
Abstract. Background/Aim: This study aimed to obtain
accurate differential diagnosis (DDx) of multicentric
carcinogenesis (MC) and intrahepatic metastasis (IM) in
recurrent lesions of hepatocellular carcinoma. Materials and
Methods: A total of 79 patients who underwent re-
hepatectomy (2000-2013) were examined. PCR was used to
analyze 13 chromosomal microsatellite loci by PCR. On the
basis of this genetic analysis, the recurrent lesions were
diagnosed as IM, MC or not determined (ND). Subsequently,
DDx was compared with types of resection and outcome.
Results: The recurrent lesions were diagnosed as IM in 33
patients, MC in 44, and ND in 2. The anatomical resection
group included 14 IM lesions (28%) and 36 MC lesions
(72%), while the non-anatomical resection group included
19 IM lesions (70%) and 8 MC lesions (30%) (p<0.001).
Conclusion: Anatomical resection at initial hepatectomy may
reduce the likelihood of IM recurrence, leading to a better
outcome for patients with HCC.

Recurrence of hepatocellular carcinoma (HCC) after hepatic
resection may be in the form of either multicentric
carcinogenesis (MC) or intrahepatic metastasis (IM) (1), and
clinical differentiation between them is difficult. The General
Rules for the Clinical and Pathological Study of Primary
Liver Cancer (2, 3) consider that daughter lesions should be
diagnosed as IM if they have components of portal vein

tumour thrombi, or if tumours are growing in apparent
contiguity with these thrombi. This means that IM lesions
are distributed as multiple small satellite nodules surrounding
a larger primary tumour. On the other hand, when the
histopathological diagnosis is primary or recurrent well-
differentiated HCC, the tumour is usually considered to be
MC, as metastasis from well-differentiated HCC is
infrequent (3). Currently, there is no gold-standard diagnostic
criterion for determining whether such a recurrent lesion has
originated from IM or MC. Moreover, >40% of
postoperatively recurrent HCCs exhibit intranodular vascular
changes, making the findings of computed tomography
inconsistent between primary and recurrent HCC (4). For
this reason, the ability of diagnostic imaging to differentiate
between IM and MC is limited. In this context, genetic
diagnosis using microsatellite analysis may be more useful
than histopathological diagnosis (5), as this allows evaluation
of tumour clonality (6). In general, decisions pertaining to
hepatic resection are based on liver function and remnant
liver volume. Several studies have demonstrated that
anatomical resection provides longer relapse-free and overall
survival periods (7-9), although the reason for this remains
unclear and is contentious. In the present study we, therefore,
examined the accuracy of differential diagnosis (DDx) using
genetic analysis of microsatellites in recurrent HCC, and
explored the reasons why anatomical resection has a positive
impact on prognostic outcome.

Patients and Methods 
Patients. The retrospective design of this study (0054629) was
reviewed and approved by the institutional review board. Between
April 2000 and October 2013, 537 patients with primary HCC
underwent anatomical or non-anatomical resection for the first time
at our department. After excluding cases involving multiple
recurrent lesions and relapse-free patients, a total of 79 patients with
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one recurrent lesion who subsequently underwent repeat
hepatectomy on the basis of our departmental criteria (described
below) were included in the study (Figure 1). 

Liver resection. The indications for hepatic resection and the type
of operative procedure used were based on the criteria of Makuuchi
(10). Liver function was evaluated using the indocyanine green
retention rate (0.5 mg/kg) at 15 min (ICGR15), and a value of <10%
was considered normal (11). In addition, the presence or absence of
ascites and the serum total bilirubin level were considered important
factors for selection of the hepatectomy procedure. The resection
procedure, either anatomical or non-anatomical, was selected based
on the patient’s liver function and remnant liver volume. In
principle, non-anatomical resection is employed for re-hepatectomy. 

Tissue samples. Paraffinized 10-μm-thick sections of the primary and
recurrent HCC specimens and the corresponding non-tumorous liver
tissues were used for PCR analysis. The tissues had been previously
fixed using buffered formalin, embedded in paraffin using standard
methods, and confirmed to be HCC based on histopathological
examination. The sections were deparaffinised and digested using
proteinase K, and the genomic DNA of each sample was isolated using
a QIAamp tissue kit (Qiagen Inc. Venlo, Netherlands).

