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INTRODUCTION
Already recognized as one of the most common cancer worldwide, the rising
incidence of hepatocellular carcinoma (HCC) in the West including the United States has
been attributed to a significant increase in chronic hepatitis C virus (HCV) infection.11, 14
Concurrently, early detection, improved perioperative management, and advanced
surgical techniques have allowed surgical resection to become a suitable therapeutic
modality. However, several large clinical series have shown that many patients do not
benefit from a long-term survival because of recurrences during the first few years after
surgery. It is now recognized that not only tumor-related factors (i.e. vascular invasion,
size and multiplicity) but also the quality of the surrounding hepatic parenchyma (i.e.
cirrhosis and chronic hepatitis) influence the outcome.5, 27
It is well established that cirrhosis represents a fertile ground for the development of
HCC. According to an autopsy series, 90% of HCCs arise in cirrhotic livers.42 Even if
some recent surgical series report that between 25% and 49% of HCCs arise in noncirrhotic livers, it is important to point out that the underlying fibrosis or hepatitis, and
subtle morphologic changes appreciated only by a thorough histologic evaluation of the
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hepatic parenchyma were overlooked.7, 13, 46 Thus, one can safely state that the majority
of HCCs arise in the setting of chronic liver disease even in the non-cirrhotic liver (i.e.,
chronic viral hepatitis C and B, alcohol intoxication, and metabolic disorders). Rarely, the
host liver is completely free of any subjacent chronic liver disease. In these cases the
neoplastic sequence is poorly understood, although an intermediary benign neoplastic
process, such as adenoma, has been suspected in female patients.
In this chapter we review the prognostic pathologic characteristics of HCC with
specific emphasis on how they relate to the quality of the surrounding hepatic
parenchyma, and we also analyze the importance of the underlying chronic liver disease
with regard to prognosis.

MACROSCOPIC FEATURES OF HEPATOCELLULAR CARCINOMAS
• Growth patterns of hepatocellular carcinoma
HCCs are classified in three types according to their macroscopic appearance32.
These patterns (nodular, massive and diffuse) are variably associated with cirrhosis and
have different predictive value with regard to disease free survival and overall survival.17
For example, diffuse HCCs (multiple small nodules no larger than 1.0 cm and scattered
throughout the parenchyma) are uniquely seen in cirrhotic livers. This variant is
associated with portal vein thrombosis and lymph node metastasis in about 70% and 53%
of the cases, respectively, and thus associated with grim prognosis.60 Massive HCCs are
large neoplasms that are poorly demarcated from the surrounding parenchyma. The
majority (95%) measures over 10 cm and is more frequently found in non-cirrhotic
livers.42, 49 They are frequently observed in young patients and accompanied by portal
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vein tumor thrombi.60 Nowadays, most of the surgically resectable HCCs are of the
nodular variant. This type is subclassified in three subtypes: a single nodular type,
characterized by a sharp interface with the benign parenchyma (Type 1) (Fig. 1), a single
nodular type with extranodular growth (Type 2), and a contiguous multinodular type
(Type 3).23 Nodular type 1 and 2 tumors tend to be observed in advanced cirrhosis. In
contrast, 60% of nodular type 3 tumors occurr in non-cirrhotic livers.60 Importantly, the
rate of microvascular invasion is significantly increased from type 1 (17%) to type 2
(25%), and from type 1 to type 3 (53%).17 Consequently, hematogenous extrahepatic
metastatases are observed in only about 14% of type 1 but about 48% of type 2 and 70%
of type 3. However, this difference is significant only between type 1 and type 3.60
Nodular HCCs are associated with better prognosis than the massive and diffuse ones.
Type 1 nodular tumors have the best prognosis with only a 20% recurrence rate at two
years compared to 60% for type 3, and higher overall survival.17

