Pathobiologic Characteristics
of Small Hepatocellular Carcinoma
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2.1 Small HCC Is Not Equivalent

to Early HCC

Early diagnosis and treatment of cancer have
long been established as basic principles of mod-
ern surgical oncology. There is no doubt that a
better understanding of the pathobiological fea-
tures of small hepatocellular carcinoma (SHCC)
will provide clinicians with the pathobiological
basis to better treat these tumors and to improve
long-term survivals of patients. For relatively
small HCC, several designations such as “early
HCC” and “subclinical HCC” [1] have been pro-
posed. The definitions of these tumors are based
mainly upon tumor size, and each definition uses
a different size. The concept of SHCC can be
traced back to the late 1970s [2, 3], when SHCC
was considered as the most significant prognostic
factor of long-term survival.

However, no consensus has been reached
among researchers or clinicians who designed
clinical practice guidelines which have been
accepted worldwide on the size criterion for
SHCC. As a consequence, a confusing plethora
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of size standards to define SHCC, including 5 cm
[2-4], 4.5 cm [5], 4 cm [6], 3.5 cm [7], 3 cm
[8-11], 2.5 cm [12], and 2 cm [13-16] has been
used.

According to the database of the Department of
Pathology at the Eastern Hepatobiliary Surgery
Hospital (EHBH), Shanghai, China, the largest spe-
cial hepatic surgical hospital in China, 2459 and
3092 liver resections for HCCs were carried out in
the years 2007 and 2011, respectively. The resected
specimens showed HCCs with a diameter of <2 cm
and <3 cm to account for 9.3 % and 19 %, and
10.3 % and 31.4 %, respectively. These figures were
obviously higher than the 2.6 % and 8.7 % reported
before 1997 [17]. With the exception of micro or
minute HCCs (<1 cm), which corresponded to car-
cinoma in situ or very early HCC, our previous
studies on pathobiological features of solitary HCCs
showed that by dividing HCC into subgroups of
1-cm-diameter increments, there were no signifi-
cant differences in the clinicopathological features
among the subgroups of HCCs, which ranged from
1 to 3 cm (SHCC) or among the subgroups of large
HCCs (LHCCs), which ranged over 3 cm. However,
if 3 cm was used as a cutoff for SHCC, significant
differences were observed between the groups of
SHCC and LHCC (P<0.05-0.01) [18]. These dif-
ferences included histological grades I-II versus
HI-1V, the presence or absence of capsular invasion/
portal venous tumor thrombi/satellite nodules, inva-
sive growth patterns, and overall survival and recur-
rence-free survival. Multivariate Cox regression
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analyses showed that tumor size <3 cm was an
independent prognostic factor of overall and recur-
rence-free survivals [18, 19]. Similar results were
also reported by Pawlik et al. [20].

An early HCC, in general, is a tumor at an
early developmental stage characterized by well-
differentiation on histology, with noninvasive
growth pattern and a more favorable long-term
prognosis after curative treatment. The Liver
Cancer Study Group of Japan defined early HCC
as a well-differentiated HCC with an obscure
tumor margin [21]. Early HCC is often detected
in cirrhotic livers, and it shows as a hypovascular
nodule in the arterial phase of an intravenous
contrast enhanced computed tomographic (CT)
scan [22].

Although tumor size has been proposed as a
criterion to define early HCC, there is still no con-
sensus on the size that should be used. Mazzaferro
et al. [23] defined early-stage HCC for transplan-
tation to be a single tumor <5 cm or two to three
tumors all <3 cm, with no evidence of extrahe-
patic tumor (the Milan criteria). Nathan et al. [24]
defined early HCC as tumors <5 cm and without
metastatic disease, nodal metastasis, extrahepatic
extension, or major vascular invasion. In the early
study of the Barcelona Clinic Liver Cancer
(BCLC) group, early HCC was defined as a single
tumor <5 cm [25, 26]. However, in the recent
BCLC classification, very early HCC is defined as
well-differentiated tumors <2 cm in diameter
without any vascular invasion or satellites, and
early HCC is defined as HCC <2 cm with
microscopic vascular invasion/satellites, or 2—-5-
cm well-differentiated/moderately differentiated
HCC without any vascular invasion/satellites, or
two or three well-differentiated nodules <3 cm
[27, 28]. However, the BCLC group reported that
nearly 60 % of their SHCCs, which were less than
2 cm, had moderate to poor differentiation [15],
whereas Sakamoto and Hirohashi [29] defined
early HCC as a well-differentiated HCC
(Edmondson’s grade I or grade I with a minor
component of grade II), negative for tumor stain-
ing on angiographic examination, and regardless
of tumor size.

