1016/j.surg.2013.04.046


W. Abdelhamed and M. El-Kassas Liver Research 7 (2023) 321e332
23. Xu XF, Xing H, Han J, et al. Risk factors, patterns, and outcomes of late
recurrence after liver resection for hepatocellular carcinoma: a multicenter
study from China. JAMA Surg. 2019;154:209e217. https://doi.org/10.1001/
jamasurg.2018.4334.

24. Xie QS, Chen ZX, Zhao YJ. Systematic review of outcomes and meta-analysis of
risk factors for prognosis after liver resection for hepatocellular carcinoma
without cirrhosis. Asian J Surg. 2021;44:36e45. https://doi.org/10.1016/
j.asjsur.2020.08.019.

25. Zheng J, Chou JF, G€onen M, et al. Prediction of hepatocellular carcinoma
recurrence beyond milan criteria after resection: validation of a clinical risk
score in an international cohort. Ann Surg. 2017;266:693e701. https://
doi.org/10.1097/SLA.0000000000002360.

26. Tsilimigras DI, Mehta R, Guglielmi A, et al. Recurrence beyond the Milan
criteria after curative-intent resection of hepatocellular carcinoma: a novel
tumor-burden based prediction model. J Surg Oncol. 2020;122:955e963.
https://doi.org/10.1002/jso.26091.

27. Hasan B, Colak Y, Khalid RA, et al. Early detection of hepatocellular carcinoma
recurrence in the posttransplant population: a comparison of retreat and
cleveland clinic Florida scoring system. Transplant Proc. 2021;53:193e199.
https://doi.org/10.1016/j.transproceed.2020.09.015.

28. Ma KW, She WH, Chan ACY, et al. Validated model for prediction of recurrent
hepatocellular carcinoma after liver transplantation in Asian population.
World J Gastrointest Oncol. 2019;11:322e334. https://doi.org/10.4251/
wjgo.v11.i4.322.

29. He YZ, He K, Huang RQ, et al. A clinical scoring system for predicting tumor
recurrence after percutaneous radiofrequency ablation for 3 cm or less he-
patocellular carcinoma. Sci Rep. 2021:118275. https://doi.org/10.1038/
s41598-021-87782-y.

30. Liu Z, Liu Y, Zhang W, et al. Deep learning for prediction of hepatocellular
carcinoma recurrence after resection or liver transplantation: a discovery and
validation study. Hepatol Int. 2022;16:577e589. https://doi.org/10.1007/
s12072-022-10321-y.

31. Ho CM, Lee CH, Lee MC, et al. Survival after treatable hepatocellular carcinoma
recurrence in liver recipients: a nationwide cohort analysis. Front Oncol.
2021;10:616094. https://doi.org/10.3389/fonc.2020.616094.

32. Wei T, Zhang XF, Bagante F, et al. Early versus late recurrence of hepatocel-
lular carcinoma after surgical resection based on post-recurrence survival: an
international multi-institutional analysis. J Gastrointest Surg. 2021;25:
125e133. https://doi.org/10.1007/s11605-020-04553-2.

33. Vogel A, Martinelli E, ESMO Guidelines Committee. Updated treatment rec-
ommendations for hepatocellular carcinoma (HCC) from the ESMO Clinical
Practice Guidelines. Ann Oncol. 2021;32:801e805. https://doi.org/10.1016/
j.annonc.2021.02.014.

34. Liu X, Jiang H, Chen J, Zhou Y, Huang Z, Song B. Gadoxetic acid disodium-
enhanced magnetic resonance imaging outperformed multidetector
computed tomography in diagnosing small hepatocellular carcinoma: a meta-
analysis. Liver Transplant. 2017;23:1505e1518. https://doi.org/10.1002/
lt.24867.

35. Kim WJ, Lim TW, Park PJ, Choi SB, Kim WB. Prognostic markers affecting the
early recurrence of hepatocellular carcinoma with liver cirrhosis after curative
resection. Int J Biol Markers. 2019;34:123e131. https://doi.org/10.1177/
1724600819834306.

36. Si YQ, Wang XQ, Fan G, et al. Value of AFP and PIVKA-II in diagnosis of HBV-
related hepatocellular carcinoma and prediction of vascular invasion and
tumor differentiation. Infect Agent Cancer. 2020;15:70. https://doi.org/
10.1186/s13027-020-00337-0.

37. Takada Y, Ito T, Ueda M, et al. Living donor liver transplantation for patients
with HCC exceeding the Milan criteria: a proposal of expanded criteria. Dig
Dis. 2007;25:299e302. https://doi.org/10.1159/000106908.

38. Duda DG, Dima SO, Cucu D, et al. Potential circulating biomarkers of recur-
rence after hepatic resection or liver transplantation in hepatocellular carci-
noma patients. Cancers (Basel). 2020;12:1275. https://doi.org/10.3390/
cancers12051275.

39. Ye K, Fan Q, Yuan M, et al. Prognostic value of postoperative circulating
tumor DNA in patients with early-and intermediate-stage hepatocellular
carcinoma. Front Oncol. 2022;12:834992. https://doi.org/10.3389/
fonc.2022.834992.

40. Ji J, Wang H, Li Y, et al. Diagnostic evaluation of des-gamma-carboxy pro-
thrombin versus a-fetoprotein for hepatitis B virus-related hepatocellular
carcinoma in China: a large-scale, multicentre study. PLoS One. 2016;11:
e0153227. https://doi.org/10.1371/journal.pone.0153227.

41. Yoon JH, Lee WJ, Kim SM, et al. Simple parameters predicting extrahepatic
recurrence after curative hepatectomy for hepatocellular carcinoma. Sci Rep.
2021;11:12984. https://doi.org/10.1038/s41598-021-92503-6.

42. Heimbach JK, Kulik LM, Finn RS, et al. AASLD Guidelines for the treatment of
hepatocellular carcinoma. Hepatology. 2018;67:358e380. https://doi.org/
10.1002/hep.29086.

43. Midorikawa Y, Takayama T, Nakayama H, et al. Favorable outcomes of surgical
resection for extrahepatic recurrent hepatocellular carcinoma. Hepatol Res.
2020;50:978e984. https://doi.org/10.1111/hepr.13526.

44. Yao SY, Liang B, Chen YY, Tang YT, Dong XF, Liu TQ. Clinical stages of recurrent
hepatocellular carcinoma: a retrospective cohort study. World J Clin Cases.
2021;9:8020e8026. https://doi.org/10.12998/wjcc.v9.i27.8020.
329
45. Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT. Development of Hong Kong
liver cancer staging system with treatment stratification for patients with
hepatocellular carcinoma. Gastroenterology. 2014;146:1691e1700. https://
doi.org/10.1053/j.gastro.2014.02.032. e3.

46. Tabrizian P, Jibara G, Shrager B, Schwartz M, Roayaie S. Recurrence of hepa-
tocellular cancer after resection: patterns, treatments, and prognosis. Ann
Surg. 2015;261:947e955. https://doi.org/10.1097/SLA.0000000000000710.

47. Kim HI, An J, Kim JY, et al. Postresection period-specific hazard of recurrence
as a framework for surveillance strategy in patients with hepatocellular car-
cinoma: a multicenter outcome study. Liver Cancer. 2021;11:141e151.
https://doi.org/10.1159/000518837.

48. Sapena V, Enea M, Torres F, et al. Hepatocellular carcinoma recurrence after
direct-acting antiviral therapy: an individual patient data meta-analysis. Gut.
2022;71:593e604. https://doi.org/10.1136/gutjnl-2020-323663.

49. Tsilimigras DI, Bagante F, Sahara K, et al. Prognosis after resection of Barcelona
clinic liver cancer (BCLC) stage 0, A, and B hepatocellular carcinoma: a
comprehensive assessment of the current BCLC classification. Ann Surg Oncol.
2019;26:3693e3700. https://doi.org/10.1245/s10434-019-07580-9.

50. Wang MD, Li C, Liang L, et al. Early and late recurrence of hepatitis B virus-
associated hepatocellular carcinoma. Oncologist. 2020;25:e1541ee1551.
https://doi.org/10.1634/theoncologist.2019-0944.

51. Zhang H, Han J, Xing H, et al. Sex difference in recurrence and survival after
liver resection for hepatocellular carcinoma: a multicenter study. Surgery.
2019;165:516e524. https://doi.org/10.1016/j.surg.2018.08.031.

52. Shim JH, JunMJ,Han S, et al. Prognostic nomograms for prediction of recurrence
and survival after curative liver resection for hepatocellular carcinoma. Ann
Surg. 2015;261:939e946. https://doi.org/10.1097/SLA.0000000000000747.