• Multiplicity of Hepatocellular Carcinoma
Multiplicity is of HCCs is related to the quality of the surrounding parenchyma,
reported in 16% to 74% of cases resected in cirrhotic livers.28, 35, 36, 60 In comparison, the
rate of multiple HCCs is only between 12% and 17% in non-cirrhotic livers.6, 7 Two
mechanisms can result in the multiplicity of tumors, either multicentric carcinogenesis or
intra-hepatic metastases.43, 48 The distinction is difficult and arguments in favor of
intrahepatic metastases are: 1) if they represent portal vein tumor thrombi or grew
contiguously with vascular thrombi, 2) if they are small compared to the tumor they
surround, 3) if a single tumor is present near the main tumor but is much smaller in size
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and exhibits the same histology.43 Intrahepatic metastases can be observed both in
cirrhotic and non-cirrhotic livers. However, multicentric carcinogenesis is a characteristic
of cirrhotic livers and is supported by biologic and histologic evidence. With regard to
the former, molecular studies have demonstrated the multicentric origin of different
tumors by analysis of hepatitis B virus (HBV) integration and detection of HCV RNA.27,
43

In terms of prognosis, multiplicity predicts intrahepatic recurrence after hepatectomy

and of shorter postoperative overall survival.3

• Size of Hepatocellular Carcinoma
The size of HCCs is one of the most important prognostic factors with vascular
invasion. As we have recently re-emphasized the 5 cm mark is significant cut off point
with regard to survival.55 HCCs measuring less than 5 cm are also associated with less
frequent intra- and extra-hepatic metastases as well as portal vein thrombosis.29 HCCs
occurring in non-cirrhotic livers are generally larger in size25 and have higher tumor
stages30 than those in developing cirrhotic livers. Kishi reported that average tumor size
in non-cirrhotic livers is 9.2 cm, in contrast to 4.7 cm in cirrhotic livers.25
The difference in size between HCCs arising in cirrhotic and non-cirrhotic liver
may be due to the biology of the neoplasm. Etiologic difference (viral vs. non-viral) may
be responsible for various growth rates. In addition, the quality of the functional hepatic
reserve may contribute to the difference. Healthy liver parenchyma allow longer survival
and hence larger growth and/or faster growth of HCCs.42 Conversely, because of the
limited functional reserve of cirrhotic livers, earlier symptoms lead to the detection of
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smaller tumors. Moreover, surveillance programs of chronic hepatitic patients at risk for
developing cirrhosis and HCCs undoubtedly play a role in the detection of small lesions.
MICROSCOPIC FEATURES OF HEPATOCELLULAR CARCINOMA
•Variation of tumor architecture
Among the five representative architectural growth patterns (microtrabecular,
macrotrabecular, compact, acinar and mixed), HCCs in non-cirrhotic livers tend to
exhibit a microtrabecular architecture, whereas HCCs arising in a background of cirrhosis
show mostly a macrotrabecular arrangement.25
In addition, the fibrolamellar variant, composed of large eosinophilic granular and
polygonal tumor cells embedded in abundant fibrous stroma, is strongly associated with
non-cirrhotic livers. About 10% of non-cirrhotic patients, especially in the younger
population, demonstrate fibrolamellar histology and better prognosis.7, 41, 46

• Histologic classification (grading) of HCC
Edmondson's classification, originally designed in 1954, is based on the degree of
differentiation of HCCs.10 Although widely used, the prognostic predictability of
histologic grading has been long debated. Better prognosis for low grade HCC (Fig. 2) is
reported by some, while others contest a positive correlation between high grade (Fig. 3)
and prognosis. 3, 15, 29, 41, 57 The same is true with regard to the prediction of intrahepatic
metastasis.3, 15, 41
An association between the grade of HCC and the quality of the surrounding
parenchyma has been described. In one series, the odds of having a high grade HCC
(grade 3/4) was 1.7 times greater for patients with cirrhosis than patients without
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cirrhosis.41 This observation is important since it may in part account for the worse
prognosis of HCCs arising in cirrhotic livers, compared to the tumors arising in noncirrhotic livers. However, this association could not be confirmed in two large surgical
and autopsy series of over 400 cases each.29, 42

• Microscopic Growth Interface
Four microscopic types of interface between surrounding parenchyma and HCCs
can be recognized.37 These are sinusoidal, replacing, pseudocapsular, and capsular (which
can be identified macroscopically). In the sinusoidal pattern, the interface is irregular
with malignant hepatocytes extending along the sinusoids into the surrounding
parenchyma. The replacing pattern shows an expansile interface between tumor cells and
benign hepatocytes that they replace. A pseudocapsule is recognized by the deposition of
a thin layer of fibrous bundles between an expansile tumor and the surrounding
parenchyma. In comparison, a capsule is defined as a fibrous layer several millimeters
thick (Fig. 4).38 The formation of a capsule is a function of the size of the neoplasm.
Capsules are observed in 84% of HCCs measuring between 2-5 cm and in about 45% of
those measuring less than 2 cm and more than 5 cm. A fibrous capsule is usually
associated with lower nuclear grades, reduced incidence of venous invasion and daughter
nodules.38,