While small HCC is usually defined on tumor
size, early HCC is still commonly defined on his-
topathological grounds. It should be emphasized

that a small HCC is not always necessarily equiv-
alent to an early HCC as defined histologically,
although most early HCCs are less than 2 cm in
its greatest diameter [30]. In the Italian Liver
Cancer group (ITA.LL-CA)’s classification, an
early HCC is defined as a solitary HCC smaller
than 5 cm because SHCC below 2 cm is rare [16].
In the current revised version of the BCLC sys-
tem, as released by the American Association for
the Study of Liver Diseases, patients diagnosed at
an early stage are defined as having single or
three nodules below 3 cm each [31, 32]. On the
other hand, other scholars defined pathologically
early HCC to correspond to carcinoma in situ
[33] and clinically early HCC is characterized by
a locally curable tumor, which has a favorable
long-term survival outcome [34].

Early HCC with its benign behavior is at an
early phase in the progression of HCC, while
small HCC may already have developed
malignant behavior. Although a small HCC is not
equivalent to an early “benign” tumor because
some aggressive HCC can metastasize when it is
still small in size, most researchers agree that
with increase in size of a small HCC, there is a
gradual change in pathobiological behavior of
the tumor. Tumor size has been shown to be the
best predictor of tumor behavior [35].

Conceptually, the criteria used to define SHCC
are tumor size-based while early HCC are bio-
logical behavior-based. A small-size HCC does
not absolutely mean a tumor having early
biological behavior. Although pathologically,
SHCC<3 cm tends to show relatively benign
behavior, a small proportion of SHCC presents
with aneuploid DNA content [8, 36, 37] and har-
bors microvascular invasion [38, 39]. These more
malignant features happen even in a minute HCC
0.6 cm in diameter, [18]. As a consequence,
SHCC can further be divided into two clinico-
pathological subtypes: early SHCC and progres-
sive SHCC. In patients with a single tumor, tumor
size has no impact on survival in patients with no
vascular invasion or microvascular invasion, irre-
spective of how the tumor size was dichotomized
[14]. In HCC <2 cm, patients who have suspi-
cious features of gross invasive type of tumors on
preoperative imaging are at a high risk of having
pathological microinvasion. In such patients,
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hepatic resection with a wide tumor margin is
recommended. Even a SHCC <3 cm should be
surgically resected with reasonable margins. As
approximately 80 % of vascular invasion or
micrometastatic foci are located within 1 cm of
the primary SHCC, it is important to resect or to
ablate the tumor with an adequate width of sur-
rounding tissues (of > 1 cm) to prevent recurrence
coming from residual tumor cells. Therefore, no
matter what therapeutic options are chosen for
SHCC, curative treatment with adequate safety
margins should always be given.

2.2  Pathobiological

Characteristics of SHCC

Like many other human solid tumors which
undergo initiation, promotion, and progression,
HCC possesses a similar multi-stage evolution
model in its hepatocarcinogenesis [40-42]. In
general, the smaller the tumor, the greater is the
chance of radical cure and the longer is the post-
operative long-term survival. On the other hand,
the more advanced the lesion, the lower is the
likelihood that therapy is curative. Also, the
smaller the lesion, the closer it lies to the dyspla-
sia/neoplasia boundary, the more difficult it is to
be certain on histological analysis whether the
lesion is malignant (Edmondson and Steiner’s
grade I). We herein briefly review the history in
the study of SHCC, analyze the advantages and
limitations of using different criteria to define
SHCC, and discuss the pathobiological charac-
teristics of SHCC and their clinical significance.

2.2.1 The Features of a SHCC<5cm

In the mid to late 1970s, Chinese surgeons Dr.
Tang ZY et al. [2] and Dr. Wu MC et al. [3] first
put forward the concept of SHCC. This has a
milestone-like significance to give basic scien-
tists and clinical researchers to direct their
research from large HCC (LHCC) at the middle-
advanced stage to SHCC at the early develop-
mental stage. At that time, a HCC<5 cm in
diameter was defined as SHCC based on the clin-
ical information that about 70 % of HCC patients

who were subclinical (without any symptoms)
harbored a tumor <5 cm in diameter. In contrast,
about 70 % of subjects harboring a tumor>5 cm
showed obvious clinical symptoms. Patients with
a tumor measuring <5 cm in diameter survived
longer than those with tumors>5 cm in diameter
[2, 3]. Since then, this concept that patients who
have an early-stage HCC are those who present
with an asymptomatic single HCC<5 cm has
been widely accepted even up to now [14, 20, 24,
25, 43-46]. Also, the AJCC/UICC seventh edi-
tion of TNM classification uses a cutoff tumor
size of 5 cm in the T3a HCC staging [47].