53. Ho SY, Hsu CY, Liu PH, et al. Albumin-bilirubin (ALBI) grade-based nomogram
to predict tumor recurrence in patients with hepatocellular carcinoma. Eur J
Surg Oncol. 2019;45:776e781. https://doi.org/10.1016/j.ejso.2018.10.541.

54. Vogel A, Cervantes A, Chau I, et al. Hepatocellular carcinoma: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2018;29:iv238eiv255. https://doi.org/10.1093/annonc/mdy308.

55. Takahara T, Wakabayashi G, Beppu T, et al. Long-term and perioperative
outcomes of laparoscopic versus open liver resection for hepatocellular car-
cinoma with propensity score matching: a multi-institutional Japanese study.
J Hepatobiliary Pancreat Sci. 2015;22:721e727. https://doi.org/10.1002/
jhbp.276.

56. Witowski J, Rubinkiewicz M, Mizera M, et al. Meta-analysis of short- and
long-term outcomes after pure laparoscopic versus open liver surgery in
hepatocellular carcinoma patients. Surg Endosc. 2019;33:1491e1507. https://
doi.org/10.1007/s00464-018-6431-6.

57. Marukuchi R, FurukawaK, IwaseR, et al. Risk factors for deterioration of remnant
liver function after hepatic resection for hepatocellular carcinoma. Anticancer
Res. 2019;39:5755e5760. https://doi.org/10.21873/anticanres.13777.

58. Xiang L, Li J, Chen J, et al. Prospective cohort study of laparoscopic and open
hepatectomy for hepatocellular carcinoma. Br J Surg. 2016;103:1895e1901.
https://doi.org/10.1002/bjs.10294.

59. Li SQ, Huang T, Shen SL, et al. Anatomical versus non-anatomical liver
resection for hepatocellular carcinoma exceeding Milan criteria. Br J Surg.
2017;104:118e127. https://doi.org/10.1002/bjs.10311.

60. Marubashi S, Gotoh K, Akita H, et al. Anatomical versus non-anatomical
resection for hepatocellular carcinoma. Br J Surg. 2015;102:776e784. https://
doi.org/10.1002/bjs.9815.

61. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011;144:646e674. https://doi.org/10.1016/j.cell.2011.02.013.

62. Yang P, Si A, Yang J, et al. A wide-margin liver resection improves long-term
outcomes for patients with HBV-related hepatocellular carcinoma with
microvascular invasion. Surgery. 2019;165:721e730. https://doi.org/10.1016/
j.surg.2018.09.016.

63. Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver failure: a defi-
nition and grading by the International Study Group of Liver Surgery (ISGLS).
Surgery. 2011;149:713e724. https://doi.org/10.1016/j.surg.2010.10.001.

64. Lazzara C, Navarra G, Lazzara S, et al. Does the margin width influence
recurrence rate in liver surgery for hepatocellular carcinoma smaller than 5
cm? Eur Rev Med Pharmacol Sci. 2017;21:523e529.

65. Zou H, Zhu CZ, Wang C, et al. Recurrence of Barcelona clinic liver cancer stage
A hepatocellular carcinoma after hepatectomy. Am J Med Sci. 2017;354:
262e267. https://doi.org/10.1016/j.amjms.2017.05.014.

66. Makuuchi M, Hasegawa H, Yamazaki S. Ultrasonically guided sub-
segmentectomy. Surg Gynecol Obstet. 1985;161:346e350.

67. Kang KJ, Ahn KS. Anatomical resection of hepatocellular carcinoma: a critical
review of the procedure and its benefits on survival. World J Gastroenterol.
2017;23:1139e1146. https://doi.org/10.3748/wjg.v23.i7.1139.

68. Ju M, Yopp AC. The utility of anatomical liver resection in hepatocellular car-
cinoma: associated with improved outcomes or lack of supportive evidence?
Cancers (Basel). 2019;11:1441. https://doi.org/10.3390/cancers11101441.

69. Wang Z, Ren Z, Chen Y, et al. Adjuvant transarterial chemoembolization for
HBV-Related hepatocellular carcinoma after resection: a randomized
controlled study. Clin Cancer Res. 2018;24:2074e2081. https://doi.org/
10.1158/1078-0432.CCR-17-2899.

70. Chen ZH, Zhang XP, Zhou TF, et al. Adjuvant transarterial chemoembolization
improves survival outcomes in hepatocellular carcinoma with microvascular

https://doi.org/10.1001/jamasurg.2018.4334
https://doi.org/10.1001/jamasurg.2018.4334
https://doi.org/10.1016/j.asjsur.2020.08.019
https://doi.org/10.1016/j.asjsur.2020.08.019
https://doi.org/10.1097/SLA.0000000000002360
https://doi.org/10.1097/SLA.0000000000002360
https://doi.org/10.1002/jso.26091
https://doi.org/10.1016/j.transproceed.2020.09.015
https://doi.org/10.4251/wjgo.v11.i4.322
https://doi.org/10.4251/wjgo.v11.i4.322
https://doi.org/10.1038/s41598-021-87782-y
https://doi.org/10.1038/s41598-021-87782-y
https://doi.org/10.1007/s12072-022-10321-y
https://doi.org/10.1007/s12072-022-10321-y
https://doi.org/10.3389/fonc.2020.616094
https://doi.org/10.1007/s11605-020-04553-2
https://doi.org/10.1016/j.annonc.2021.02.014
https://doi.org/10.1016/j.annonc.2021.02.014
https://doi.org/10.1002/lt.24867
https://doi.org/10.1002/lt.24867
https://doi.org/10.1177/1724600819834306
https://doi.org/10.1177/1724600819834306
https://doi.org/10.1186/s13027-020-00337-0
https://doi.org/10.1186/s13027-020-00337-0
https://doi.org/10.1159/000106908
https://doi.org/10.3390/cancers12051275
https://doi.org/10.3390/cancers12051275
https://doi.org/10.3389/fonc.2022.834992
https://doi.org/10.3389/fonc.2022.834992
https://doi.org/10.1371/journal.pone.0153227
https://doi.org/10.1038/s41598-021-92503-6
https://doi.org/10.1002/hep.29086
https://doi.org/10.1002/hep.29086
https://doi.org/10.1111/hepr.13526
https://doi.org/10.12998/wjcc.v9.i27.8020
https://doi.org/10.1053/j.gastro.2014.02.032
https://doi.org/10.1053/j.gastro.2014.02.032
https://doi.org/10.1097/SLA.0000000000000710
https://doi.org/10.1159/000518837
https://doi.org/10.1136/gutjnl-2020-323663
https://doi.org/10.1245/s10434-019-07580-9
https://doi.org/10.1634/theoncologist.2019-0944
https://doi.org/10.1016/j.surg.2018.08.031
https://doi.org/10.1097/SLA.0000000000000747
https://doi.org/10.1016/j.ejso.2018.10.541
https://doi.org/10.1093/annonc/mdy308
https://doi.org/10.1002/jhbp.276
https://doi.org/10.1002/jhbp.276
https://doi.org/10.1007/s00464-018-6431-6
https://doi.org/10.1007/s00464-018-6431-6
https://doi.org/10.21873/anticanres.13777
https://doi.org/10.1002/bjs.10294
https://doi.org/10.1002/bjs.10311
https://doi.org/10.1002/bjs.9815
https://doi.org/10.1002/bjs.9815
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.surg.2018.09.016
https://doi.org/10.1016/j.surg.2018.09.016
https://doi.org/10.1016/j.surg.2010.10.001
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref64
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref64
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref64
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref64
https://doi.org/10.1016/j.amjms.2017.05.014
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref66
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref66
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref66
https://doi.org/10.3748/wjg.v23.i7.1139
https://doi.org/10.3390/cancers11101441
https://doi.org/10.1158/1078-0432.CCR-17-2899
https://doi.org/10.1158/1078-0432.CCR-17-2899


W. Abdelhamed and M. El-Kassas Liver Research 7 (2023) 321e332
invasion: a systematic review and meta-analysis. Eur J Surg Oncol. 2019;45:
2188e2196. https://doi.org/10.1016/j.ejso.2019.06.031.

71. Feng YX, Wang T, Deng YZ, et al. Sorafenib suppresses postsurgical recurrence
and metastasis of hepatocellular carcinoma in an orthotopic mouse model.
Hepatology. 2011;53:483e492. https://doi.org/10.1002/hep.24075.