41

Some authors reported that patients with encapsulated HCCs without

capsular invasion (or beyond) have improved overall survival and a lower intrahepatic
recurrence rate.3, 41 However, difference in survival based on the type of interface was
not recognized in a large multivariate analysis.29
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Also, whether tumor encapsulation is more often present in non-cirrhotic livers than
in cirrhotic livers remains a debated issue.23, 38, 41

• Vascular Invasion
It is well established that macroscopic vascular invasion portends a poor prognosis
with, in most patients, recurrence within one year post-surgery and death within two
years after resection.18, 21 Most importantly, multivariate analyses have emphasized the
importance of microscopic vascular invasion as one, if not the most important predictor
of overall survival after curative resection or orthotopic liver transplantation (OLT). 16, 29,
39, 53

In addition, since intrahepatic metastases occur through portal vein invasion,

microvascular invasion is an indicator of disease-free survival, and this whether the
vascular invasion is present in the capsule or beyond the capsule.48 Risk factors for
microscopic portal vein invasion include: diameter of tumor larger than 3cm to 5 cm,
higher histologic grade, and mitotic rate > 4 to 10 mitoses per 10 high power fields.2, 29, 50
With regard to patient management, in an study of 245 patients with HCC that fulfilled
the criteria for OLT, Esnaola et al. re-emphasized the strong correlation between size and
grade and advocated the pathologic grading of HCCs at the time of pretransplantation
ablative therapy to improve the selection of candidates for OLT.12
Finally, the relation between cirrhosis and vascular invasion is debated. One series
reports that venous invasion is 1.6 times more likely in HCCs arising in cirrhotic liver
than non-cirrhotic liver, but these findings have not been confirmed by others.2, 29, 41

• Lymphatic Invasion
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The presence of lymph node metastases is associated with poor prognosis with most
patients dying within 18 months post surgery.51 The incidence of nodal metastases in
autopsy series reaches between 25% and 33% of cases, while it is only between 2.2% and
3.2 % in surgical series.31, 55, 56, 60 The reasons for these lower figures possibly relate to
the exclusion of patients for hepatectomy if nodal metastasis is detected on pre-operative
imaging studies but also of the absence of systematic lymphadenectomy during
hepatectomy. In our own series of over 500 resected HCCs, lymph nodes excision was
performed in only 22% of cases.55
A lower incidence of lymph node metastases in cirrhotic livers compared to noncirrhotic livers is reported. Since cirrhosis induces lymphatic obstruction, it may be
directly responsible for the decreased rate of nodal metastases.51 Concurrently, since
cirrhosis leads to the formation of collateral lymphatic changes, it may also explain the
skip metastases sometimes detected.

• Mitosis
Few clinicopathological series have evaluated the prognostic importance of mitotic
activity. However, some have reported it as a valid prognostic indicator.15, 22, 29, 41 Some
have also indicated that high mitotic activity is a predictor of portal vein invasion (see
above) and that it correlates with a higher nuclear grade.2, 29 Whether the presence of
cirrhosis is associated with higher mitotic activity or not remains debated.41, 46
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IMPORTANCE OF SURROUNDING HEPATIC PARENCHYMA
As alluded in the introduction, much interest has been recently given to the effect of
the subjacent chronic liver disease (cirrhosis and hepatitis) in addition to tumor factors
with regard to recurrence and survival.