With advances in radiographic diagnostic
techniques, much smaller liver tumors can now
be detected. As more studies show improvement
in long-term prognosis with treatment of solitary
HCCs smaller than 5 cm, using 5 cm as the SHCC
criterion in modern hepatic surgery seems too
large when compared with the concept of small
tumors of other organs [48-51].

2.2.2 The Features of a SHCC<3 cm

In 1981, the Liver Cancer Pathological Study
Group of China proposed a macroscopic classifi-
cation of HCC, and HCC <3 cm in diameter was
classified as an independent type [52]. In 1986,
Ebara et al. [53] reported on 22 Japanese patients
with minute HCC of less than 3 cm in diameter
who received no special treatment. The serum
alpha-fetoprotein levels in these patients were
low, and they were rarely useful for diagnosis.
However, this tumor marker level tended to
increase when the mass had attained a diameter
greater than 3 cm. In the following year, the
Japanese pathologists proposed a gross classifi-
cation of five subtypes for SHCC <3 cm in diam-
eter [54].

We started to compare the relationship
between HCC size and DNA ploidy in 1988 to
better understand the pathobiological features of
SHCC in its early stage [36]. The results showed
the majority of HCCs<3 cm in diameter
maintained DNA diploidy. These tumors were
characterized by relatively “benign” behaviors,
which included a clear tumor margin with or
without a complete fibrous capsule, well cell
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differentiation, almost no satellites and microvas-
cular invasion, and they were easy to be radically
resected resulting in long-term postoperative sur-
vival [8, 19, 55]. In comparison, HCCs>3 cm in
diameter mainly showed DNA aneuploidy with
obvious malignant behaviors, which included
poor cell differentiation, capsular invasion, a
high-frequency of satellite nodules and tumor
thrombus formation, and a high-risk of residual
tumor after radical treatment with relatively poor
survival outcomes [8, 19, 55]. As a consequence,
we proposed that HCC approaching 3 cm in
diameter is reaching an important turning point
for critical transformation, with a change from
relatively “benign” behaviors to a more aggres-
sive progression. The 3-cm cutoff seems to be the
most suitable point to define SHCC [8, 36].

In 1994, Ng et al. [37] reported that DNA
ploidy may supplement other predictors in prog-
nostication when HCCs are stratified into small
and large tumors at a cutoff point of 5 cm in
diameter. Interestingly, a recent study on 12
methylation genes showed that all CpG positions
in APC, GSTP1, and CFTR were more highly
methylated in small HCCs less than 3 cm than in
non-tumorous liver tissues (p<0.05), and
RASSFI1A, CCND2, and APC were frequently
positive (91-100 % of cases examined) in well-
differentiated HCCs, small HCCs less than 3 cm,
and Stages I and II HCCs [56]. Notably, the
three-marker combination of RASSFIA,
CCND2, and SPINT2 demonstrated the highest
sensitivity and accuracy (89-95 % and 89-97 %),
respectively, for all HCCs and early HCCs, and
they correctly diagnosed all HCC cases in the
early HCC group [56]. Likewise, Llovet et al.
[27] found the expressions of GPC3, survivin,
and LYVEI to be significantly increased in dys-
plastic nodules, early HCC (mean size, 2+ 0.6 cm,
range, 0.9-3 cm) and advanced HCC, and the
diagnostic accuracy of this three-gene set was
94 %. These studies suggest that there is a rele-
vant molecular basis for SHCC in its early pro-
gression stage.

Histopathologically, when HCCs grow to over
2-3 cm in diameter, the well-differentiated can-
cerous tissues are completely replaced by moder-
ately differentiated cancer tissues, and it is

uncommon to see well-differentiated cancer tis-
sues in tumors larger than 3 cm in diameter [57].
Tumor size larger than 3 cm is also a main risk
factor of local recurrence [58], and a wider resec-
tion margin is recommended for HCCs more than
3 cm than those less than 3 cm to eradicate all
micrometastases aiming to achieve good long-
term survivals [59].

Many multi-center studies have reported that
the postoperative survival of patients with
SHCCs <3 cm in diameter was significantly bet-
ter than that of patients with LHCCs>3 cm in
diameter [60-66]. Therefore, a HCC<3 cm in
diameter was named as an SHCC in the first edi-
tion of the Barcelona Clinic Liver Cancer (BCLC)
staging system in 1999 [4] and in the HCC stag-
ing system proposed by the Chinese Society of
Liver Cancer in 2001 [67], and it was kept in the
2011 edition (http://www.moh.gov.cn). Also, a
consensus-based treatment algorithm for HCC
proposed by the Japan Society of Hepatology
(JSH), which was revised in 2010 [68], set the
cutoff point at <3 cm.

