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Abstract

AIM: To describe the distribution of micrometastases in
the surrounding liver of patients with primary liver cancer
(PLC), and to describe the minimal length of resection
margin (RM) for hepatectomy.

METHODS: From November 2001 to March 2003, 120
histologically verfied PLC patients without macroscopic
tumor thrombi or macrosatellites or extrahepatic
metastases underwent curative hepatectomy. Six
hundreds and twenty-nine routine pathological sections
from these patients were re-examined retrospectively
by light microscopy. In the prospective study, curative
hepatectomy was performed from November 2001
to March 2003 for 76 histologically verfied PLC
patients without definite macroscopic tumor thrombi
or macrosatellites or extrahepatic metastases in
preoperative imaging. Six hundreds and forty-five
pathological sections from these patients were examined
by light microscopy. The resected liver specimens were
minutely examined to measure the resection margin
and to detect the number of daughter tumor nodules,
dominant lesions, and macroscopic tumor thrombi inside
the lumens of the major venous system. The paraffin
sections were microscopically examined to detect the
microsatellites, microscopic tumor thrombi, fibrosis tumor
capsules, as well as capsule invasion and the distance of
histological spread of the micrometastases.

RESULTS: In the retrospective study, 70 micrometastases
were found in surrounding liver in 26 of the 120
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cases (21.7%). The farthest distance of histological
micrometastasis was 3.5 mm, 5.3 mm and 6.0 mm in
95%, 99% and 100% cases, respectively. Macroscopic
tumor thrombi or macrosatellites were observed in 18
of 76 cases, and 149 micrometastases were found in
the surrounding live in 25 (43.1%) of 58 cases with no
macroscopic tumor thrombi. The farthest distance of
histological micrometastasis was 4.5 mm, 5.5 mm and
6.0 mm in 95%, 99% and 100% cases, respectively.
Two hundred and sixty-seven micrometastases were
found in surrounding liver in 14 (77.8%) out of 18 cases
with macroscopic tumor thrombi or macrosatellites. The
farthest distance of histological micrometastasis was 18.5
mm, 18.5 mm and 19.0 mm in 95%, 99% and 100%
cases, respectively.

CONCLUSION: The required minimal length of RM is
5.5 mm and 6 mm respectively to achieve 99% and
100% micrometastasis clearance in surrounding liver
of PLC patients without macroscopic tumor thrombi or
macrosatellites, and should be greater than 18.5 mm to
obtain 99% micrometastasis clearance in surrounding
liver of patients with macroscopic tumor thrombi or
macrosatellites.
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INTRODUCTION

Primary liver cancer (PLC) is the fifth most common can-
cer in the world. The number of new cases is estimated
to be 564000 per year. About 80% of all cases are found
in Asia. Hepatocellular carcinoma (HCC) accounts for
more than 80% of all PLCs, while intrahepatic cholangio-
carcinoma (ICC) and hepatocellular-cholangiocarcinoma
(HCCC) account for less than 20%. Most patients with
PLC also suffer from concomitant cirrhosis, which is the
major clinical risk factor for hepatic cancer. Overall, 80%
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of PLCs can be attributed to chronic hepatitis B virus
infection in Asia, especially in China. Hepatic resection and
liver transplantation are considered the only curative treat-
ment for PLC. For most cirrhotic patients who fulfill the
Milan criteria, liver transplantation is the ultimate choice
of treatment, but its application is limited due to the lack
of donors!". Hepatic resection remains the treatment of
choice for PLC despite unsatisfactory outcomes due to
the high incidence of intrahepatic recurrence™. Resection
margin (RM), which refers to the shortest distance from
the edge of the lesion to the line of patenchymal transec-
tion margin'| is vital to a safe operation and a complete
clearance of micrometastases in surrounding liver. Because
of undetlying chronic liver diseases, the optimal RM in
radical hepatectomy of PLC remains controversial and
ambiguous ! and has not been well illustrated theoretically.
Although there were prospective studies on micrometastases
in 55 patients'”, 36 patients'® and 23 patients"” and surgical
margin in 40 patients”™ with PLC, they did not distinguish
patients with macroscopic tumor thrombi or macrosatellites
from those without macroscopic tumor thrombi or macto-
satellites. To ensure a complete clearance of micrometasta-
ses in surrounding liver, the minimal length of RM depends
on the farthest distance of histological micrometastasis. This
study was to describe the distribution of micrometastases in
the surrounding liver of patients with PLC, and the minimal
length of resection margin for hepatectomy.

