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Abstract
The incidence of hepatocellular carcinoma (HCC) is ris-
ing worldwide being currently the fifth most common 
cancer and third cause of cancer-related mortality. 
Early detection of HCC through surveillance programs 
have enabled the identification of small nodules with 
higher frequency, and nowadays account for 10%-15% 
of patients diagnosed in the West and almost 30% in 
Japan. Patients with small HCC can be candidates for 
potential curative treatments: liver transplantation, sur-
gical resection and percutaneous ablation, depending 
on the presence of portal hypertension and co-morbid-
ities. This review will analyze recent advancements in 
the clinical management of these individuals, focusing 
on issues related to the role of portal hypertension, the 
debate between resection and ablative therapies and 
the future impact of molecular technologies.
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INTRODUCTION
The incidence of  hepatocellular carcinoma (HCC) is ris-
ing worldwide being currently the fifth most common 
cancer and third cause of  cancer-related mortality[1]. HCC 
accounts for more than 90% of  primary liver cancers, 
and it usually arises in the setting of  long-term underlying 
liver disease. In fact, HCC is now the first cause of  death 
among cirrhotic patients[2]. According to the Barcelona 
Clinic Liver Cancer (BCLC) algorithm, HCC can be clas-
sified into 5 stages when considering variables related to 
tumor burden, liver function and health status. Addition-
ally, this algorithm links tumor stage with a specific treat-
ment strategy[3]. Despite recent advancements in HCC 
management such as the introduction of  the molecular 
targeted agent sorafenib for advanced stages[4], the main-
stream potential curative therapies in HCC are still resec-
tion, transplantation and percutaneous ablation.

HCC surveillance programs for cirrhotic patients 
have enabled the identification of  small nodules with 
higher frequency[5], and nowadays account for 10%-15% 
of  patients diagnosed in the West and almost 30% in 
Japan[6]. “Small HCC” is a term frequently used to define 
tumors less than 2 cm in diameter. This cut-off  is based 
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on the outstanding outcomes of  patients with these tu-
mors treated with surgical resection when compared to 
those with larger ones[7]. However, small HCC can be 
two different entities in pathology: vaguely and distinctly 
nodular[7]. Vaguely nodular tumors are well-differentiated 
without local invasiveness and around 12 mm in size; 
whereas distinctly nodular are frequently larger (16 mm) 
and often show local invasiveness features such as micro-
vascular invasion[8]. European Association for the Study 
of  the Liver (EASL) and American Association for the 
Society of  Liver Diseases (AASLD) guideless for HCC 
management enables an accurate diagnosis of  tumors 
larger than 1 cm in cirrhotic livers when a dynamic imag-
ing technique [computed tomographic (CT) or magnetic 
resonance (MR)] show the so-called “hallmark” features 
of  HCC: uptake in the arterial phase with early wash-out 
in the portal phase[9]. For nodules between 1-2 cm, this 
criterion is still maintained particularly in referral centers 
with a dense experience in HCC management. In case 
these imaging features are absent, diagnosis still requires 
a biopsy. According to the BCLC algorithm, patients with 
small HCC can be candidates for potential curative treat-
ments, depending on portal hypertension and co-morbid-
ities. This short review will analyze recent advancements 
in the clinical management of  these individuals, focusing 
on issues related to the role of  portal hypertension, the 
debate between resection and ablative therapies and the 
future impact of  molecular technologies. 

TREATMENT STRATEGY OF SMALL HCC 
AND IMPACT OF PORTAL HYPERTENSION 
ON POSTOPERATIVE OUTCOME
The EASL[9] and AASLD[10] guidelines recommend three 
alternatives for the treatment of  patients with small 
HCC, depending on the presence of  portal hypertension 
and co-morbidities: liver transplantation, surgical resec-
tion and percutaneous ablation. Overall, these therapies 
achieve a 5-year survival rate between 60%-75% in early 
HCC (BCLC 0/A), even though in small HCC survival 
rates can even be higher. About 80% of  HCC develop in 
patients with underlying chronic liver disease, where liver 
failure and portal hypertension may be present. Since dif-
ferent treatment options are available for patients with 
small HCC, allocation to a given option should rely on 
evidence-based criteria, considering expected outcomes 
rather than merely treatment feasibility[11].