A 3 cm tumor can be completely ablated with
a 10-min application of percutaneous radiofre-
quency ablation [69], and percutaneous ethanol
injection prolongs patient survival with survival
rates similar to surgical resection, especially for
tumors<3 cm [70, 71]. Therefore, it is important
to diagnose and treat HCC <3 cm.

2.2.3 The Features of a SHCC<2cm

In both the fourth edition (1987) [72] and the fifth
edition (1997) [73] of the Tumor-Node-
Metastasis (TNM) classification for HCC, <
2 cm was used as the size criterion for T1 HCC as
proposed by AJCC/UICC. This approximates to
the size of a lesion that could be detected on
screening, and this poses some difficulties in
diagnosis. However, many scholars reported that
these two versions of the TNM classifications
were not of prognostic value [45, 74-76]. In the
current seventh edition of the TNM system [47],
T1 HCC was re-defined as a tumor of any size but
without microvascular invasion. Meanwhile, the
Liver Cancer Study Group of Japan (LCSGJ)
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proposed its own TNM staging using a non-strict
2-cm standard [77]. However, this revision was
primarily based on data collected from LCSGIJ’s
data, which were collected from more than 800
institutes through a Japanese nationwide survey
during a 6-10-year-period [13].

The concept of a very early stage of HCC or
carcinoma in situ for a HCC<2 cm in size for
which a definitive diagnosis is often difficult to
establish first appeared in the second edition of
the BCLC staging system in 2003 [28]. The
BCLC staging system has since become widely
accepted in clinical practice, and it is also com-
monly used in clinical trials on new drugs for
HCC. Unfortunately, almost all studies on
SHCC <2 cm which have been reported in medi-
cal literature are based on small samples [13, 15,
16, 30, 38, 45, 64, 78-87] or without clearly men-
tioning the actual sample size [31, 68, 88].
Farinati et al. [16], from the Italian Liver Cancer
group (ITA.LI.CA) indicated that their patients
with the “very early HCC” of smaller than 2 cm
were too few (3 %) to perform an internal valida-
tion analysis or to make a definition of this dis-
ease stage clinically useful. Therefore, they
preferred to use 5 cm as the cutoff point. Although
review articles on these classifications have been
published, none of these classifications have
received universal acceptance.

2.2.4 Pathological Patterns of SHCC

Nakashima et al. [89] divided small HCC of
less than 3 cm in diameter into the vaguely
nodular type with indistinct margins, the single
nodular type, the single nodular type with
extranodular growth, and the confluent multinod-
ular type. None of the vaguely nodular type had
intrahepatic metastasis or portal vein invasion.
The reason why an early HCC shows a vague
(indistinct) nodular pattern remains unclear. We
speculate that in the early developing stage of
SHCC, patients may lack an effective immune
response or defense ability, or patients with
SHCC have an early/precirrhotic-stage cirrhosis
in the noncancerous tissue, which may lead to the
absence of a fibrous capsule in early HCC [19].

Histologically, early SHCC usually shows
well differentiation with a thin trabecular pat-
tern and lacks prominent cellular and structural
atypia. None of the vaguely nodular type
showed intrahepatic metastasis or portal vein
invasion. Based on histological grading, Sasaki
et al. [90] classified SHCC <3 cm into early
HCC, well-differentiated HCC, and moder-
ately or poorly differentiated HCC. The 5-year
survival rates of patients in the above three
groups were 100 %, 60%, and 27 %,
respectively.