72. Zeng ZM, Mo N, Zeng J, et al. Advances in postoperative adjuvant therapy for
primary liver cancer. World J Gastrointest Oncol. 2022;14:1604e1621. https://
doi.org/10.4251/wjgo.v14.i9.1604.

73. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the treatment
of small hepatocellular carcinomas in patients with cirrhosis. N Engl J Med.
1996;334:693e699. https://doi.org/10.1056/NEJM199603143341104.

74. Starzl TE, Groth CG, Brettschneider L, et al. Orthotopic homotransplantation of
the human liver. Ann Surg. 1968;168:392e415. https://doi.org/10.1097/
00000658-196809000-00009.

75. Valdivieso A, Bustamante J, Gastaca M, et al. Management of hepatocellular
carcinoma recurrence after liver transplantation. Cancers (Basel). 2021;13:
4882. https://doi.org/10.3390/cancers13194882.

76. Escartin A, Sapisochin G, Bilbao I, et al. Recurrence of hepatocellular carci-
noma after liver transplantation. Transplant Proc. 2007;39:2308e2310.
https://doi.org/10.1016/j.transproceed.2007.06.042.

77. Zhang X, Li J, Shen F, Lau WY. Significance of presence of microvascular in-
vasion in specimens obtained after surgical treatment of hepatocellular car-
cinoma. J Gastroenterol Hepatol. 2018;33:347e354. https://doi.org/10.1111/
jgh.13843.

78. Jonas S, Bechstein WO, Steinmüller T, et al. Vascular invasion and histo-
pathologic grading determine outcome after liver transplantation for hepa-
tocellular carcinoma in cirrhosis. Hepatology. 2001;33:1080e1086. https://
doi.org/10.1053/jhep.2001.23561.

79. Costentin CE, Bababekov YJ, Zhu AX, Yeh H. Is it time to reconsider the Milan
Criteria for selecting patients with hepatocellular carcinoma for deceased-
donor liver transplantation? Hepatology. 2019;69:1324e1336. https://doi.org/
10.1002/hep.30278.

80. Silva M, Moya A, Berenguer M, et al. Expanded criteria for liver trans-
plantation in patients with cirrhosis and hepatocellular carcinoma. Liver
Transpl. 2008;14:1449e1460. https://doi.org/10.1002/lt.21576.

81. Fan J, Zhou J, Xu Y, et al. Indication of liver transplantation for hepatocellular
carcinoma: Shanghai Fudan criteria [in Chinese]. Zhonghua Yixue Zazhi.
2006;86:1227e1231.

82. Yao FY, Xiao L, Bass NM, Kerlan R, Ascher NL, Roberts JP. Liver transplantation
for hepatocellular carcinoma: validation of the UCSF-expanded criteria based
on preoperative imaging. Am J Transplant. 2007;7:2587e2596. https://doi.org/
10.1111/j.1600-6143.2007.01965.x.

83. Mazzaferro V, Llovet JM, Miceli R, et al. Predicting survival after liver trans-
plantation in patients with hepatocellular carcinoma beyond the Milan
criteria: a retrospective, exploratory analysis. Lancet Oncol. 2009;10:35e43.
https://doi.org/10.1016/S1470-2045(08)70284-5.

84. Shah SA, Tan JC, McGilvray ID, et al. Accuracy of staging as a predictor for recur-
rence after liver transplantation for hepatocellular carcinoma. Transplantation.
2006;81:1633e1639. https://doi.org/10.1097/01.tp.0000226069.66819.7e.

85. Mathur A, Franco ES, Leone JP, et al. Obesity portends increased morbidity and
earlier recurrence following liver transplantation for hepatocellular carci-
noma. HPB (Oxford). 2013;15:504e510. https://doi.org/10.1111/j.1477-
2574.2012.00602.x.

86. Filgueira NA. Hepatocellular carcinoma recurrence after liver transplantation:
risk factors, screening and clinical presentation. World J Hepatol. 2019;11:
261e272. https://doi.org/10.4254/wjh.v11.i3.261.

87. Mazzaferro V, Citterio D, Bhoori S, et al. Liver transplantation in hepatocellular
carcinoma after tumour downstaging (XXL): a randomised, controlled, phase
2b/3 trial. Lancet Oncol. 2020;21:947e956. https://doi.org/10.1016/S1470-
2045(20)30224-2.

88. Sun R, Zhang L, Yang Z, et al. Liver transplantation for hepatocellular carci-
noma: a prognostic model incorporating pretransplant inflammatory cyto-
kines. Cytokine. 2022;153:155847. https://doi.org/10.1016/j.cyto.2022.155847.

89. Yaprak O, Acar S, Ertugrul G, Dayangac M. Role of pre-transplant 18F-FDG
PET/CT in predicting hepatocellular carcinoma recurrence after liver trans-
plantation. World J Gastrointest Oncol. 2018;10:336e343. https://doi.org/
10.4251/wjgo.v10.i10.336.

90. Notarpaolo A, Layese R, Magistri P, et al. Validation of the AFP model as a
predictor of HCC recurrence in patients with viral hepatitis-related cirrhosis
who had received a liver transplant for HCC. J Hepatol. 2017;66:552e559.
https://doi.org/10.1016/j.jhep.2016.10.038.

91. Chen IH, Hsu CC, Yong CC, et al. AFP Response to locoregional therapy can
stratify the risk of tumor recurrence in HCC patients after living donor liver
transplantation. Cancers (Basel). 2023;15:1551. https://doi.org/10.3390/
cancers15051551.

92. Seehofer D, Petrowsky H, Schneeberger S, et al. Patient selection for down-
staging of hepatocellular carcinoma prior to liver transplantation-adjusting
the odds? Transpl Int. 2022;35:10333. https://doi.org/10.3389/ti.2022.10333.

93. N€orthen A, Asendorf T, Walson PD, Oellerich M. Diagnostic value of alpha-1-
fetoprotein (AFP) as a biomarker for hepatocellular carcinoma recurrence
after liver transplantation. Clin Biochem. 2018;52:20e25. https://doi.org/
10.1016/j.clinbiochem.2017.10.011.
330
94. Magro B, Pinelli D, De Giorgio M, et al. Pre-transplant alpha-fetoprotein > 25.5
and its dynamic on waitlist are predictors of HCC recurrence after liver
transplantation for patients meeting Milan criteria. Cancers (Basel). 2021;13:
5976. https://doi.org/10.3390/cancers13235976.

95. Mahmud N, John B, Taddei TH, Goldberg DS. Pre-transplant alpha-fetoprotein
is associated with post-transplant hepatocellular carcinoma recurrence
mortality. Clin Transplant. 2019;33:e13634. https://doi.org/10.1111/ctr.13634.

96. Mehta N, Dodge JL, Grab JD, Yao FY. National experience on down-staging of
hepatocellular carcinoma before liver transplant: influence of tumor burden,
alpha-fetoprotein, and wait time. Hepatology. 2020;71:943e954. https://
doi.org/10.1002/hep.30879.

97. Hameed B, Mehta N, Sapisochin G, Roberts JP, Yao FY. Alpha-fetoprotein level
> 1000 ng/mL as an exclusion criterion for liver transplantation in patients
with hepatocellular carcinoma meeting the Milan criteria. Liver Transpl.
2014;20:945e951. https://doi.org/10.1002/lt.23904.

98. Pot�e N, Cauchy F, Albuquerque M, et al. Performance of PIVKA-II for early
hepatocellular carcinoma diagnosis and prediction of microvascular invasion.
J Hepatol. 2015;62:848e854. https://doi.org/10.1016/j.jhep.2014.11.005.

99. Hong YM, Cho M, Yoon KT, et al. Risk factors of early recurrence after curative
hepatectomy in hepatocellular carcinoma. Tumour Biol. 2017;39:
1010428317720863. https://doi.org/10.1177/1010428317720863.

100. Taketomi A, Sanefuji K, Soejima Y, et al. Impact of des-gamma-carboxy pro-
thrombin and tumor size on the recurrence of hepatocellular carcinoma after
living donor liver transplantation. Transplantation. 2009;87:531e537. https://
doi.org/10.1097/TP.0b013e3181943bee.

101. Chaiteerakij R, Zhang X, Addissie BD, et al. Combinations of biomarkers and
Milan criteria for predicting hepatocellular carcinoma recurrence after liver
transplantation. Liver Transpl. 2015;21:599e606. https://doi.org/10.1002/
lt.24117.

102. Zheng Z, Zhou L, Gao S, Yang Z, Yao J, Zheng S. Prognostic role of C-reactive
protein in hepatocellular carcinoma: a systematic review and meta-analysis.
Int J Med Sci. 2013;10:653e664. https://doi.org/10.7150/ijms.6050.