Microsatellite analysis. We examined 13 chromosomal
microsatellite loci (D1S233, D1S407, D3S1539, D8S277, D8S261,
D9S156, D9S254, D10S520, D13S284, D16S515, D4S1554,
D17S513, and TP53) in 237 specimens (non-cancerous liver tissue,
carcinoma tissue from the first hepatectomy, and carcinoma tissue
from the re-hepatectomy) from 79 patients to detect loss of
heterozygosity (LOH) on the chromosome arms using relatively
frequent HCC loci that had been described in previous reports (12-
23). The PCR primers were synthesised based on the genome
sequences in a genome database. PCR was performed using a
HotStarTaq Plus Master Mix Kit with >10 ng of the extracted
genomic DNA. The reaction was performed in a thermocycler, with
an initial denaturation of 5 min at 94˚C, followed by 30 cycles of
94˚C for 1 min, 63˚C for 1 min, and 72˚C for 1 min, and a final
elongation of 10 min at 72˚C. The PCR products were analysed
using an Agilent 2100 bioanalyser. 

The existence of LOH or microsatellite instability (MSI) was
determined by comparing the primary or recurrent tumour tissues
with the corresponding normal liver tissues. LOH is a gross
chromosomal event that results in loss of the entire gene and the
surrounding chromosomal region (24). MSI is a condition of genetic
hypermutability that results from impaired DNA mismatch repair.
The presence of MSI is phenotypic evidence that mismatch repair
is not functioning normally (25). When two or more amplified
bands per locus were detected in normal liver tissues, the case was
defined as informative for the analysis. For every informative
marker, LOH was defined as one of the two bands being absent
when tumour tissue was compared to normal tissue. MSI was
defined as a band shift in one or two alleles or the presence of novel
bands in the two alleles in the tumour samples (Figure 2). When the
band pattern was the same between the primary lesion and recurrent
lesion, the lesion was diagnosed as retention (R) because these
lesions exhibited retention of heterozygosity and retained the same
genetic characteristics in the locus. 

Each specimen was classified as retention R, LOH, MSI, or not
determined (ND). When a change from MSI to R and/or LOH to R

and/or LOH to LOH at another site was detected, the lesion was
diagnosed as MC. When there were no changes (including R to
LOH or MSI), the lesion was diagnosed as IM. Ambiguous cases
were diagnosed as ND (Table I). Based on the diagnostic findings
regarding IM and MC, computed tomography findings, pathological
findings, overall survival, recurrence-free survival, and hepatectomy
procedures (anatomical or non-anatomical) were compared between
the two groups. 

Ethical approval and consent to participate. All procedures
performed in this study were in accordance with the ethical
standards of the ethics committee of Dokkyo Medical University
(approved number 0054629) and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Statistical analysis. All data were analysed using SPSS software
(version 19.0; SPSS Inc., Chicago, IL, USA). Continuous variables
are reported as the median and range, and were compared using the
Mann-Whitney U-test. Categorical variables are reported as a number
and percentage, and were compared using Fisher’s exact test.
Multivariate logistic regression analyses were used to identify risk
factors for pathological portal vein invasion. The disease-free and
overall survival rates were calculated using the Kaplan–Meier method
and compared using the log-rank test. Univariate and multivariate
analyses were performed to identify risk factors for HCC recurrence
with pathologic portal vein invasion using the Cox regression model.
Differences at p<0.05 were considered statistically significant.