As for surgical resection, peri-operative mortality has 
decreased to 2%-3% with current surgical techniques. On 
the other hand a pioneer study by our group in Barce-
lona[12] showed that in a series of  29 Child A cirrhotic pa-
tients and HCC less than 5 cm undergoing liver resection 
surgery, hepatic venous pressure gradient (HVPG) ≥ 10 
mmHg was independently associated with unresolved 
decompensation 3 mo following surgery. In a larger series 
published later, post-operative survival of  patients with 
Child A cirrhosis without clinically significant portal hy-

pertension (CSPH) was 70% at 5 years, while it dropped 
to 25%-50% in patients with CSPH[3]. In addition, even 
small increases in bilirubin, above the 1 mg/dL cutoff, 
were also independently associated with increased mor-
tality. The impact of  PH-related variables on the risk of  
post-operative liver failure and mortality has been con-
firmed in many Western and in Eastern series[3,12-24] (Table 
1). In these studies 3-year survival was in mean 59% 
(range: 45%-71%) in patients with clinical signs of  portal 
hypertension, while it increased to 72% (62%-81%) in pa-
tients without any clinical sign of  the syndrome. A simi-
lar difference is observed analyzing post-opertative liver 
decompensation and 5-year survival, and similar results 
were obtained in a Japanese cohort of  resected HCC[25]. 
Overall these data show that even if  the presence of  
CSPH is not an absolute contraindication for perform-
ing liver resection for HCC, it clearly increases the risk 
of  post-operative complications and death, suggesting 
that other available options such as liver transplantation 
(see below) should be considered in this subgroup of  
patients. Hence, the best candidates for surgical resection 
are patients with solitary tumors, preserved liver function 
and absence of  CSPH. Consequently, the European and 
American Associations for the study of  the Liver (EASL[9] 
and AASLD[10]) guidelines for HCC management recom-
mend surgical resection as the first-line option in patients 
with small HCC without CSPH or liver dysfunction. 

A main drawback of  liver resection is the risk to 
develop a tumor recurrence, that accounts for 70% at 5 
years[26] either because of  true metastasis or de novo HCC. 

By definition, patients with small HCC are within Mi-
lan criteria for liver transplantation[27], and besides treat-
ing the tumor liver transplantation provides a solution 
for the underlying liver disease. However, the scarcity of  
donors limits its feasibility and increases time in the wait-
ing list. Even though there are no robust data, the risk 
of  dropout from the waiting list seems lower in patients 
listed with small HCC. Hence, liver transplantation is the 
best option for patients in BCLC stage 0/A, CSPH and 
absence of  other medical conditions that contraindicate 
this procedure. 

Local ablation 
Local ablation is considered as a competitive alternative to 
resection or transplantation in patients with small HCC[28] 
not suitable for surgery. Both radiofrequency ablation 
(RFA) and percutaneous ethanol injection (PEI) are stan-
dard of  care techniques for tumor ablation, being used 
worldwide. They are both able to induce necrosis through 
different mechanisms. PEI presents a higher post-treat-
ment rate of  recurrence that can reach 40% at two years 
in larger lesions[29,30]. RFA has shown its ability to bet-
ter control the disease with a lower local recurrence rate 
(2%-18% at 2 years) when compared with PEI (11%-45%) 
in randomized control trials (RCT)[31-35]. However, differ-
ences in survival were not described. Therefore, current 
guidelines recommend the use of  PEI in cases where 
RFA is not feasible for technical reasons[9]. Five-year 
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survival with RFA reaches 70%[36,37], with the best results 
in patients with good liver function (Child-Pugh A) and 
small tumors[38]. Although resection remains the first-line 
option for patients without CSPH, well-preserved liver 
function and solitary tumors less than 2 cm, there is an 
increasing debate as to whether ablative therapies (particu-
larly RFA) could be a competitive option in these patients. 
Theoretically, in these solitary small tumors RFA could be 
as effective as surgery in terms of  oncological results, and 
avoid all the possible complications related to the surgical 
procedure. However, available evidence is still limited as 
the few RCT available evaluating face-to-face both thera-
peutic options show controversial results (Table 2). In 
addition, there are several methodological issues that pre-
clude reaching any robust conclusion from these trials (e.g., 
treatment allocation, patient selection criteria, trial imple-
mentation, short follow-up, etc.). In fact, none of  them 
was specifically design to only include patients with HCC 
less than 2 cm. Replacement of  resection by RFA as first 
line therapy in patients with early HCC cannot be recom-
mended at this point. Further evidence will be needed to 
appropriately address this issue. 

