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Abstract

Background Patients with hepatocellular carcinoma

(HCC) who undergo liver resection and transplantation are

predicted to have a poor outcome if the disease is associated

with vascular invasion. This study aimed to identify preop-

erative predictors of microvascular invasion in patients with

HCCs larger than 5 cm.

Methods From May 1992 to October 2005, 231 patients

underwent curative hepatic resection for HCC. Of these, 96

patients had HCCs larger than 5 cm. Analysis was limited to

patients without macroscopic vascular invasion (n = 65).

Results Multivariate analysis showed that patients with

tumors larger than 7 cm and type 2 (single nodular type

with extranodular growth) and type 3 (contiguous multi-

nodular type formed by a cluster of small and contiguous

nodules) tumors had an increased risk of microscopic

vascular invasion. The overall incidence of microscopic

vascular invasion was 46.2% (n = 30), but only 12.5% (2/

16) in patients with type 1 tumors (single nodular type that

is approximately round with a clear demarcation) measur-

ing less than 7 cm.

Conclusion Larger tumors ([7 cm) and type 2 and type 3

tumors are strong predictors of microvascular invasion in

patients with HCCs larger than 5 cm.

Introduction

Liver resection and liver transplantation have been accepted as

the only chance of cure for patients with primary hepatocellular

carcinoma (HCC). However, long-term prognosis remains

unsatisfactory due to a high incidence of intrahepatic recur-

rence after hepatectomy. Furthermore, early experience of

orthotopic liver transplantation (OLT) in unselected patients

was associated with a poor outcome. Subsequent studies have

shown that vascular invasion is a major determinant of out-

come after resection or transplantation for HCC [1–5].

Mazaferro’s criteria [6] for HCC have been widely used

as guidelines for the selection of OLT candidates in many

transplantation centers. However, none of the patients in

this small-scale study had evidence of microscopic vascu-

lar invasion. Llovet et al. [7] reported that microscopic

vascular invasion detected during pathologic examination

of explant specimens was associated with a lack of disease-

free survivors after three years, whereas 94% of patients

without vascular invasion were disease-free after three

years. Tumor size appears to have no significant impact on

patient survival when microscopic vascular invasion is

absent, since survival rates after resection of T1 tumors

larger than 10 cm in diameter are similar to those following

resection of T1 tumors less than 5 cm [7, 8].

In this study, we analyzed the preoperative predictor of

microscopic vascular invasion to determine stricter criteria

for liver transplantation as a treatment for patients with

HCCs larger than 5 cm in diameter.

Patients and methods

Between January 1992 and December 2005, 231 consecu-

tive patients underwent hepatic resection for HCC at the
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Yokohama City University Graduate School of Medicine,

Japan. All patients underwent complete clinical, laboratory,

and radiologic testing in order to stage their disease. Of

these patients, 96 had large HCCs greater than 5 cm in

diameter. No patients in the final cohort had evidence of

lymph node metastasis or lung metastasis. The overall

incidence of macroscopic vascular invasion was 31 patients

according to preoperative radiologic examinations, so we

limited our analysis to the remaining patients without

major vascular invasion (n = 65). The overall incidence of

histologic microvascular invasion was 46.2% (n = 30).

The serologic presence of hepatitis B antigens or anti-

bodies and of hepatitis C antibodies was considered

positive evidence of hepatitis B or C exposure, respec-

tively. Preoperative imaging for tumor staging included

chest X-rays, abdominal ultrasonography (US), computed

tomography (CT), and magnetic resonance imaging, if

indicated. Tumor size was defined as the largest diameter

of the tumor in the resected specimen. In patients with

multiple tumors, the largest lesion was used as the index

lesion.

Operative procedures have been described previously [8,

9]. Resected specimens were cut into 10-mm slices, and

histopathologic examination revealed microscopic invasion

as the presence of cancer cell clusters floating in the

vascular space lined by endothelial cells. Tumor differen-

tiation and histology of the noncancerous surrounding

parenchyma were defined according to the Liver Cancer

Study Group of Japan guidelines [10]. Tumor grade was

defined by the poorest degree of differentiation.

Gross classification

Nodular types of HCCs were characterized by a clear

border between the tumor and the surrounding paren-

chyma. Kanai’s classification [11] was then used to

subdivide them into three categories based on explant: type

1, single nodular type that is approximately round with a

clear demarcation; type 2, single nodular type with extra-

nodular growth (a tumor like type 1 but showing

extranodular growth); and type 3, contiguous multinodular

type formed by a cluster of small and contiguous nodules.