SHCC of the vaguely nodular type, which is
one of the subtypes derived from the gross clas-
sification of HCC of less than 3 cm in diameter,
is considered as a macroscopic characteristic of
early-stage HCCs by the LCSGJ [54, 80] and
the International Consensus Group for
Hepatocellular Neoplasia (ICGHN) [38].
However, many SHCCs of the vaguely nodular
type as diagnosed by Japanese pathologists tend
to be recognized as high-grade dysplastic nod-
ules (HGDN) by Western pathologists [88, 91].
Although pathologic diagnostic criteria for
SHCC have been fully described, which include
that the lesions should present with intratumoral
portal tracts and stromal invasion [38, 88, 92,
93], it is difficult to identify morphological cor-
relates of malignant behavior at the boundary
between premalignant and malignant states,
because dysplasia and early neoplasia share
many common histological features. Many
well-differentiated SHCC and HGDN show
similar pathological features, such as vaguely
nodular appearances, increased cell density, thin
trabecular pattern, and unpaired arteries [94].
Individual discrepancy probably exists among
even expert hepatopathologists in the histologi-
cal diagnosis between HGDN and well-differ-
entiated SHCC with a vaguely nodular
appearance. For example, “stromal invasion” is
considered the most objective and reliable crite-
rion to distinguish a well-differentiated HCC
from a HGDN [95]. However, from our experi-
ence based on more than 30,000 archived surgi-
cal HCC specimens in the database of the
Department of Pathology, EHBH, while intra-
nodular portal tracts seem more likely to appear
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in dysplastic nodules, stromal invasion into por-
tal tracts or fibrous septa may sometimes but not
commonly seen in early SHCC. Any nodule in a
cirrhotic liver with a diameter of >3 cm should
be regarded as very suspicious of HCC, because
benign nodules of this size is rare [96]. Anyway,
diagnosis by hepatopathologists on minute nod-
ules remains a challenge, and this has prompted
hepatopathologists to develop new diagnostic
tools using immunostaining, gene expression
assessment, or molecular classification. In con-
clusion, early diagnosis and definitive treatment
are the keys to achieve good long-term survival
outcome.

2.3  Classification of T Staging
of HCC According to Size

of HCC, How Small Is Small?

The Tumor-Node-Metastasis (TNM) staging
system is one of the most widely accepted sys-
tem for prediction of prognosis [97, 98]. The
American Joint Committee on Cancer (AJCC)/
International Union Against Cancer (UICC)
staging system stratifies the prognosis of hepa-
tocellular carcinoma (HCC) patients by using a
TNM classification which considers tumor size
and number, vascular invasion, lymph node
involvement, and extra-hepatic metastasis. The
AJCC/UICC has published the seventh edition
of the TNM staging system in 2009 [47]. In the
TNM staging system, tumor number, vascular
invasion, lymph node involvement, and extra-
hepatic metastasis are relatively easy to define.
However, tumor size in the T staging of HCC
changed from 2 cm (AJCC/UICC fifth edition)
to 5 cm (AJCC/UICC sixth edition and AJCC/
UICC seventh edition). The reason for the
change was “All solitary tumors without vascu-
lar invasion, regardless of size, are classified as
T1 because of similar prognosis.” However,
our experience suggests that this change is too
radical because it did not consider an HCC of
3 cm. We will review the importance of an
HCC of 3 cm on prognosis, biological behav-
ior, and its impact on any therapeutic
guideline.

2.3.1 Size of HCC on Prognosis

It has been increasingly reported that size of
HCC is a prognostic factor. The AJCC first edi-
tion cancer staging manual was reported in
1977, the seventh edition was updated in 2009
(Table 2.1). In the first edition, the TNM stage
of HCC was not described. In the second edition
of the AJCC Cancer Staging system, an early
HCC was defined as a tumor size of <3 cm.
Among the third—fifth editions of the AJCC
Cancer Staging system, this tumor size was
defined as <2 cm.

From the sixth edition of the AJCC Cancer
Staging system, the tumor size was defined
as <5 cm. It was described in the sixth edition
that “All solitary tumors without vascular inva-
sion, regardless of size, are classified as T1
because of similar prognosis” [99]. However,
our two large cohort studies revealed that the
cumulative survival rates were significantly dif-
ferent among groups of patients with
HCC<2 cm, 3 cm, and 5 cm [8, 18]. In addi-
tion, our published data also supported that
patients with HCC above or below 3 cm had sig-
nificantly different survival rates [18]. The
updated BCLC also considered HCC of 3 cm to
be the main factor in choice of any potentially
curative option such as curative liver resection,
ablation, or transplantation [100].

2.3.2 Size of HCCVersus
Pathological Features

Nakashima et al. [89], Sasaki et al. [90], and our
data proposed that the prognosis is related to
tumor size, pathologic stage, growth pattern,
gross feature, histological feature, clinical stage,
and biological stage [101].