Tumor recurrence is the main drawback in patients 
treated with resection or ablation, since the risk factor for 
HCC development (i.e., cirrhosis) is still present[39]. Early 
recurrence usually occurs within the 2 years after surgery 
and it is due to true metastatic spread. However, late re-
currence appears later on, usually beyond 2 years, and it is 
consider as de novo tumor developed as a consequence of  
the carcinogenic effect of  underlying cirrhosis (field ef-

fect)[21]. Besides clinical differences[21], these two patterns 
of  recurrence also differ in their molecular profile[40]. A 
large Japanese study found that non-anatomical resec-
tion, high AFP serum levels and presence of  microscopic 
vascular invasion were risk factors for early recurrence, 
whereas grade of  hepatitis activity, multiplicity and gross 
tumor classification impacted mostly late recurrence[21].

PORTAL HYPERTENSION ASSESSMENT 
IN PATIENTS WITH CIRRHOSIS AND 
SMALL HCC
The above-mentioned data underscore the need of  an 
accurate discrimination of  the presence of  portal hyper-
tension in patients with small HCC. Portal hypertension 
(PH) is a clinical syndrome hemodynamically defined as 
an increase in the pressure gradient across the liver (be-
tween portal pressure and inferior vena cava pressure) 
above the normal value of  5 mmHg[41]. In patients with 
cirrhosis, this gradient can be estimated by its clinical 
equivalent-the HVPG-which is assessed at hepatic vein 
catheterization and avoids the need to directly puncture 
the portal vein[41]. An elevated HVPG between 6 to 9 
mmHg defines subclinical portal hypertension, whereas 
an HVPG ≥ 10 mmHg defines clinically CSPH, since all 
the potential complications of  the syndrome (e.g., vari-
ces, ascites, etc.) can appear above this threshold[41]. The 
gold standard for the diagnosis and assessment of  PH 
is the measurement of  the HVPG, which is obtained as 
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  Ref. Patients included (n) Portal hypertension-related variables studied Outcome

  Llovet et al[3]   43 HVPG CSPH independently associated with 5-yr post-operative 
mortality

  Bruix et al[12]   29 HVPG CSPH independently associated with PLF at 3-mo
  Berzigotti et al[13]   63 Spleen size; platelet count; platelet count/

spleen diameter; liver stiffness; LSPS PH risk 
score

Best single predictor of CSPH:  liver stiffness; combination with 
spleen size and platelet count improved the results (AUROC 
LSPS 0.852; PH risk score 0.884)

  Boleslawski et al[14]    43 HVPG
Platelet count; spleen size; esophageal varices 
= indirect signs of PH

CSPH independently associated with increased PLF and 90-d 
mortality. Indirect signs of PH showed no discriminative 
ability

  Capussotti et al[15] 217 Platelet count; spleen size; esophageal varices PH associated with lower 3-yr and 5-yr survival
  Cescon et al[16]   90 Liver stiffness; platelet count; spleen size; 

esophageal varices
LS (but not other signs) independently associated with the risk 
of PLF

  Chen et al[17] 190 Intraoperative measurement of PVP PVP independently associated with PLF on multivariate 
analysis