This classification has been accepted by the Liver Cancer

Study Group of Japan [10] and is widely used. We clas-

sified tumors preoperatively according to this classification

using preoperative dynamic CT and US images.

Statistical analysis

Continuous variables were expressed as the mean ± stan-

dard deviation and compared using the Mann–Whitney U

test. Categorical variables were compared using the v2 test

or Fisher’s exact test where appropriate. Overall survival

and disease-free survival were calculated by the Kaplan-

Mayer method, and the differences between groups were

compared using the log-rank test. Univariate predictive

factors (p \ 0.1) were entered into a stepwise logistic

regression model to identify the independent predictors of

microvascular invasion. All statistical analyses were per-

formed using the SPSS computer software package

(version 10.0 for Windows, SPSS, Inc., Chicago, IL), and

p \ 0.05 was taken as statistically significant.

Results

The 65 patients (52 men and 13 women, male: female

ratio = 4:1) included in the study had a median age of

64.2 years (range = 39–79 years). Forty-six patients had

solitary tumors with the median tumor size 8.69 cm

(range = 5.0–25.0 cm). Most tumors were moderate or

well-differentiated HCCs; only 7.7% of patients had poorly

differentiated HCCs. Hepatitis B and C serology was

24.6% and 52.3%, respectively. No patients were classified

as Child-Pugh C, while 86.2% were classified as Child-

Pugh A. Thirty-five cases had type 1 tumors and 13 cases

had type 2 tumors, and 17 cases had type 3 tumors.

Both univariate and multivariate predictors of micro-

vascular invasion were shown to be a tumor size greater

than 7 cm (odds ratio [OR] = 3.42, 95% confidence

interval [CI] = 1.1–11.2, p \ 0.05), a type 2 tumor, and a

type 3 tumor (OR = 6.9, 95% CI = 2.2–21.8, p \ 0.001)

(Table 1).

Increasing tumor size was associated with higher rates

of microvascular invasion: tumors 5–6.9 cm had a 26.9%

rate, tumors 7–8.9 cm had a 42.9% rate, while tumors

greater than 9 cm in diameter had a 66.7% rate (Fig. 1).

Evidence of microvascular invasion was in 57.9% of

patients with tumors measuring more than 7 cm compared

to 26.9% of patients with tumors measuring less than 7 cm

(p = 0.043).

Microvascular invasion was present in 12.5% (2/16) of

patients with type 1 tumors measuring less than 7 cm; this

percentage rose to 78.9% (15/19) in patients with larger

tumors (more than 7 cm), type 2 tumors, and type 3 tumors

Table 1 Factors predictive of microvascular invasion in patients with

tumor larger than 5 cm without macroscoscopic vascular invasion,

multivariate analysis

Predictive factors Odds ratio 95% CI p Value

Type 2 and type 3 tumors 6.9 2.187–21.805 0.001

[7 cm 3.4 1.046–11.171 0.042

Type 2 = single nodular type with extranodular growth; type

3 = contiguous multinodular type formed by a cluster of small and

contiguous nodules; 95% CI = 95% confidence interval
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(Fig. 2). In addition, the overall cumulative survival results

for patients with type 1 tumors less than 7 cm undergoing

hepatectomy were markedly better than in patients with

larger type 2 and type 3 tumors. Survival rates for patients

with type 1 tumors measuring less than 7 cm were 94.1%

for 1 year, 48.9% for 3 years, and 39.1% for 5 years, with

a median survival of 36 months compared with 44.8% for

1 year, 29.9% for 3 years, and 14.9% for 5 years. There

was a median survival of 11 months for patients with larger

type 2 and type 3 tumors (p = 0.047) (Fig. 3).

Discussion

Vascular invasion is a strong predictor of outcome in HCC

patients treated with OLT and liver resection [12–14].

Mazzaferro et al. [6] performed a prospective trial of

transplantation for early-stage HCC and established the

Milan enrollment criteria based on preoperative imaging

studies of a single tumor less than 5 cm in diameter or a

maximum of three tumors all less than 3 cm in diameter.

These criteria became the standard for patient selection,

and the United Network of Organ Sharing and other pro-

curement agencies granted waiting-list priority for patients

meeting their criteria. However, none of the patients in that

small-scale study had evidence of microscopic vascular

invasion.

At present, the adoption of expanded criteria has been

suggested by a number of centers because some patients

who do not meet the Milan criteria are excluded from

potentially curative surgery. The University of California,

San Francisco (UCSF) criterion is a single lesion 6.5 cm or

smaller in diameter or three lesions with the largest 4.5 cm

or smaller and with a total tumor diameter of 8 cm or

smaller[15]. Patients with between two and four tumors

5 cm or smaller in diameter or a single lesion 6 cm or

smaller[16] had recurrence-free survival rates equivalent to

patients meeting the Milan criteria.