MATERIALS AND METHODS

Specimens

From November 2001 to March 2003, 120 histologically
verfied PLC patients without macroscopic tumor thrombi
or macrosatellites or extrahepatic metastases underwent
curative hepatectomies (Table 1). Six hundred and twenty-
nine routine pathological sections from these patients
were re-examined retrospectively by light microscopy. In
the prospective study, hepatectomy was performed from
March to November 2003 for 76 histologically verfied
PLC patients without definite macroscopic tumor thrombi
or macrosatellites or extrahepatic metastases in preopera-
tive imaging (Table 1). Six hundred and forty-five patho-
logical sections from these patients, including 389 routine
pathological sections, were examined by light microscopy.
A computerized database was used to collect clinicopatho-
logical data of all patients in the prospective group, includ-
ing the macroscopic width and histological involvement of
surgical margin assessed by pathologists. Any postoperative
recurrence was entered into the database immediately after
diagnosis. No difference was found in age, sex, HBsAg (+)
and tumor size between the two groups (P > 0.05).

All surgical procedures were performed by the same
surgical team in Department of Hepatobiliary Surgery,
Eastern Hepatobiliary Surgery Hospital, Second Military
Medical University. All pathology slides were reviewed in-
dependently by two hepatobiliary pathologists.

Preparation of fresh specimens
The resected liver specimens were photographed and
then examined to measure the RM. Macroscopically, the

Table 1 Perioperative data of 196 cases of primary liver cancer

Retrospective group
Without Mt  Total

Prospective group
Without Mt With Mt

or Ms or Ms or Ms
Cases 120 76 58 18
Age (yr) 49.6 +11.5 508+11.4 524+11.0 454+11.2
(30-81) (24-78) (31-78) (24-65)
Sex (male/female)  100/20 63/13 47/11 16/2
TBIL (umol/L) 128+49 13.1+45 11.9+58
PALB (mg/L) 219 £ 59 222 +59 208 + 58
PT (s) 125+11 125+10 126412
HBsAg (+) 98 (81.7%)  65(85.5%) 49 (84.5%) 16 (88.9%)
Liver cirrhosis 103 (85.8%) 76 (100%) 58 (100%) 18 (100%)
or fibrosis
Size of tumor (mm) 584 +42.6 549+352 434+239 92.0+40.6
Tumor volume (cm’) 107 £203 54 +111 275 +320

Mt: macroscopic tumor thrombus; Ms: macrosatellite. TBIL: total bilirubin;
PALB: pre-albumin; PT: prothrombin time.

number of daughter tumor nodules, besides the dominant
lesion, were recorded, and the presence of macroscopic
tumor thrombi inside the lumens of the major venous sys-
tem and the level of its infiltrated venous branches were
also noted. The size of tumors and vertical, transverse
and anteroposterior dimensions of the specimens were
documented according to their different shapes and pho-
tographed before 3-6 rectangle specimens were cut in the
portal vein direction, hepatic vein direction and other di-
rections, which measured approximately 2 mm by 10 mm
in thickness and width, including 3-5 mm tumor and 10-25
mm liver parenchyma in length. The specimens were fixed
in 10% formalin and stained with hematoxylin and eosin
for microscopic examination.

In the presence of a multinodular lesion, the nodule
with the largest diameter was taken as the dominant nod-
ule except that 2-3 nodules were considered synchronous
multicentric liver carcinogenesis if they located in differ-
ent hepatic lobes with no significant difference in size, at
a distance beyond 5 cm and had no macroscopic tumor
thrombi. All the remaining macroscopically evident tumor
nodules, or daughter nodules, macroscopic tumor thrombi
and micrometastases were assumed to have radially dissemi-
nated from the dominant nodule without other preferred
direction except for portal vein and hepatic vein directions.

Correction for shrinkage

The tissue shrinkage rate secondary to the process of his-
tological slide preparation was estimated by comparing the
width of specimens from non-tumor liver in its final state
on the slide and its fresh state before formalin immersion.

Documentation of pathological features

Various pathological features were studied, including the
presence and absence of microsatellites, microscopic
tumor thrombi, fibrosis tumor capsules, and capsule inva-
sion (whether the tumor capsule was infiltrated partially
or completely by the tumor), or liver invasion (whether
the tumor infiltrated directly into the adjacent non-tumor
liver), and the distance of micrometastases.
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Table 2 Distribution of micrometastases in surrounding liver of

178 cases of primary liver cancer without macroscopic tumor
thrombi or macrosatellites

Table 3 Distribution of micrometastases in surrounding liver
of 18 cases of primary liver cancer with macroscopic tumor
thrombi or macrosatellites

Retrospective group (120 cases) Prospective group (58 cases)
Distance Cases Percent Accumulative

Cases Percent Accumulative

(mm) percent percent
0 94 78.3 78.3 85 60.3 60.3
1 9 7.5 85.8 8 13.8 74.1
2 10 8.3 94.2 4 6.9 81
&) 2 1.7 95.8 6 10.3 91.4
4 S 99.2 &) 52 96.6
5 1 0.8 100.0 2 3.4 100.0

Measurement of micrometastases
The size of all micrometastases detected in the adjacent
non-tumor liver was estimated by the microscope scale.
The shortest distance between the edges of the dominant
nodule and the farthest micrometastasis was considered
the distance of histological spread.