  Cucchetti et al[18] 241 Platelet count; spleen size; esophageal varices PH associated with lower 3-yr and 5-yr survival, but not after 
adjusting for MELD, albumin and extent of resection no

  Figueras et al[19]   39 HVPG CSPH associated with increased risk of morbidity
  Giuliante et al[20] 588 Platelet count; spleen size; esophageal varices PH independently associated with increased mortality
  Imamura et al[21] 532 Varices, hypersplenism or hepatofugal portal 

flow
PH associated with a higher risk of post-operative ascites

  Ishizawa et al[22] 203 Platelet count Platelet count < 100 × 103/mL independently associated with 
PLF

  Kim et al[23]   72 Liver stiffness LS predicted PLF with good accuracy; LS better than ICG15
  Llop et al[24]   79 Liver stiffness CSPH predicted with good accuracy
  Ishizawa et al[25] 434 Platelet count; spleen size; esophageal varices PH associated with lower 3-yr and 5-yr survival

Table 1  Relevant reported studies describing the impact of hepatic venous pressure gradient or portal-hypertension related variables 
in patients with potentially resectable or resected hepatocellular carcinoma

HVPG: Hepatic venous pressure gradient; PH: Portal hypertension; LS: Liver stiffness; PVP: Portal vein pressure; PLF: Post-operative liver failure; CSPH: 
Clinically significant PH (HVPG ≥ 10 mmHg); AUROC: Area under receiver operating characteristic curve; MELD: Model for end-stage liver disease.
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Ultrasound (US) is the first-line imaging technique 
used in patients with suspected cirrhosis and portal 
hypertension, since it is cheap, repeatable, and allows 
direct visualization of  the anatomical changes induced 
by PH[53,54]. US signs of  PH in cirrhosis are multiple[55,56]; 
overall, the sensitivity of  the technique is moderate, but 
its specificity is above 90%. Hence, the presence of  one 
or more US signs of  PH allows to diagnose CSPH, but 
the absence of  signs do not exclude CSPH, suggesting 
that it should be investigated by more sensitive techniques 
(e.g., HVPG measurement). Splenomegaly, defined as an 
increase in spleen diameter above 12 cm, is among the 
most commonly reported signs. It is sensitive but poorly 
specific, while porto-collateral vessels have a low sensitiv-
ity but 100% specificity for the diagnosis of  CSPH. This 
last sign can be therefore considered a reliable surrogate 
of  PH if  detected either on US or on CT/MR imaging. 

Liver stiffness (LS) measured by transient elastog-
raphy (Fibroscan®) is a well-accepted objective non-
invasive method to reliably estimate liver fibrosis[57]. It 
has been shown that LS and HVPG show a good cor-
relation in patients with compensated cirrhosis[13,58]. LS 
cut-off  for the detection of  CSPH varies across studies, 
but it is widely accepted that values above 21 kPa have a 
high specificity for CSPH. This has been recently con-
firmed by a longitudinal study using clinical endpoints 
that showed that HVPG ≥ 10 mmHg and LS > 21 kPa 
equally predict clinical decompensation in patients with 
compensated cirrhosis at baseline[59], making LS the most 
accurate method so far for predicting CSPH. Preliminary 
data suggests that spleen stiffness has a better correlation 
with HVPG than LS, but data are still limited[60].

The combination of  different non-invasive methods 
offers potential benefits by integrating complementary in-
formation. In a recent study by our group where HVPG 
was used as the gold standard for diagnosing CSPH, the 
combination of  LS, platelet count and spleen size either 
as LSPS[23] or as a newly calculated PH risk score im-
proved the accuracy of  LS alone for detecting CSPH, and 
allowed a correct diagnosis in 86% of  cases[13].

the difference between “wedged” (occluded) and “free” 
hepatic venous pressures. This method is safe, objective, 
reproducible, and accurate; and it provides prognostic 
information independent of  liver function. It is currently 
the best marker to predict clinical events in patients with 
liver diseases within research protocols[42]. 