2.3.3 Size of HCC Versus Biological
Behavior

Our study proposed that an HCC approaching
3 cm in diameter is reaching an important turn-
ing point for critical transformation, which
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Table 2.1 TIllustration of TNM stages of HCC

Publication

Edition year

1 1977
2 1983
3 1988
4 1992
5 1997
6 2002
7 2009

Effective

year T-stage

1978 None

1984 T1 Small solitary tumor (<3 cm) confined to one lobe
T2 Large tumor (>3 cm) confined to one lobe, T2a: single tumor nodule, T2b:
multiple tumor nodule (any size)
T3 Tumor involving both major lobes, T3a: single tumor nodule (with direct
extension), T3b: multiple tumor nodules
T4 Tumor invading adjacent organs

1989 T1 Solitary tumor 2 cm or less in greatest dimension without vascular invasion
T2 Solitary tumor 2 cm or less in greatest dimension with vascular invasion, or
multiple tumors limited to one lobe, none more than 2 cm in greatest dimension
without vascular invasion, or solitary tumor more than 2 cm in greatest
dimension without vascular invasion
T3 Solitary tumor more than 2 cm in greatest dimension with vascular, or
multiple tumors limited to one lobe, none more than 2 cm in greatest dimension,
with vascular invasion, or multiple tumors limited to one lobe, any more than
2 cm in greatest dimension, with or without vascular invasion
T4 Multiple tumors in more than one lobe, or tumors involving a major branch
of portal or hepatic veins

1993 T1 Solitary tumor 2 cm or less in greatest dimension without vascular invasion
T2 Solitary tumor 2 cm or less in greatest dimension with vascular invasion, or
multiple tumors limited to one lobe, none more than 2 cm in greatest dimension
without vascular invasion, or solitary tumor more than 2 cm in greatest
dimension without vascular invasion
T3 Solitary tumor more than 2 cm in greatest dimension with vascular, or
multiple tumors limited to one lobe, none more than 2 cm in greatest dimension,
with vascular invasion, or multiple tumors limited to one lobe, any more than
2 cm in greatest dimension, with or without vascular invasion
T4 Multiple tumors in more than one lobe, or tumors involving a major branch
of portal or hepatic veins

1998 T1 Solitary tumor 2 cm or less in greatest dimension without vascular invasion
T2 Solitary tumor 2 cm or less in greatest dimension with vascular invasion, or
multiple tumors limited to one lobe, none more than 2 cm in greatest dimension
without vascular invasion, or solitary tumor more than 2 cm in greatest
dimension without vascular invasion
T3 Solitary tumor more than 2 cm in greatest dimension with vascular, or
multiple tumors limited to one lobe, none more than 2 cm in greatest dimension,
with vascular invasion, or multiple tumors limited to one lobe, any more than
2 c¢m in greatest dimension, with or without vascular invasion
T4 Multiple tumors in more than one lobe or tumors involves a major branch of
portal or hepatic veins or invasion of adjacent organs other than the gallbladder,
or perforation of visceral peritoneum

2003 T1 Solitary tumor without vascular invasion
T2 Solitary tumor with vascular invasion, or multiple tumors, none >5 cm
T3 Multiple tumors, any >5 cm (T3a), or tumors involving major branch of
portal or hepatic veins
T4 Tumors with direct invasion of adjacent organs other than the gallbladder, or
with perforation of visceral peritoneum

2010 T1 Single tumor without vascular invasionc
T2 Single tumor with vascular invasion, or multiple tumors, none >5 cm
T3 Multiple tumors, any >5 cm (T3a), or tumors involving major branch of
portal or hepatic veins (T3b)
T4 Tumors with direct invasion of adjacent organs other than the gallbladder, or
perforation of visceral peritoneum
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changes from a relatively “benign” behavior to a
more aggressive progression.[8, 18, 19, 36, 55].
This 3-cm cutoff seems to be the best point to
define SHCC [8]. Other scholars have also
found the relationship between tumor size and
DNA ploidy [37] .

The tumor size definition in the T stage of the
seventh edition of the AJCC might need to be re-
evaluated by a large scale, multi-center prognos-
tic analysis on biological stage, clinical stage,
and other pathological observations. The size of
HCC of 3 cm might have to be re-considered as
an important factor.

2.4 Can SHCCBe Cured by RFA
Basing on Its Pathological

Characteristics?

Buscarini et al. in 1992 and Rossi et al. in 1993
first reported that radiofrequency ablation (RFA)
is an easy-to-operate and minimally invasive
technique that provides an effective local treat-
ment. Subsequently, Shiina et al. [102] reported
in cases with a small number (<3 nodules) of
small size (<3 cm in diameter) hepatocellular
carcinomas (HCC), RFA was superior to the con-
ventional HCC treatments of percutaneous etha-
nol injection therapy and surgical resection in
terms of recurrence, complications, and survival
rates. However, some tumors remain difficult to
treat with RFA because these tumors cannot be
visualized or are adjacent to intestinal loops or
main bile ducts, which might be damaged by the
treatment.

RFA can be performed percutaneously, lap-
aroscopically, or during laparotomy and can
replace surgical resection in selected patients
with SHCC. However, long-term results are
difficult to ascertain, because the majority of
reports evaluated success in terms of tumor
necrosis and few data are available on overall
and disease-free survivals of patients. In this
book chapter, we primarily focus on the effec-
tiveness of RFA on SHCC based on its patho-
logical characteristics. We also discuss
protocols and new developments in ablation
techniques.