103. Kim YK, Kim SH, Lee SD, Hong SK, Park SJ. Pretransplant serum levels of C-
reactive protein predict prognoses in patients undergoing liver trans-
plantation for hepatocellular carcinoma. Transplant Proc. 2015;47:686e693.
https://doi.org/10.1016/j.transproceed.2014.11.048.

104. Citores MJ, Lucena JL, de la Fuente S, Cuervas-Mons V. Serum biomarkers and
risk of hepatocellular carcinoma recurrence after liver transplantation.World J
Hepatol. 2019;11:50e64. https://doi.org/10.4254/wjh.v11.i1.50.

105. Lai Q, Melandro F, Larghi Laureiro Z, et al. Platelet-to-lymphocyte ratio in the
setting of liver transplantation for hepatocellular cancer: a systematic review
and meta-analysis. World J Gastroenterol. 2018;24:1658e1665. https://
doi.org/10.3748/wjg.v24.i15.1658.

106. Gu XQ, Zheng WP, Teng DH, Sun JS, Zheng H. Impact of non-oncological
factors on tumor recurrence after liver transplantation in hepatocellular
carcinoma patients. World J Gastroenterol. 2016;22:2749e2759. https://
doi.org/10.3748/wjg.v22.i9.2749.

107. Thuluvath PJ, Guidinger MK, Fung JJ, Johnson LB, Rayhill SC, Pelletier SJ. Liver
transplantation in the United States, 1999-2008. Am J Transplant. 2010;10:
1003e1019. https://doi.org/10.1111/j.1600-6143.2010.03037.x.

108. Martins PN, Pratschke J, Pascher A, et al. Age and immune response in organ
transplantation. Transplantation. 2005;79:127e132. https://doi.org/10.1097/
01.tp.0000146258.79425.04.

109. Rodríguez-Per�alvarez M, Tsochatzis E, Naveas MC, et al. Reduced exposure to
calcineurin inhibitors early after liver transplantation prevents recurrence of
hepatocellular carcinoma. J Hepatol. 2013;59:1193e1199. https://doi.org/
10.1016/j.jhep.2013.07.012.

110. Vivarelli M, Cucchetti A, La Barba G, et al. Liver transplantation for hepato-
cellular carcinoma under calcineurin inhibitors: reassessment of risk factors
for tumor recurrence. Ann Surg. 2008;248:857e862. https://doi.org/10.1097/
SLA.0b013e3181896278.

111. Murugan AK. mTOR: role in cancer, metastasis and drug resistance. Semin
Cancer Biol. 2019;59:92e111. https://doi.org/10.1016/j.semcancer.2019.07.003.

112. Mossmann D, Park S, Hall MN. mTOR signalling and cellular metabolism are
mutual determinants in cancer. Nat Rev Cancer. 2018;18:744e757. https://
doi.org/10.1038/s41568-018-0074-8.

113. Matter MS, Decaens T, Andersen JB, Thorgeirsson SS. Targeting the mTOR
pathway in hepatocellular carcinoma: current state and future trends. J
Hepatol. 2014;60:855e865. https://doi.org/10.1016/j.jhep.2013.11.031.

114. Bhat M, Sonenberg N, Gores GJ. The mTOR pathway in hepatic malignancies.
Hepatology. 2013;58:810e818. https://doi.org/10.1002/hep.26323.

115. Luo YD, Fang L, Yu HQ, et al. p53 haploinsufficiency and increased mTOR
signalling define a subset of aggressive hepatocellular carcinoma. J Hepatol.
2021;74:96e108. https://doi.org/10.1016/j.jhep.2020.07.036.

116. Villanueva A, Chiang DY, Newell P, et al. Pivotal role of mTOR signaling in
hepatocellular carcinoma. Gastroenterology. 2008;135:1972e198411. https://
doi.org/10.1053/j.gastro.2008.08.008.

117. Verna EC, Patel YA, Aggarwal A, et al. Liver transplantation for hepatocellular
carcinoma: management after the transplant. Am J Transplant. 2020;20:
333e347. https://doi.org/10.1111/ajt.15697.

118. Goldaracena N, Mehta N, Scalera I, et al. Multicenter validation of a score to
predict prognosis after the development of HCC recurrence following liver

https://doi.org/10.1016/j.ejso.2019.06.031
https://doi.org/10.1002/hep.24075
https://doi.org/10.4251/wjgo.v14.i9.1604
https://doi.org/10.4251/wjgo.v14.i9.1604
https://doi.org/10.1056/NEJM199603143341104
https://doi.org/10.1097/00000658-196809000-00009
https://doi.org/10.1097/00000658-196809000-00009
https://doi.org/10.3390/cancers13194882
https://doi.org/10.1016/j.transproceed.2007.06.042
https://doi.org/10.1111/jgh.13843
https://doi.org/10.1111/jgh.13843
https://doi.org/10.1053/jhep.2001.23561
https://doi.org/10.1053/jhep.2001.23561
https://doi.org/10.1002/hep.30278
https://doi.org/10.1002/hep.30278
https://doi.org/10.1002/lt.21576
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref81
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref81
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref81
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref81
https://doi.org/10.1111/j.1600-6143.2007.01965.x
https://doi.org/10.1111/j.1600-6143.2007.01965.x
https://doi.org/10.1016/S1470-2045(08)70284-5
https://doi.org/10.1097/01.tp.0000226069.66819.7e
https://doi.org/10.1111/j.1477-2574.2012.00602.x
https://doi.org/10.1111/j.1477-2574.2012.00602.x
https://doi.org/10.4254/wjh.v11.i3.261
https://doi.org/10.1016/S1470-2045(20)30224-2
https://doi.org/10.1016/S1470-2045(20)30224-2
https://doi.org/10.1016/j.cyto.2022.155847
https://doi.org/10.4251/wjgo.v10.i10.336
https://doi.org/10.4251/wjgo.v10.i10.336
https://doi.org/10.1016/j.jhep.2016.10.038
https://doi.org/10.3390/cancers15051551
https://doi.org/10.3390/cancers15051551
https://doi.org/10.3389/ti.2022.10333
https://doi.org/10.1016/j.clinbiochem.2017.10.011
https://doi.org/10.1016/j.clinbiochem.2017.10.011
https://doi.org/10.3390/cancers13235976
https://doi.org/10.1111/ctr.13634
https://doi.org/10.1002/hep.30879
https://doi.org/10.1002/hep.30879
https://doi.org/10.1002/lt.23904
https://doi.org/10.1016/j.jhep.2014.11.005
https://doi.org/10.1177/1010428317720863
https://doi.org/10.1097/TP.0b013e3181943bee
https://doi.org/10.1097/TP.0b013e3181943bee
https://doi.org/10.1002/lt.24117
https://doi.org/10.1002/lt.24117
https://doi.org/10.7150/ijms.6050
https://doi.org/10.1016/j.transproceed.2014.11.048
https://doi.org/10.4254/wjh.v11.i1.50
https://doi.org/10.3748/wjg.v24.i15.1658
https://doi.org/10.3748/wjg.v24.i15.1658
https://doi.org/10.3748/wjg.v22.i9.2749
https://doi.org/10.3748/wjg.v22.i9.2749
https://doi.org/10.1111/j.1600-6143.2010.03037.x
https://doi.org/10.1097/01.tp.0000146258.79425.04
https://doi.org/10.1097/01.tp.0000146258.79425.04
https://doi.org/10.1016/j.jhep.2013.07.012
https://doi.org/10.1016/j.jhep.2013.07.012
https://doi.org/10.1097/SLA.0b013e3181896278
https://doi.org/10.1097/SLA.0b013e3181896278
https://doi.org/10.1016/j.semcancer.2019.07.003
https://doi.org/10.1038/s41568-018-0074-8
https://doi.org/10.1038/s41568-018-0074-8
https://doi.org/10.1016/j.jhep.2013.11.031
https://doi.org/10.1002/hep.26323
https://doi.org/10.1016/j.jhep.2020.07.036
https://doi.org/10.1053/j.gastro.2008.08.008
https://doi.org/10.1053/j.gastro.2008.08.008
https://doi.org/10.1111/ajt.15697


W. Abdelhamed and M. El-Kassas Liver Research 7 (2023) 321e332
transplantation. HPB (Oxford). 2019;21:731e738. https://doi.org/10.1016/
j.hpb.2018.10.005.