• Role of cirrhosis
The influence of cirrhosis on intrahepatic recurrence and long-term survival has
also been debated. In the short term, and despite an initially increased operative risk,
cirrhotic patients with a good hepatic reserve (Child-Pugh A) fare as well as non-cirrhotic
HCC patients.53 However, the unfavorable effect of cirrhosis upon recurrence and
overall survival becomes apparent over time. In a recent analysis of 145 HCC patients
who survived 5 years or more after curative resection, Bilimoria et al. have shown that
the presence of moderate to severe fibrosis in the liver remnant was the most important
predictor of additional survival.5 The originality of their approach was to grade the
hepatic fibroasis according to the Ishak’s guidelines.20
Several clinical and tumor characteristics appear to be linked with the degree of
fibrosis in the host parenchyma (Figure 5 A and B). For example, cirrhotic patients with
HCCs are significantly older on average than patients without cirrhosis.6, 10, 41 It has also
been shown that HCCs arising in non-cirrhotic livers grow faster and are larger than those
in cirrhotic livers.6, 25, 31 However, controversies exist as to the influence of cirrhosis on
the histologic grade and the prevalence of microscopic vascular invasion. Some have
reported that HCCs arising in non-cirrhotic livers were less well differentiated than HCCs
in fibrotic livers, while others have demonstrated that cirrhotic patients had higher odds
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of presenting with high grade tumors.41, 42 With regard to microscopic vascular invasion,
recent data fail to support the previously held opinion that it is more prevalent in HCCs
arising in cirrhotic livers.2, 29, 41
The validity of obtaining a wide surgical margin is also debated in relation to the
surrounding parenchyma. Several series have demonstrated that a margin of less than 1
cm is associated with higher rates of intrahepatic recurrence, with most patients
experiencing a recurrence within 3 to 5 years after resection.4, 8 Conversely, others did
not find a significant difference in patients with a 1 cm clearance or less.3 One critical
argument undermining the validity of a wide clearance is the frequent discovery of
distant synchronous satellites rendering complete tumor eradication impossible.
Accordingly, in a series of cirrhotic patients, Lai has demonstrated that 74% of patients
had either satellites and / or venous invasion beyond 1cm from the main tumor.28 This
was true whether the tumors measured more or less than 5 cm. However, it is reasonable
to assert that a wide surgical clearance is necessary to prevent recurrence along the plane
of resection.

• Role of hepatitis
Histologic chronic hepatitis is recognized in about a third of patients with HCCs
arising in cirrhotic livers and 20% of patients without cirrhosis.41 Whether the
inflammatory activity is an indicator of intrahepatic recurrence and survival remains
debated in minor hepatectomy.1, 26, 39, 44 Interestingly, the increased hepatocytic
replication resulting from major hepatectomy has been hypothesized as enhancing
multicentric hepatocarcinogenesis in patients with chronic hepatitis.26 Apparently, the
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higher risk for recurrence was observed in patients with the highest regenerative capacity
of the residual parenchyma.1, 9 However, others suggested that it reflects only an
increased incidence of intrahepatic metastasis rather than multicentric occurrence.52

• Differences based on the etiology
Differences between HCCs developing in patients with hepatitis B and those with
hepatitis C exist. HCV patients are usually older and have a poorer liver function.
Advanced fibrosis / cirrhosis and chronic active hepatitis also characterize this group.45
With regard to pathology, the mean diameter of HCCs is usually larger in HVB patients
than in HCV (6.2-7.9 cm vs. 3.2-5.1 cm). There is also a higher incidence of satellite
nodules in HBV patients. Conversely, multicentric tumors are more frequent in HCV
positive patients.34, 47, 58 Overall, HVB patients have a shorter disease-free interval but a
better actual survival rate, especially in those treated by surgery.58 By comparison, for
patients with HCV-related HCC, the risk of intrahepatic recurrences never subsides even
in later years after complete resection.19, 59
In the case of genetic hemochromatosis-related HCCs, a recent publication reported
a wider range of histologic features with frequent biliary differentiation in livers with or
without cirrhosis.33

CONCLUSION
Although controversies persist as to the influence of cirrhosis on the incidence of
portal vein invasion and other prognostic indicators of recurrence and survival (histologic
grade, mitotic activity, multiplicity), it is becoming clear that the degree of cirrhosis is
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important with regard to the long-term survival of HCCs patients . Multicentricity is
especially important since it reflects the field carcinogenesis associated with viral
hepatitis and particularly HCV chronic infection.54 A better understanding of the
different mechanisms linked to tumor recurrence will help select best candidate for
curative surgery as a well as tailor adjuvant therapy such as interferon therapy to each
individual patient.40 To date, the recognition of the importance of vascular invasion,
number of tumors and size as well as effect of fibrosis led us to propose a simplified
staging of HCC with better survival prognostication of survival.55
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