2.4.1 Development of RFA in SHCC

Therapy

RFA is a physical thermal ablation technique
which induces thermal injury to tissues through
electromagnetic energy deposition. The temper-
ature can reach to 90—120 °C by agitation result-
ing in frictional heat around the electrode. This
leads to immediate tissue death and thermal
coagulation necrosis [103]. There are three
stages of development of RFA in clinical treat-
ment of SHCC. In the first stage (during the early
1990s), only a single and solid-center needle
electrode was used, and a very small diameter of
ablative region of about 1.6 cm was achieved. It
was not widely adopted in clinical practice
because of the limited ablative region and lack of
experience in its application. It the second stage
(the mid-1990s), a multiple electrode, the
LeVeen electrode, and an internally cooled nee-
dle electrode were developed, which led to an
increase in diameter of the ablative region to
3.5-5.0 cm. These developments made very sig-
nificant improvement in the therapeutic effec-
tiveness, and RFA gradually becomes widely
used in the treatment of SHCC and other tumors.
As a result, RFA gradually replaced other forms
of ablative therapies and became the focus of
attention. In the last stage, a new generation of
electrode was invented, which integrated two-
different mechanisms: a combined cluster needle
electrode and a saline enhanced electrode. New
electrodes used clinically for SHCC now include
the expandable LeVeen (Boston Scientific Corp.,
Natick, MA, USA) and the monopolar Cool-tip
(Covidien, Boulder, CO, USA). The LeVeen
needle contains an array with diameters of 20,
30, 35, or 40 mm, and the Cool-tip needle
includes a 10-mm and a 20-mm non-insulated
tip, respectively. The selection of needle elec-
trodes depends on tumor size. The selection of
needle electrodes should also take into consider-
ation the condition of the surrounding hepatic
tissues to ensure a sufficient ablative margin.
Masayoshi et al. [104] proposed a solution in the
selection of an electrode, which can produce a
wider area of ablation than what is normally
required.
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Over the past two decades, radiofrequency
ablation (RFA) has evolved into an important
therapeutic tool for treatment of SHCC. In 1996,
Rossi et al. [105] first reported the long-term sur-
vival rates of RFA for SHCC. Thirty-nine patients
with SHCC<3.0 cm in diameter were enrolled
for RFA therapy. The overall 1-, 3-, and 5-year
survival rates were 97 %, 68%, and 40 %, respec-
tively. RFA has gradually been accepted in the
treatment of SHCC, although for some clinicians,
the preferred treatment for SHCC is still surgical
resection and liver transplantation. RFA has sig-
nificant advantages over surgery which include
the following: (1) it is minimally invasive proce-
dure and it has a high efficacy. It only takes about
10 min to ablate a tumor<3.0 cm completely.
The wound is small, and the recovery is rapid; (2)
it has only a relatively small impact on liver func-
tion and quality of life; (3) it is safe. A study
which included 2320 patients with 3530 HCC
tumors reported that the mortality after RFA was
0.3 % [106]; (4) it has a very low rate of compli-
cation; (5) it is cost-effective and has easy oper-
ability, the procedure can be done in a day clinic;
and (6) the necrotic tumor tissues after treatment
can become a source of autogenous vaccine,
which enhances the immune response to cancer.

2.4.2 Pathological Characteristics
and Other Factors Which
Impact on Prognosis of RFA
for SHCC

RFA offers a new option of curative treatment for
SHCC. The initial results are encouraging, and it
can be used in patients when surgical resection or
liver transplantation is contraindicated because
of poor general condition of patients. In most
studies, the initial complete tumor response rates
for small HCCs <3 cm following RFA have been
reported to be 90-95 %. The estimated 3- and
5-year overall and disease-free survival rates
were 67.0 % and 40.1 % and 68.0 and 38.0 %,
respectively. The local tumor progression rates
were 10-20 %. There are factors which affect
good outcomes of RFA. There is no controversy
that the patient’s own body mass index (BMI),

which reflects technical difficulty in carrying out
RFA, is significantly associated with results of
RFA therapy for SHCC. Other factors include the
following:

1. Tumor location and methods of RFA: when
compared to surgical resection, percutaneous
RFA is more likely to result in residual tumors,
especially when the lesions are located at
some specific sites of the liver, e.g., under-
neath the liver capsule, adjacent to the gall-
bladder, or under the diaphragm. Laparoscopic
approach appears to be the safest and most
effective method to treat small tumors on the
liver surface and offers the additional advan-
tages of laparoscopic ultrasound, which pro-
vides a good resolution to show the number
and location of liver tumors. Although more
invasive, open RFA can be performed and the
direction of puncture of the RF needle can be
better selected than the laparoscopic approach,
especially for lesions located close to the gall-
bladder or in contact with the diaphragm.