119. Roayaie S, Schwartz JD, Sung MW, et al. Recurrence of hepatocellular carci-
noma after liver transplant: patterns and prognosis. Liver Transpl. 2004;10:
534e540. https://doi.org/10.1002/lt.20128.

120. Toso C, Mentha G, Majno P. Integrating sorafenib into an algorithm for the
management of post-transplant hepatocellular carcinoma recurrence. J Hep-
atol. 2013;59:3e5. https://doi.org/10.1016/j.jhep.2013.03.029.

121. Marrero JA, Kulik LM, Sirlin CB, et al. Diagnosis, staging, and management of
hepatocellular carcinoma: 2018 practice guidance by the American Associa-
tion for the Study of Liver Diseases. Hepatology. 2018;68:723e750. https://
doi.org/10.1002/hep.29913.

122. European Association for Study of Liver; European Organisation for Research
and Treatment of Cancer. EASL-EORTC clinical practice guidelines: manage-
ment of hepatocellular carcinoma. Eur J Cancer. 2012;48:599e641. https://
doi.org/10.1016/j.ejca.2011.12.021.

123. Kang TW, Kim JM, Rhim H, et al. Small hepatocellular carcinoma: radio-
frequency ablation versus nonanatomic resectionepropensity score analyses
of long-term outcomes. Radiology. 2015;275:908e919. https://doi.org/
10.1148/radiol.15141483.

124. Pereira PL. Actual role of radiofrequency ablation of liver metastases. Eur
Radiol. 2007;17:2062e2070. https://doi.org/10.1007/s00330-007-0587-0.

125. Akahane M, Koga H, Kato N, et al. Complications of percutaneous radio-
frequency ablation for hepato-cellular carcinoma: imaging spectrum and
management. Radiographics. 2005;25:S57eS68. https://doi.org/10.1148/
rg.25si055505.

126. Kang TW, Lim HK, Lee MW, et al. Aggressive intrasegmental recurrence of
hepatocellular carcinoma after radiofrequency ablation: risk factors and
clinical significance. Radiology. 2015;276:274e285. https://doi.org/10.1148/
radiol.15141215.

127. Shiina S, Tateishi R, Arano T, et al. Radiofrequency ablation for hepatocellular
carcinoma: 10-year outcome and prognostic factors. Am J Gastroenterol.
2012;107:569e578. https://doi.org/10.1038/ajg.2011.425.

128. Kim JW, Kim JH, Won HJ, et al. Hepatocellular carcinomas 2-3 cm in diameter:
transarterial chemoembolization plus radiofrequency ablation vs. radio-
frequency ablation alone. Eur J Radiol. 2012;81:e189ee193. https://doi.org/
10.1016/j.ejrad.2011.01.122.

129. Shiozawa K, Watanabe M, Takahashi M, Wakui N, Iida K, Sumino Y. Analysis of
patients with rapid aggressive tumor progression of hepatocellular carcinoma
after percutaneous radiofrequency ablation. Hepatogastroenterology. 2009;56:
1689e1695.

130. Lee HY, Rhim H, Lee MW, et al. Early diffuse recurrence of hepatocellular
carcinoma after percutaneous radiofrequency ablation: analysis of risk fac-
tors. Eur Radiol. 2013;23:190e197. https://doi.org/10.1007/s00330-012-
2561-8.

131. Kotoh K, Nakamuta M, Morizono S, et al. A multi-step, incremental expansion
method for radio frequency ablation: optimization of the procedure to pre-
vent increases in intra-tumor pressure and to reduce the ablation time. Liver
Int. 2005;25:542e547. https://doi.org/10.1111/j.1478-3231.2005.01051.x.

132. Kotoh K, Enjoji M, Arimura E, et al. Scattered and rapid intrahepatic re-
currences after radio frequency ablation for hepatocellular carcinoma. World J
Gastroenterol. 2005;11:6828e6832. https://doi.org/10.3748/wjg.v11.i43.6828.

133. Yamada S, Utsunomiya T,MorineY, et al. Expressions of hypoxia-inducible factor-
1 andepithelial cell adhesionmolecule are linkedwith aggressive local recurrence
ofhepatocellular carcinomaafter radiofrequencyablation therapy.AnnSurgOncol.
2014;21:S436eS442. https://doi.org/10.1245/s10434-014-3575-z.

134. Lee DH, Lee JM, Kang TW, et al. Clinical outcomes of radiofrequency ablation
for early hypovascular HCC: a multicenter retrospective study. Radiology.
2018;286:338e349. https://doi.org/10.1148/radiol.2017162452.

135. Lee MW, Kang D, Lim HK, et al. Updated 10-year outcomes of percutaneous
radiofrequency ablation as first-line therapy for single hepatocellular carci-
noma < 3 cm: emphasis on association of local tumor progression and overall
survival. Eur Radiol. 2020;30:2391e2400. https://doi.org/10.1007/s00330-
019-06575-0.

136. Pua U. Rapid intra-hepatic dissemination of hepatocellular carcinoma with
pulmonary metastases following combined loco-regional therapy. Korean J
Radiol. 2013;14:640e642. https://doi.org/10.3348/kjr.2013.14.4.640.

137. Takada Y, Kurata M, Ohkohchi N. Rapid and aggressive recurrence accom-
panied by portal tumor thrombus after radiofrequency ablation for hepato-
cellular carcinoma. Int J Clin Oncol. 2003;8:332e335. https://doi.org/10.1007/
s10147-003-0328-6.

138. Mori Y, Tamai H, Shingaki N, et al. Diffuse intrahepatic recurrence after
percutaneous radiofrequency ablation for solitary and small hepatocellular
carcinoma. Hepatol Int. 2009;3:509e515. https://doi.org/10.1007/s12072-
009-9131-4.

139. Min JH, Kim YS, Rhim H, et al. Effect of parenchymal uptake of per-
fluorobutane microbubbles (Sonazoid (®)) on radiofrequency ablation of the
liver: in vivo experimental study. Liver Int. 2016;36:1187e1195. https://
doi.org/10.1111/liv.13081.

140. Hocquelet A, Aub�e C, Rode A, et al. Comparison of no-touch multi-bipolar vs.
monopolar radiofrequency ablation for small HCC. J Hepatol. 2017;66:67e74.
https://doi.org/10.1016/j.jhep.2016.07.010.

141. Song KD, Lee MW, Rhim H, et al. Aggressive intrasegmental recurrence of
hepatocellular carcinoma after combined transarterial chemoembolization
331
and radiofrequency ablation. AJR Am J Roentgenol. 2016;207:1122e1127.
https://doi.org/10.2214/AJR.16.16080.

142. Kudo M, Finn RS, Qin S, et al. Lenvatinib versus sorafenib in first-line treat-
ment of patients with unresectable hepatocellular carcinoma: a randomised
phase 3 non-inferiority trial. Lancet. 2018;391:1163e1173. https://doi.org/
10.1016/S0140-6736(18)30207-1.

143. Lucchina N, Tsetis D, Ierardi AM, et al. Current role of microwave ablation in
the treatment of small hepatocellular carcinomas. Ann Gastroenterol. 2016;29:
460e465. https://doi.org/10.20524/aog.2016.0066.

144. Minami Y, Kudo M. Radiofrequency ablation of hepatocellular carcinoma:
current status. World J Radiol. 2010;2:417e424. https://doi.org/10.4329/
wjr.v2.i11.417.

145. Yu J, Liang P, Yu X, Liu F, Chen L, Wang Y. A comparison of microwave ablation
and bipolar radiofrequency ablation both with an internally cooled probe:
results in ex vivo and in vivo porcine livers. Eur J Radiol. 2011;79:124e130.
https://doi.org/10.1016/j.ejrad.2009.12.009.

146. Wang L, Liu BX, Long HY. Ablative strategies for recurrent hepatocellular
carcinoma. World J Hepatol. 2023;15:515e524. https://doi.org/10.4254/
wjh.v15.i4.515.

147. Zhang NN, Lu W, Cheng XJ, Liu JY, Zhou YH, Li F. High-powered microwave
ablation of larger hepatocellular carcinoma: evaluation of recurrence rate and
factors related to recurrence. Clin Radiol. 2015;70:1237e1243. https://doi.org/
10.1016/j.crad.2015.06.092.

148. Liang P, Yu J, Yu XL, et al. Percutaneous cooled-tip microwave ablation under
ultrasound guidance for primary liver cancer: a multicentre analysis of 1363
treatment-naive lesions in 1007 patients in China. Gut. 2012;61:1100e1101.
https://doi.org/10.1136/gutjnl-2011-300975.