Statistical analysis

SPSS10.0 for Windows was used to compute the distribu-
tion of frequencies and SAS6.12 System to compute the
statistical significance of difference for unpaired data.
Time of recurrence and survival after recurrence were
determined by Kaplan-Meier analysis, and the relation be-
tween micrometastases and clinicopathological character-
istics was compared using the T stat test or Wilcoxon test.
P < 0.05 was considered statistically significant.

RESULTS

Micrometastasis in liver parenchyma surrounding the lesion
Of the 120 cases, 24 (20%) had no encapsulation, 54 (45%)
had incomplete encapsulation and 42 (35%) had almost
complete encapsulation. Seventy micrometastases were
found in the liver parenchyma surrounding the lesions in
26 cases (21.7%), among which 27 microsatellites were
found in 16 (1-10 per case), 12 microscopic tumor thrombi
in 6 (1-3 per case), and 26 microscopic tumor thrombi in 4
(3-15 per case) and microsatellites in 5 (1-2 per case). The
farthest distance of micrometastasis was 3.5 mm, 5.3 mm
and 6.0 mm in 95%, 99% and 100% cases, respectively
(Table 2).

Of the 76 cases, 12 (15.8%) had no encapsulation,
55 (72.4%) had incomplete encapsulation and 9 (11.8%)
had almost complete encapsulation. Among the 58 cases
free of macroscopic tumor thrombi or macrosatellites, 25
(43.1%) exhibited 149 micrometastases in the liver paren-
chyma surrounding the lesions, among which, 9 microsatel-
lites were found in 5 (1-3 per case), 69 microscopic tumor
thrombi in 12 (1-20 per case), and 37 microscopic tumor
thrombi in 8 (1-12 per case) and microsatellites in 34 (1-20
per case) (Figure 1A-C). The farthest distance of micro-
metastasis was 4.5 mm, 5.5 mm and 6.0 mm in 95%, 99%
and 100% cases, respectively (Table 2). In 18 cases with
macroscopic tumor thrombi or macrosatellites, 267 micro-
metastases were found in 14 (77.8%), 3 micrometastases
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Distance (mm) Cases Percent Accumulative percent
0 5 27.78 27.8
8] 7 38.89 66.7
6 B 16.67 83.3
9 0 0 83.3
12 1 5.56 88.9
15 1 5.56 944
18 1 5.56 100.0

in 1, 56 microscopic tumor thrombi in 5 (1-18 per case),
and 154 microscopic tumor thrombi in 8 (6-33 per case)
and microsatellites in 54 (2-11 per case) (Figure 1D and E).
The farthest distance of micrometastasis was 18.5 mm,
18.5 mm and 19.0 mm in 95%, 99% and 100% cases, re-
spectively (Table 3). As only 18 cases had macroscopic
tumor thrombi or macrosatellites and it was impossible to
obtain the liver parenchyma surrounding the lesion beyond
2 cm, the practical farthest distance should be greater than
18.5 mm. The tissue shrinkage rate was 89.7% £ 5.6%.

Relation between micrometastases and clinicopathological
characteristics

The yield rate of micrometastasis among patients with
incomplete encapsulation was statistically higher than
that among patients with no or complete encapsulation
(P < 0.05). The yield rate of micrometastasis in the liver
patenchyma surrounding the lesion was positively cot-
related with the preoperative serum AFP level (P < 0.01),
tumor size (P < 0.01) and presence of macroscopic tumor
thrombi or macrosatellites (P < 0.01) in patients with PLC
(Table 4).

DISCUSSION

Postoperative intrahepatic recurrence results either from
residual intrahepatic metastasis or from de novo tumor
due to the underlying hepatitis or liver cirrhosis”™ *Y. The
incidence of multicentric carcinogenesis in postoperative
tumor is around 50%*. Theoretically, hepatectomy for
PLC only resects the main tumor and surgical margin, the
high risk area of intrahepatic metastasis” . Of the 6 PLC
patients with only macrosatellites, 4 had no micrometasta-
sis, which may be synchronously multicentric carcinogenic.
In addition, of the 13 patients with 2-3 nodules who were
clinically considered to be synchronously multicentric cat-
cinogenic, only 4 had microsatellites without microscopic
tumor thrombi, while 1 of them had microscopic tumor
thrombi. Furthermore, treatment after postoperative re-
covery, aiming at the activity of hepatitis or liver cirrhosis,
may decrease recurrence due to metachronously multicen-
tric carcinogenesisngj. Therefore, the aim of hepatectomy
for PLC is not only to resect the main tumor and possible
micrometastasis but also to decrease postoperative mor-
bidity.