Since development of  gastroesophageal varices is a 
direct consequence of  CSPH, the presence of  esophageal 
varices on endoscopy is a 100% specific sign of  CSPH. 
However, approximately 50% of  well compensated pa-
tients without any evident sign of  portal hypertension 
(e.g., without esophageal varices) already show CSPH on 
hemodynamic assessment[43]. In the specific setting of  
well-compensated patients without varices, CSPH inde-
pendently increases the risk of  developing esophageal 
varices, clinical decompensation and HCC during follow-
up[43-45], resulting in a higher mortality. Hence, CSPH 
should be always assessed in patients with cirrhosis for 
prognostic stratification[41].

HVPG measurement has some limitations such as 
cost, invasiveness (even if  minor) and the need for a spe-
cific training for its performance and interpretation. Since 
it is not available in all centers, noninvasive surrogate 
methods to diagnose portal hypertension are needed, and 
have been widely evaluated. Non-invasive markers in-
clude laboratory tests, ultrasonography and liver stiffness. 
Regarding routine laboratory tests, the objective compo-
nents of  Child-Pugh score (albumin, bilirubin, INR) cor-
relate with HVPG[46-48] and with the prevalence and grade 
of  esophageal varices in cirrhotic patients. Interestingly 
this correlation is also observed in patients with compen-
sated cirrhosis[49] suggesting that there is a close correla-
tion between liver structural damage and the onset of  
portal hypertension and hepatocellular dysfunction. Low 
platelet count, either alone or in combination with spleen 
size[50-52] is associated with CSPH and esophageal varices, 
and is the single most commonly reported non-invasive 
sign of  portal hypertension. Nonetheless, there is not any 
established cut-off  for platelet count able to accurately 
diagnose or exclude CSPH in patients with cirrhosis[13].

  Ref. Treatment 
allocation Sample size (n ) Serum bilirubin Tumor median size Nodules Median 

follow-up
Recurrence 

rate 1/3/5 yr survival

  Chen et al[17] Multidisciplinary 
team of doctors

  90 (resection) > 2 mg/dL (33%) < 3 cm (52%) Single (100%) NR NR   94%/68%/NR
  71 (ablation) > 2 mg/dL (26%) < 3 cm (46%) Single (100%) NR NR   93%/73%/NR

  Huang et al[66] Consecutive 
enrolment

  38 (ablation) NR ≤ 2 cm (55%)/2-3 cm 
(45%)

Single (79%) 37.7 ± 14.5 47% 100%/95%/92%

  38 (resection) NR ≤ 2 cm (63%)/2-3 cm 
(37%)

Single (89%) 38.4 ± 16.4 39%   97%/89%/87%

  Huang et al[67] Consecutive 
enrolment

115 (ablation) 15.3 ± 4.6 μmol/L ≤ 3 cm (49%) Single (73%) NR 63%   86.9%/69.6%/54.78% 
115 (resection) 16.4 ± 5.3 μmol/L ≤ 3 cm (39%) Single (84%) NR 41%   98.26%/92.17%/75.6% 

  Feng et al[68] Consecutive 
enrolment

  84 (ablation)          17.2 μmol/L ≤ 2 cm (37%)/> 2 cm 
and < 4 cm (63%)

Single (57%) NR 42%   96%/87.6%/NR

  84 (resection)          15.1 μmol/L ≤ 2 cm (30%)/> 2 cm 
and < 4 cm (46%)

Single (62%) NR 32%   93.1%/83.1%/NR

Table 2  Randomized controlled trials comparing surgical resection and percutaneous ablation in patients with early hepatocellular 
carcinoma

NR: Not reported.