149. Shehata MAH, El-Kady N, Hasaballah M, Mansour L, El-Gazzar N, Abd-
Elsalam S. Hypervascular nodules and stiffer liver are associated with recur-
rence after microwave ablation in patients with hepatocellular carcinoma: a
double-center analysis. South Asian J Cancer. 2020;9:153e157. https://doi.org/
10.1055/s-0041-1723102.

150. Awad MM, Devgan L, Kamel IR, Torbensen M, Choti MA. Microwave ablation
in a hepatic porcine model: correlation of CT and histopathologic findings.
HPB (Oxford). 2007;9:357e362. https://doi.org/10.1080/13651820701646222.

151. Medhat E, Abdel Aziz A, Nabeel M, et al. Value of microwave ablation in
treatment of large lesions of hepatocellular carcinoma. J Dig Dis. 2015;16:
456e463. https://doi.org/10.1111/1751-2980.12259.

152. Toshimori J, Nouso K, Nakamura S, et al. Local recurrence and complications
after percutaneous radiofrequency ablation of hepatocellular carcinoma: a
retrospective cohort study focused on tumor location. Acta Med Okayama.
2015;69:219e226. https://doi.org/10.18926/AMO/53558.

153. European Association For The Study Of The Liver; European Organisation For
Research And Treatment Of Cancer. EASL-EORTC clinical practice guidelines:
management of hepatocellular carcinoma. J Hepatol. 2012;56:908e943.
https://doi.org/10.1016/j.jhep.2011.12.001.

154. Bruix J, Sherman M, American Association for the Study of Liver Diseases.
Management of hepatocellular carcinoma: an update. Hepatology. 2011;53:
1020e1022. https://doi.org/10.1002/hep.24199.

155. Lo CM, Ngan H, Tso WK, et al. Randomized controlled trial of transarterial
lipiodol chemoembolization for unresectable hepatocellular carcinoma. Hep-
atology. 2002;35:1164e1171. https://doi.org/10.1053/jhep.2002.33156.

156. Yan J, Wen Y, Deng M, Ye B, Liu X, Zhang L. Transarterial chemoembolization
plus sorafenib versus transarterial chemoembolization alone for advanced
hepatocellular carcinoma: an umbrella review of meta-analyses and sys-
tematic reviews. J Hepatocell Carcinoma. 2023;10:1723e1733. https://doi.org/
10.2147/JHC.S429352.

157. Yan J, Deng M, Li T, et al. Efficacy and complications of transarterial chemo-
embolization alone or in combination with different protocols for hepatocel-
lular carcinoma: a Bayesian network meta-analysis of randomized controlled
trials. iLIVER. 2023;2:130e141. https://doi.org/10.1016/j.iliver.2023.03.002.

158. Lencioni R. Loco-regional treatment of hepatocellular carcinoma. Hepatology.
2010;52:762e773. https://doi.org/10.1002/hep.23725.

159. Vogl TJ, Lammer J, Lencioni R, et al. Liver, gastrointestinal, and cardiac toxicity
in intermediate hepatocellular carcinoma treated with PRECISION TACE with
drug-eluting beads: results from the PRECISION V randomized trial. AJR Am J
Roentgenol. 2011;197:W562eW570. https://doi.org/10.2214/AJR.10.4379.

160. Lammer J, Malagari K, Vogl T, et al. Prospective randomized study of doxo-
rubicin-eluting-bead embolization in the treatment of hepatocellular carci-
noma: results of the PRECISION V study. Cardiovasc Intervent Radiol. 2010;33:
41e52. https://doi.org/10.1007/s00270-009-9711-7.

161. Song JE, Kim DY. Conventional vs drug-eluting beads transarterial chemo-
embolization for hepatocellular carcinoma. World J Hepatol. 2017;9:808e814.
https://doi.org/10.4254/wjh.v9.i18.808.

162. Choi GH, Kim DH, Kang CM, et al. Prognostic factors and optimal treatment
strategy for intrahepatic nodular recurrence after curative resection of he-
patocellular carcinoma. Ann Surg Oncol. 2008;15:618e629. https://doi.org/
10.1245/s10434-007-9671-6.

163. Wang B, Xu H, Gao ZQ, Ning HF, Sun YQ, Cao GW. Increased expression of
vascular endothelial growth factor in hepatocellular carcinoma after trans-
catheter arterial chemoembolization. Acta Radiol. 2008;49:523e529. https://
doi.org/10.1080/02841850801958890.

164. Virmani S, Rhee TK, Ryu RK, et al. Comparison of hypoxia-inducible factor-
1alpha expression before and after transcatheter arterial embolization in

https://doi.org/10.1016/j.hpb.2018.10.005
https://doi.org/10.1016/j.hpb.2018.10.005
https://doi.org/10.1002/lt.20128
https://doi.org/10.1016/j.jhep.2013.03.029
https://doi.org/10.1002/hep.29913
https://doi.org/10.1002/hep.29913
https://doi.org/10.1016/j.ejca.2011.12.021
https://doi.org/10.1016/j.ejca.2011.12.021
https://doi.org/10.1148/radiol.15141483
https://doi.org/10.1148/radiol.15141483
https://doi.org/10.1007/s00330-007-0587-0
https://doi.org/10.1148/rg.25si055505
https://doi.org/10.1148/rg.25si055505
https://doi.org/10.1148/radiol.15141215
https://doi.org/10.1148/radiol.15141215
https://doi.org/10.1038/ajg.2011.425
https://doi.org/10.1016/j.ejrad.2011.01.122
https://doi.org/10.1016/j.ejrad.2011.01.122
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref129
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref129
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref129
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref129
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref129
https://doi.org/10.1007/s00330-012-2561-8
https://doi.org/10.1007/s00330-012-2561-8
https://doi.org/10.1111/j.1478-3231.2005.01051.x
https://doi.org/10.3748/wjg.v11.i43.6828
https://doi.org/10.1245/s10434-014-3575-z
https://doi.org/10.1148/radiol.2017162452
https://doi.org/10.1007/s00330-019-06575-0
https://doi.org/10.1007/s00330-019-06575-0
https://doi.org/10.3348/kjr.2013.14.4.640
https://doi.org/10.1007/s10147-003-0328-6
https://doi.org/10.1007/s10147-003-0328-6
https://doi.org/10.1007/s12072-009-9131-4
https://doi.org/10.1007/s12072-009-9131-4
https://doi.org/10.1111/liv.13081
https://doi.org/10.1111/liv.13081
https://doi.org/10.1016/j.jhep.2016.07.010
https://doi.org/10.2214/AJR.16.16080
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.20524/aog.2016.0066
https://doi.org/10.4329/wjr.v2.i11.417
https://doi.org/10.4329/wjr.v2.i11.417
https://doi.org/10.1016/j.ejrad.2009.12.009
https://doi.org/10.4254/wjh.v15.i4.515
https://doi.org/10.4254/wjh.v15.i4.515
https://doi.org/10.1016/j.crad.2015.06.092
https://doi.org/10.1016/j.crad.2015.06.092
https://doi.org/10.1136/gutjnl-2011-300975
https://doi.org/10.1055/s-0041-1723102
https://doi.org/10.1055/s-0041-1723102
https://doi.org/10.1080/13651820701646222
https://doi.org/10.1111/1751-2980.12259
https://doi.org/10.18926/AMO/53558
https://doi.org/10.1016/j.jhep.2011.12.001
https://doi.org/10.1002/hep.24199
https://doi.org/10.1053/jhep.2002.33156
https://doi.org/10.2147/JHC.S429352
https://doi.org/10.2147/JHC.S429352
https://doi.org/10.1016/j.iliver.2023.03.002
https://doi.org/10.1002/hep.23725
https://doi.org/10.2214/AJR.10.4379
https://doi.org/10.1007/s00270-009-9711-7
https://doi.org/10.4254/wjh.v9.i18.808
https://doi.org/10.1245/s10434-007-9671-6
https://doi.org/10.1245/s10434-007-9671-6
https://doi.org/10.1080/02841850801958890
https://doi.org/10.1080/02841850801958890


W. Abdelhamed and M. El-Kassas Liver Research 7 (2023) 321e332
rabbit VX2 liver tumors. J Vasc Intervent Radiol. 2008;19:1483e1489. https://
doi.org/10.1016/j.jvir.2008.06.017.

165. Lencioni R. Management of hepatocellular carcinoma with transarterial che-
moembolization in the era of systemic targeted therapy. Crit Rev Oncol
Hematol. 2012;83:216e224. https://doi.org/10.1016/j.critrevonc.2011.10.008.