Up to date, prospective studies on micrometastases are
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Figure 1 Imaging (i), specimens (s) and microscopic pathology (mp) of 5 PLC patients. A: case 24, tumor size 12.0 cm x 11.0 cm x 10.5¢m, with microscopic tumor thrombi
(metastatic distance 6 mm, x 100); B: case 40, tumor size 4.0 cm x 3.8 cm x 3.5 cm, with microscopic capsular infiltration (x 200); C: case 58, tumor size 10.5 cm x 6.5 cm x 6.0
cm, with microscopic tumor thrombi (metastatic distance 2 mm, x 100); D: case 38, tumor size 6.5 cm x 4.0 cm x 3.6 cm, with macroscopic tumor thrombi in the branches of
right portal vein and microscopic tumor thrombi of arborization (x 16); E: case 52, tumor size 7.0 cm x 5.0 cm x 5.0 cm, with macroscopic tumor thrombi in the branches of
right portal vein and microsatellites (metastatic distance 3.5 mm, x 100).

only available from 55", 36" and 23 patients"” and surgi-
cal margin in 40 patients[zo] with PLC, but they did not dis-
tinguish patients with macroscopic tumor thrombi or mac-
rosatellites from those without them, and micrometastasis

from synchronously multicentric micro-foci. The farthest
: : . [17-20]
distance of micrometastasis’ '~ was more than 1.0 cm.
Clinical follow-up studies showed that although safety
margin at resection is not a prognostic factor, patients with

www.wjgnet.com
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Table 4 Relation between micrometastases and clinicopathological characteristics in 196 cases of primary liver cancer

Retrospective group

Prospective group

Parameters Cases Both mt One of mt None of mt P Cases Both mt One of mt None of mt P
and ms and ms or ms value and ms and ms or ms value
Encapsulation 120 <0.01 76 <0.01
No 24 1 2 21 12 1 5 6
Incomplete 54 3 17 34 55 16 17 22
Complete 42 0 3 39 9 0 0 9
AFP (pmol/L) 120 0.08 76 <0.01
<20 44 0 7 37 21 0 4 17
20-400 188) 0 6 27 22 2 8 12
> 400 43 4 9 30 88) 15 10 8
Size of tumor (mm) 111 0.1 76 <0.01
<20 10 0 1 9 7 0 1 6
20-30 23 1 8] 19 14 2 4 8
30-50 30 1 6 23 29 4 8 17
50-100 27 0 8] 24 15 6 6 ]
> 100 21 2 5 14 11 5 ] ]
Mt or Ms 76 <0.01
Mt and Ms 3 3 0 0
Mt 9 6 ] 0
Ms 6 0 2 4
None of both 58 8 18 32

Mt; microscopic tumor thrombus; ms: microsatellite. Incomplete encapsulation: part encapsulation or encapsulation breakthrough or with lesion inside

encapsulation.

a surgical margin of over 1 cm”™ are free from tumor re-
currence and a surgical margin of 0.5-1.0 em!™ does not
affect the prognosis and postoperative recurrence rate of
hepatectomy for HCC after hepatectomy. These findings
are not consistent with the reported results! .

In the present study, the farthest distance of micro-
metastasis was 3.5 mm, 5.3 mm and 6.0 mm in 95%, 99%
and 100% patients without macroscopic tumor thrombi or
macrosatellites, respectively, which is different from the re-
ported results of other prospective studies on micrometas-
tasis' ", but is in agreement with clinical follow-up stud-
ies""™. Because routine pathological sections, in which the
liver parenchyma surrounding the lesion obtained is rela-
tively less (0.2-1.0 cm), are mainly used to make diagnosis,
it was impossible to achieve accurate record of resection
margin and integrated clinical data for all PLC patients.
The result of our prospective study on micrometastasis in
PLC patients without macroscopic tumor thrombi or mac-
rosatellites or extrahepatic metastases showed that the far-
thest distance of micrometastasis was 5.5 mm and 6 mm
in 99% and 100% cases, respectively, which was in agree-
ment with that of our retrospective study. These findings
can explain the difference found in prospective studies on
micrometastases’ " and clinical follow-up studies ™.

In conclusion, the farthest distance of micrometastasis
is 18.5 mm and 19.0 mm in 99% and 100% of patients with
macroscopic tumor thrombi or macrosatellites, respectively.
The requited minimal length of RM is 5.5 mm and 6 mm
respectively to achieve 99% and 100% micrometastasis
clearance in surrounding liver of PLC patients without mac-
roscopic tumor thrombi or macrosatellites, and should be
greater than 18.5 mm to obtain 99% micrometastasis clear-
ance in patients with macroscopic tumor thrombi or macro-
satellites.
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