Hernandez-Gea V et al . Management of small hepatocellular carcinoma



1197 February 28, 2013|Volume 19|Issue 8|WJG|www.wjgnet.com

The EASL[9] and AASLD[10] practice guidelines for 
HCC management recommend evaluation of  portal hy-
pertension prior treatment decision in HCC patients with 
a single tumour. For this purpose, HVPG measurement 
is the best available option and should be considered the 
standard-of-care. However, it cannot be routinely per-
formed in all hospitals. Platelet count below 100 × 103/
mL is often used to identify CSPH, especially when as-
sociated with splenomegaly[13]. In this regard, it should be 
underscored that both platelet count and spleen size are 
inaccurate for diagnosing CSPH in this specific setting[13]. 
Specifically, while in patients with both signs CSPH is 
highly probable, the absence of  thrombocytopenia and/
or splenomegaly cannot exclude CSPH. This has been re-
cently confirmed in a prospective study in patients under-
going surgery for HCC including HVPG measurement[14] 
and reinforces the notion that more objective and accurate 
methods are still needed to accurately diagnose or exclude 
CSPH in patients with potentially resectable HCC. 

Given that liver stiffness by transient elastography is 
currently considered the single most reliable non-invasive 
surrogate marker of  PH, researchers from Eastern and 
Western countries evaluated its accuracy to predict CSPH 
and PH-related complication after surgery for HCC. A 
study including 72 patients found that LS had a good ac-
curacy (area under receiver operating characteristic curve 
0.824) in discriminating which patients would decom-
pensate after surgery, being superior than the test usually 
used in Eastern countries (indocyanine green clearance at 
15 min)[61]. Our group tested LS accuracy in the diagno-
sis of  CSPH versus the gold-standard measurement of  
HVPG in a series of  90 patients with Child A cirrhosis 
and potentially resectable HCC[24]. In the 79 patients in 
whom LS was feasible (88% of  applicability), the correla-
tion with HVPG was lower than previously published in 
patients without HCC, suggesting that factors related to 
tumor location might interfere with LS measurements[24]. 
Nonetheless, results demonstrated that a cut-off  of  13.6 
kPa was 90% sensitive to detect CSPH, while the 21.1 
kPa cutoff  was highly specific. In other words, CSPH 
could be reasonably excluded in patients with LS < 13.6 
kPa, and reliably diagnosed in those with LS ≥ 21.1 kPa. 
This simple rule could eventually decrease the need for 
HVPG measurement by half, being confined to those pa-
tients with intermediate LS levels (between 13.6-21.1 kPa) 
and those with unreliable measurements (e.g., obesity, etc.). 
Furthermore, combination of  LS with platelet count and 
spleen diameter has the potential of  reducing the number 
of  patients in this “grey zone”, allowing to correctly diag-
nose CSPH in 85% of  patients, although these findings 
need validation in independent series. 

MOLECULAR PROGNOSTIC BIOMARKERS 
IN SMALL HCC
There is a pressing need to incorporate prognostic and 
predictive biomarkers in HCC management. Genome-
wide expression studies have been applied in the HCC 

field trying to provide physicians with better tools to 
characterize early lesions and even to optimize patient 
selection for personalize therapies. 

Different studies indicate that HCC can be broadly 
classified according to its molecular features in two major 
subclasses[62]. One is characterized by molecular signals of  
proliferation and cell cycle, usually enriched in TP53 inac-
tivation; whereas the second subclass is characterized by 
CTNNB1 mutations and enrichment in WNT target genes 
GLUL, LGR5, and LECT2. The subclass related to prolifer-
ation can be been further divided according to the activation 
of  other cascades such as transforming growth factor-beta 
signaling, insulin-like growth factor[63], Notch[64], etc. 

Besides molecular classification, a number of  studies 
have reported gene signatures able to predict prognosis 
in HCC (thoroughly reviewed elsewhere[62]), not only gen-
erated from the tumor but also from the adjacent non-
tumoral cirrhotic tissue. Recently an integrated prognostic 
model that combines genomic information from both 
the tumor and the adjacent tissue together with clinical-
pathologic data was able to accurately predict outcome 
in patients with a single nodule early HCC[65]. Despite 
all these data from molecular profiling studies, gene sig-
natures have not been yet incorporated clinical practice 
guidelines[62].
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