166. Oliveri RS, Wetterslev J, Gluud C. Transarterial (chemo) embolisation for
unresectable hepatocellular carcinoma. Cochrane Database Syst Rev. 2011:
CD004787. https://doi.org/10.1002/14651858.CD004787.pub2.

167. Pillai K, Ke K, Mekkawy A, et al. Enhancement of treatment efficacy of hepatic
tumours using trans-arterial-chemoembolization. Am J Cancer Res. 2023;13:
1623e1639.

168. Koo E, Singal AG. Hepatocellular carcinoma surveillance: evidence-based
tailored approach. Surg Oncol Clin N Am. 2024;33:13e28. https://doi.org/
10.1016/j.soc.2023.06.005.

169. Hunold T, Pillai A. Current updates in HCC screening and treatment. Clin Liver Dis
(Hoboken). 2023;22:122e129. https://doi.org/10.1097/CLD.0000000000000083.

170. Alqahtani A, Khan Z, Alloghbi A, et al. Hepatocellular carcinoma: molecular
mechanisms and targeted therapies. Medicina (Kaunas). 2019;55:526. https://
doi.org/10.3390/medicina55090526.

171. Alqahtani A, Khan Z, Alloghbi A, Said Ahmed TS, Ashraf M, Hammouda DM.
Systemic therapy for advanced hepatocellular carcinoma: a review. Eur J
Cancer. 2004;40:1474e1484. https://doi.org/10.1016/j.ejca.2004.02.027.

172. Zhang Q, Chen H, Li Q, et al. Combination adjuvant chemotherapy with
oxaliplatin, 5-fluorouracil and leucovorin after liver transplantation for he-
patocellular carcinoma: a preliminary open-label study. Invest N Drugs.
2011;29:1360e1369. https://doi.org/10.1007/s10637-011-9726-1.

173. Hsieh CB, Chou SJ, Shih ML, et al. Preliminary experience with gemcitabine
and cisplatin adjuvant chemotherapy after liver transplantation for hepato-
cellular carcinoma. Eur J Surg Oncol. 2008;34:906e910. https://doi.org/
10.1016/j.ejso.2007.11.014.

174. Llovet JM, Zucman-Rossi J, Pikarsky E, et al. Hepatocellular carcinoma. Nat Rev
Dis Primers. 2016;2:16018. https://doi.org/10.1038/nrdp.2016.18.

175. Chang YS, Adnane J, Trail PA, et al. Sorafenib (BAY 43-9006) inhibits tumor
growth and vascularization and induces tumor apoptosis and hypoxia in RCC
xenograft models. Cancer Chemother Pharmacol. 2007;59:561e574. https://
doi.org/10.1007/s00280-006-0393-4.

176. Siegel AB, El-Khoueiry AB, Finn RS, et al. Phase I trial of sorafenib following
liver transplantation in patients with high-risk hepatocellular carcinoma.
Liver Cancer. 2015;4:115e125. https://doi.org/10.1159/000367734.

177. Sposito C, Mariani L, Germini A, et al. Comparative efficacy of sorafenib versus
best supportive care in recurrent hepatocellular carcinoma after liver trans-
plantation: a case-control study. J Hepatol. 2013;59:59e66. https://doi.org/
10.1016/j.jhep.2013.02.026.

178. Iavarone M, Cabibbo G, Piscaglia F, et al. Field-practice study of sorafenib
therapy for hepatocellular carcinoma: a prospective multicenter study in
Italy. Hepatology. 2011;54:2055e2063. https://doi.org/10.1002/hep.24644.

179. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepatocellular car-
cinoma. NEJM. 2008;359:378e390. https://doi.org/10.1056/NEJMoa0708857.

180. Iavarone M, Cabibbo G, Biolato M, et al. Predictors of survival in patients with
advanced hepatocellular carcinoma who permanently discontinued sorafenib.
Hepatology. 2015;62:784e791. https://doi.org/10.1002/hep.27729.

181. Kelley RK, Ryoo BY, Merle P, et al. Second-line cabozantinib after sorafenib
treatment for advanced hepatocellular carcinoma: a subgroup analysis of the
phase 3 CELESTIAL trial. ESMO Open. 2020;5:e000714. https://doi.org/
10.1136/esmoopen-2020-000714.

182. Qin S, Bi F, Gu S, et al. Donafenib versus sorafenib in first-line treatment of
unresectable or metastatic hepatocellular carcinoma: a randomized, open-
label, parallel-controlled phase II-III trial. J Clin Oncol. 2021;39:3002e3011.
https://doi.org/10.1200/JCO.21.00163.

183. Cerreto M, Cardone F, Cerrito L, et al. The New era of systemic treatment for
hepatocellular carcinoma: from the first line to the optimal sequence. Curr
Oncol. 2023;30:8774e8792. https://doi.org/10.3390/curroncol30100633.

184. Bejjani A, Finn RS. Evolution of systemic therapy in advanced hepatocellular
carcinoma. Surg Oncol Clin N Am. 2024;33:73e85. https://doi.org/10.1016/
j.soc.2023.06.003.

185. Palmer DH, Midgley RS, Mirza N, et al. A phase II study of adoptive immu-
notherapy using dendritic cells pulsed with tumor lysate in patients with
hepatocellular carcinoma. Hepatology. 2009;49:124e132. https://doi.org/
10.1002/hep.22626.

186. Lee JH, Lee JH, Lim YS, et al. Adjuvant immunotherapy with autologous
cytokine-induced killer cells for hepatocellular carcinoma. Gastroenterology.
2015;148:1383e1391 (e6). https://doi.org/10.1053/j.gastro.2015.02.055.

187. Cripe TP, Ngo MC, Geller JI, et al. Phase 1 study of intratumoral Pexa-Vec (JX-
594), an oncolytic and immunotherapeutic vaccinia virus, in pediatric cancer
patients. Mol Ther. 2015;23:602e608. https://doi.org/10.1038/mt.2014.243.

188. Sawada Y, Yoshikawa T, Nobuoka D, et al. Phase I trial of a glypican-3-derived
peptide vaccine for advanced hepatocellular carcinoma: immunologic evi-
dence and potential for improving overall survival. Clin Cancer Res. 2012;18:
3686e3696. https://doi.org/10.1158/1078-0432.CCR-11-3044.

189. El-Khoueiry AB, Sangro B, Yau T, et al. Nivolumab in patients with advanced
hepatocellular carcinoma (CheckMate 040): an open-label, non-comparative,
332
phase 1/2 dose escalation and expansion trial. Lancet. 2017;389:2492e2502.
https://doi.org/10.1016/S0140-6736(17)31046-2.

190. Zhu AX, Finn RS, Edeline J, et al. Pembrolizumab in patients with advanced
hepatocellular carcinoma previously treated with sorafenib (KEYNOTE-224):
a non-randomised, open-label phase 2 trial. Lancet Oncol. 2018;19:940e952.
https://doi.org/10.1016/S1470-2045(18)30351-6.

191. Finn RS, Ryoo BY, Merle P, et al. Pembrolizumab as second-line therapy in
patients with advanced hepatocellular carcinoma in KEYNOTE-240: a ran-
domized, double-blind, phase III trial. J Clin Oncol. 2020;38:193e202. https://
doi.org/10.1200/JCO.19.01307.

192. Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus bevacizumab in unresectable
hepatocellular carcinoma. NEJM. 2020;382:1894e1905. https://doi.org/
10.1056/NEJMoa1915745.

193. Niu LZ, Li JL, Zeng JY, et al. Combination treatment with comprehensive
cryoablation and immunotherapy in metastatic hepatocellular cancer. World J
Gastroenterol. 2013;19:3473e3480. https://doi.org/10.3748/wjg.v19.i22.3473.

194. NishikawaH,OsakiY, Iguchi E, et al. Theeffect of long-termsupplementationwith
branched-chain amino acid granules in patients with hepatitis C virus-related
hepatocellular carcinoma after radiofrequency thermal ablation. J Clin Gastro-
enterol. 2013;47:359e366. https://doi.org/10.1097/MCG.0b013e31826be9ad.

195. Sideris GA, Tsaramanidis S, Vyllioti AT, Njuguna N. The role of branched-chain
amino acid supplementation in combination with locoregional treatments for
hepatocellular carcinoma: systematic review and meta-analysis. Cancers
(Basel). 2023;15:926. https://doi.org/10.3390/cancers15030926.

196. Togo S, Tanaka K, Morioka D, et al. Usefulness of granular BCAA after hepa-
tectomy for liver cancer complicated with liver cirrhosis. Nutrition. 2005;21:
480e486. https://doi.org/10.1016/j.nut.2004.07.017.