The use of tumor size alone to prioritize patients for

transplantation is problematic, since size has no significant

impact on survival in the absence of microscopic vascular

invasion. Survival after resection of T1 tumors larger than

10 cm in diameter is similar to survival following resection

of T1 tumors less than 5 cm [7, 8], and patients with

tumors larger than 5 cm have recurrence-free survival rates

greater than 80% [17]. Indeed, tumor size alone may not be

a contraindication for transplantation.

Recent studies suggest that vascular invasion is a strong

predictor of outcome in HCC patients treated with OLT, so it

is important to identify the vascular invasion preoperatively.

While major vascular invasion can be identified preopera-

tively in the majority of cases, microscopic vascular invasion

is impossible to rule out before transplantation. Recognition

Fig. 1 Incidence of microscopic vascular invasion stratified by tumor

size. As tumor size increased, so did the incidence of microscopic

vascular invasion

Fig. 2 Frequency distribution of microscopic vascular invasion

according to risk factors (tumor size and tumor type). Microvascular

invasion was present in 12.5% (2/16) of patients without risk factors

and in 78.9% (15/19) of patients who had both risk factors

Fig. 3 The overall cumulative survival results of patients with type 1

tumors measuring less than 7 cm was markedly better than in patients

with larger type 2 and type 3 tumors
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of surrogate markers of microscopic vascular invasion that

can be obtained in the preoperative/pretransplant setting

could improve the selection of patients for surgical treatment

of larger HCCs. Although increasing tumor size is believed

to be associated with microscopic vascular invasion, only a

few studies have examined the correlation between tumor

diameter and microscopic vascular invasion in detail [18–

22].

Esnaola et al. [18] reported that tumor sizes above 4 cm

and tumor grade were strong predictors of microvascular

invasion in HCC patient OLT candidates who met the

Milan criteria. Pawlik et al. [19] reported that high histo-

logic grade, AFP level of at least 1000 ng/ml, and multiple

nodule tumors each predicted occult vascular invasion in

tumors larger than 5 cm. In the present study, a tumor

diameter greater than 7 cm was one of the independent risk

factors for microscopic vascular invasion. Indeed, the

incidence of microscopic vascular invasion was almost

twice as high in tumors larger than 7 cm (61%) than in

smaller tumors (32%) and continued to rise with increasing

size, even above 10 cm.

Kannai’s classification [8], which is based on gross

patterns of tumor growth and spread, is widely used and

has been accepted by the Liver Cancer Study Group of

Japan [10]. Hui [21] reported that type 2 and type 3 tumors

were significant univariate and multivariate risk factors for

tumor recurrence and disease-specific death, and that

microscopic vascular invasion was more frequent in type 3

than in type 1 and type 2 tumors. Inayoshi [22] also

reported that microscopic vascular invasion and subclinical

intrahepatic metastases were more frequent in type 2 and

type 3 HCC than type 1 HCC.

In the present study, type 2 and type 3 tumors were

independently associated with increased microscopic vas-

cular invasion; specifically, microscopic vascular invasion

was significantly more common in patients with type 2 and

type 3 tumors (70%). These data suggest that tumor gross

classification should be considered as a strict selection

criterion rather than size alone. As microvascular invasion

was present in 12.5% of patients with type 1 tumors

measuring less than 7 cm in diameter, the OLT criteria for

large HCC tumors appears to include patients with type 1

tumors and those with tumors of under 7 cm diameter.

In a comparative genomic hybridization (CGH) study,

Pang et al. [23] reported that the amplification of chro-

mosomes 1q, 6p, and 17q and the deletion of 11p were

significantly associated with venous invasion. Several

studies of the molecular mechanism of HCC have sug-

gested a relationship between HCC vascularity and VEGF

expression [24]. VEGF levels in HCC specimens from

patients with tumor emboli and poorly encapsulated tumors

(both adverse prognostic features) were higher than in

specimens without, suggesting that VEGF expression may

correlate with HCC tumor invasion and metastasis [25]. As

percutaneous fine-needle biopsy can be used to obtain liver

tissue, future studies should attempt to determine the rel-

ative value of genetic and epigenetic alterations and novel

molecular markers in predicting the presence of micro-

vascular invasion in HCC patients treated with resection or

OLT.

In conclusion, our study suggests that a tumor diameter

greater than 7 cm and a type 2 or type 3 tumor classifica-

tion could be used as preoperative predictors of

microvascular invasion in patients with HCCs larger than

5 cm.
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