2. Tumor size: in a report coming from Japan,
183 patients with a solitary HCC of 3 cm or
less were treated either with hepatic resection
(HR) (n=101) or RFA (n=82) as a first-line
treatment. There were no significant differ-
ences between the two groups for HCC of
2 cm or less. In patients treated with RFA, a
tumor size of more than 2 cm was the only
independent prognostic factor of a worse
disease-free survival (risk ratio=1.832,
P=0.039) [107].

3. Serum albumin: Peng et al. reported that in
224 patients with a solitary HCC <5 cm and
with a liver background of Child-Pugh class A
treated with RFA between November 1999
and June 2007, the overall 5-, 7-, 10-year sur-
vival rates were 59.8 %, 55.2 %, 33.9 %,
respectively. The median overall survival was
76.1 months. Complete ablation was achieved
in 216 patients (96.4 %). Serum albumin was
the only factor which significantly impacted
recurrence-free  and tumor-free survivals
(P=0.008, 0.002, respectively) [108].

4. Serum alpha fetoprotein (AFP) and age: in a
study from South Korea, 570 patients with
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674 early-stage HCCs were treated with per-
cutaneous RFA. The primary technique effec-
tiveness rate was 96.7 %. The cumulative
survival rates at 1, 2, 3, 4, and 5 years were
95.2 %, 82.9 %, 69.5 %, 60.8 %, and 58.0 %,
respectively. Patients with Child-Pugh class A
cirrhosis, younger age (<58 years), or low
AFP level (<100 microg/L) demonstrated bet-
ter survival results (P <0.05). The Child-Pugh
class, age, and AFP level before RFA were
significant prognostic predictors of long-term
survival [109].

. Endothelial cell-specific molecule 1 (ESM-1):

in a study which included 150 patients with
early HCC treated with RFA, ESM-1
expression by HCC stromal endothelial cells
was observed in 58 patients (40 %) and it was
associated with higher serum AFP levels,
larger tumors, and more frequent expression
of EpCAM (a surrogate marker of activation
of Wnt-B-catenin pathway). The two indepen-
dent predictive factors of overall recurrence
were serum AFP (HR 1.11, p=0.045) and
ESM-1 expression (HR 1.56 [1.004; 2.43],
p=0.048). Thus, ESM-1 expression was an
independent predictive factor of early recur-
rence (HR 1.81 [1.02; 3.21], p=0.042) [110].
High serum hyaluronic acid and HBV viral
load have been reported to be the main
prognostic factors of local recurrence after
complete radiofrequency ablation of hepatitis-
B-related small HCC [111].

. Age: a multivariate analysis on patients with

HCV-related SHCC who were treated with
RFA showed age of 75 years or more [relative
hazard (RH) 1.61, p=0.019] and a serum
albumin level of less than 3.5 g/dL. (RH 1.61,
p=0.016), which were significant factors of a
decrease in overall survival. Furthermore, a
serum albumin level of less than 3.5 g/dL. (RH
1.50, p=0.003) was the only significant factor
of decrease in recurrence-free survival [112].

Neutrophil-to-lymphocyte ratio (NLR): an
elevated preoperative NLR has been reported
to be a prognostic factor for SHCC patients
after RFA treatment. Multivariate analysis
showed that the postoperative change in NLR,
but not the preoperative NLR, was an

independent prognostic factor of both overall
survival (P<0.001, HR=2.39, 95%CI 1.53—
3.72) and recurrence-free survival (P=0.003,
HR=1.69, 95%CI 1.87-8.24). The postopera-
tive change in NLR was an independent prog-
nostic factor, and patients with a decrease in
NLR had better survival than those with an
increase in NLR [113].

Conclusion

In conclusion, RFA is safe and effective for
treating SHCC, with the advantages of having
less complication, easy operation, and rapid
recovery. There is no difference in disease-
free survival and overall survival, and RFA
and surgical resection in patients with SHCC
are safe and effective. However, the pathologi-
cal characteristics of SHCC with more aggres-
sive behavior such as DNA aneuploidy,
microvascular invasion, microscopic satel-
lites, poor differentiation, capsular invasion,
tumor location as well as macroscopic growth
patterns, can influence the long-term treat-
ment results for both RFA and surgical
resection.
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