197. Ichikawa K, Okabayashi T, Maeda H, et al. Oral supplementation of branched-
chain amino acids reduces early recurrence after hepatic resection in patients
with hepatocellular carcinoma: a prospective study. Surg Today. 2013;43:
720e726. https://doi.org/10.1007/s00595-012-0288-4.

198. Nishikawa H, Osaki Y, Inuzuka T, et al. Branched-chain amino acid treatment
before transcatheter arterial chemoembolization for hepatocellular carci-
noma. World J Gastroenterol. 2012;18:1379e1384. https://doi.org/10.3748/
wjg.v18.i12.1379.

199. Colosimo S, Bertoli S, Saffioti F. Use of branched-chain amino acids as a po-
tential treatment for improving nutrition-related outcomes in advanced
chronic liver disease. Nutrients. 2023;15:4190. https://doi.org/10.3390/
nu15194190.

200. Miao RY, Zhao HT, Yang HY, et al. Postoperative adjuvant antiviral therapy for
hepatitis B/C virus-related hepatocellular carcinoma: a meta-analysis. World J
Gastroenterol. 2010;16:2931e2942. https://doi.org/10.3748/wjg.v16.i23.2931.

201. Shen YC, Hsu C, Chen LT, Cheng CC, Hu FC, Cheng AL. Adjuvant interferon
therapy after curative therapy for hepatocellular carcinoma (HCC): a meta-
regression approach. J Hepatol. 2010;52:889e894. https://doi.org/10.1016/
j.jhep.2009.12.041.

202. Liu GM, Huang XY, Shen SL, Hu WJ, Peng BG. Adjuvant antiviral therapy for
hepatitis B virus-related hepatocellular carcinoma after curative treatment: a
systematic review and meta-analysis. Hepatol Res. 2016;46:100e110. https://
doi.org/10.1111/hepr.12584.

203. Nishiguchi S, Tamori A, Kubo S. Effect of long-term postoperative interferon
therapy on intrahepatic recurrence and survival rate after resection of hep-
atitis C virus-related hepatocellular carcinoma. Intervirology. 2005;48:71e75.
https://doi.org/10.1159/000082098.

204. Jeong SC, Aikata H, Katamura Y, et al. Effects of a 24-week course of inter-
feron-alpha therapy after curative treatment of hepatitis C virus-associated
hepatocellular carcinoma. World J Gastroenterol. 2007;13:5343e5350. https://
doi.org/10.3748/wjg.v13.i40.5343.

205. ANRS collaborative study group on hepatocellular carcinoma (ANRS CO22
HEPATHER, CO12 CirVir and CO23 CUPILT cohorts). Lack of evidence of an
effect of direct-acting antivirals on the recurrence of hepatocellular carci-
noma: data from three ANRS cohorts. J Hepatol. 2016;65:734e740. https://
doi.org/10.1016/j.jhep.2016.05.045.

206. Reig M, Mari~no Z, Perell�o C, et al. Unexpected high rate of early tumor recur-
rence in patients with HCV-related HCC undergoing interferon-free therapy. J
Hepatol. 2016;65:719e726. https://doi.org/10.1016/j.jhep.2016.04.008.

207. Muto Y, Moriwaki H, Ninomiya M, et al. Induction of apoptosis by acyclic
retinoid in the human hepatoma-derived cell line, HuH-7. BBRC. 1995;207:
382e388. https://doi.org/10.1006/bbrc.1995.1199.

208. Muto Y, Moriwaki H, Ninomiya M, et al. Prevention of second primary tumors
by an acyclic retinoid, polyprenoic acid, in patients with hepatocellular car-
cinoma. Hepatoma Prevention Study Group. NEJM. 1996;334:1561e1567.
https://doi.org/10.1056/NEJM199606133342402.

209. Torti SV, Torti FM. Iron and cancer: more ore to be mined. Nat Rev Cancer.
2013;13:342e355. https://doi.org/10.1038/nrc3495.

210. Sakaida I, Hironaka K, Uchida K, Okita K. Iron chelator deferoxamine reduces
preneoplastic lesions in liver induced by choline-deficient L-amino acid-
defined diet in rats. Dig Dis Sci. 1999;44:560e569. https://doi.org/10.1023/a:
1026661508553.

https://doi.org/10.1016/j.jvir.2008.06.017
https://doi.org/10.1016/j.jvir.2008.06.017
https://doi.org/10.1016/j.critrevonc.2011.10.008
https://doi.org/10.1002/14651858.CD004787.pub2
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref167
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref167
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref167
http://refhub.elsevier.com/S2542-5684(23)00065-X/sref167
https://doi.org/10.1016/j.soc.2023.06.005
https://doi.org/10.1016/j.soc.2023.06.005
https://doi.org/10.1097/CLD.0000000000000083
https://doi.org/10.3390/medicina55090526
https://doi.org/10.3390/medicina55090526
https://doi.org/10.1016/j.ejca.2004.02.027
https://doi.org/10.1007/s10637-011-9726-1
https://doi.org/10.1016/j.ejso.2007.11.014
https://doi.org/10.1016/j.ejso.2007.11.014
https://doi.org/10.1038/nrdp.2016.18
https://doi.org/10.1007/s00280-006-0393-4
https://doi.org/10.1007/s00280-006-0393-4
https://doi.org/10.1159/000367734
https://doi.org/10.1016/j.jhep.2013.02.026
https://doi.org/10.1016/j.jhep.2013.02.026
https://doi.org/10.1002/hep.24644
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1002/hep.27729
https://doi.org/10.1136/esmoopen-2020-000714
https://doi.org/10.1136/esmoopen-2020-000714
https://doi.org/10.1200/JCO.21.00163
https://doi.org/10.3390/curroncol30100633
https://doi.org/10.1016/j.soc.2023.06.003
https://doi.org/10.1016/j.soc.2023.06.003
https://doi.org/10.1002/hep.22626
https://doi.org/10.1002/hep.22626
https://doi.org/10.1053/j.gastro.2015.02.055
https://doi.org/10.1038/mt.2014.243
https://doi.org/10.1158/1078-0432.CCR-11-3044
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S1470-2045(18)30351-6
https://doi.org/10.1200/JCO.19.01307
https://doi.org/10.1200/JCO.19.01307
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.3748/wjg.v19.i22.3473
https://doi.org/10.1097/MCG.0b013e31826be9ad
https://doi.org/10.3390/cancers15030926
https://doi.org/10.1016/j.nut.2004.07.017
https://doi.org/10.1007/s00595-012-0288-4
https://doi.org/10.3748/wjg.v18.i12.1379
https://doi.org/10.3748/wjg.v18.i12.1379
https://doi.org/10.3390/nu15194190
https://doi.org/10.3390/nu15194190
https://doi.org/10.3748/wjg.v16.i23.2931
https://doi.org/10.1016/j.jhep.2009.12.041
https://doi.org/10.1016/j.jhep.2009.12.041
https://doi.org/10.1111/hepr.12584
https://doi.org/10.1111/hepr.12584
https://doi.org/10.1159/000082098
https://doi.org/10.3748/wjg.v13.i40.5343
https://doi.org/10.3748/wjg.v13.i40.5343
https://doi.org/10.1016/j.jhep.2016.05.045
https://doi.org/10.1016/j.jhep.2016.05.045
https://doi.org/10.1016/j.jhep.2016.04.008
https://doi.org/10.1006/bbrc.1995.1199
https://doi.org/10.1056/NEJM199606133342402
https://doi.org/10.1038/nrc3495
https://doi.org/10.1023/a:1026661508553
https://doi.org/10.1023/a:1026661508553

	Hepatocellular carcinoma recurrence: Predictors and management
	1. Introduction
	2. Predictors of HCC recurrence
	3. Early detection of HCC recurrence is a necessity
	4. Staging of recurrent HCC
	5. Management of different scenarios of HCC recurrence
	5.1. HCC recurrence after liver resection
	5.2. HCC recurrence post-LT
	5.2.1. Criteria for transplanting HCC patients
	5.2.2. Predictors of HCC recurrence post-transplantation

	5.3. HCC recurrence after ablation therapies
	5.3.1. RFA
	5.3.2. MWA
	5.3.3. TACE

	5.4. HCC recurrence after systemic therapy

	6. Prevention of HCC recurrence
	7. Conclusions: unmet needs in managing HCC recurrence
	Authors’ contributions
	Declaration of competing interest
	Acknowledgements
	References