Results

Patient characteristics (Table II). The 79 patients included
60 men and 19 women, with a median age of 67 years; 69
of 79 patients suffered from viral hepatitis B or C. Fourteen
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Figure 1. Flow diagram of study. A total of 537 patients with primary
HCC underwent anatomical or non-anatomical resection for the first
time at our department. After excluding patients with multiple recurrent
lesions and patients who were relapse-free, a total of 79 patients with
one recurrent lesion who subsequently underwent repeat hepatectomy
on the basis of our departmental criteria were included in the study.



patients had normal liver function, and 65 patients had
impaired liver function (ICGR15 >10%) (26, 27). There were
no cases of postoperative liver failure or death after repeated

hepatectomy. For initial hepatectomy, 50 patients underwent
anatomical resection (hepatic lobectomy, segmentectomy,
and subsegmentectomy), and 29 underwent non-anatomical
resection (partial resection). Based on the AJCC/UICC
disease staging system (28), 15 patients were stage I, 38
were stage II, 21 were stage III, and 5 were stage IV. In
terms of tumour differentiation, 17 patients had well
differentiated tumours, 56 had moderately differentiated
tumours, and 6 had poorly differentiated tumours.

Comparison between IM and MC. Among the 79 patients, 44
were diagnosed as having MC lesions and 33 as having IM
lesions, although 2 cases remained ND after analysis (Figure 3).

i) Clinicopathological data. The anatomical resection
group included 14 IM lesions (28%) and 36 MC lesions
(72%), while the non-anatomical resection group included 19
IM lesions (70%) and 8 MC lesions (30%) (p=0.0003). The
incidence of IM and MC lesions was associated with
anatomical or non-anatomical resection. However, the
incidence of IM and MC was not influenced by any
pathological features after primary resection (tumour-related
factors, normal liver factors, tumour grade, growth pattern,
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Table I. Diagnostic scheme. When LOH to R and/or LOH to LOH was
detected, the lesion was diagnosed as MC. When there were no changes
including R to LOH or MSI, the lesion was diagnosed as IM. When it
was difficult to assign the lesion to either group, it was diagnosed as
ND. When R to LOH and/or R to MSI was detected, the lesion was
diagnosed as ND. Similarly, when MSI to MSI (MSI*) was detected, the
lesion was diagnosed as ND.

Primary lesion                      Recurrent lesion                     Diagnosis

LOH                                                  R                                      MC
LOH                                              LOH*                                     
MSI                                                   R                                         
LOH                                               LOH                                    IM
R                                                        R                                         
MSI                                                 MSI                                       
R                                                     LOH                                    ND
R                                                     MSI                                       
MSI                                                MSI*                                      

Figure 2. Typical electophoretic patterns of LOH at D1S233 and MSI
at D16S515 in case 26. LOH was defined as one of the two bands being
absent (arrowheads indicate the disappearance of the two bands) in
tumour tissues compared to normal tissues. MSI was defined as a band
shift in one or two alleles or the presence of novel bands in the two
alleles (arrowheads show the appearance of the two novel bands) in
tumour samples.

Table II. Patient characteristics at the first hepatectomy.

Characteristics                                                       Total patients
                                                                                     (n=79)

Age: yr                                                              41-84(Median:66.5)
Gender: male/female                                                    60/19
Viral infection
   HBV(+)HCV(–)                                                         17
   HBV(–)HCV(+)                                                         51
   HBV(+)HCV(+)                                                           1
   HBV(–)HCV(–)                                                         10
Tumor grade
   Well differentiated                                                     17
   Moderately differentiated                                          56
   Poorly differentiated                                                    6
Liver histology
   Normal (f0)                                                                  4
   Chronic hepatitis (f1, f2)                                           23
   Cirrhosis (f3, f4)                                                        52
ICG15
   <10%                                                                          14
   10-20%                                                                       39
   >20%                                                                          26
Stage
   Ⅰ                                                                                   15
   Ⅱ                                                                                 38
   Ⅲ                                                                                21
   Ⅳ                                                                                  5
Operation
   Anatomical resection                                                 50
   Non-anatomical resection                                          29

HBV: Hepatitis B virus; HCV: hepatitis C virus; F: fibrosis of the liver.
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Figure 3. Results of analysis of 13 microsatellites. Thirteen chromosomal microsatellite loci (D1S233, D1S407, D3S1539, D8S277, D8S261, D9S156,
D9S254, D10S520, D13S284, D16S515, D4S1554, D17S513 and TP53) were analyzed using the PCR-based microsatellite polymorphic method in
79 patients (237 lesions: non-cancer liver tissue, carcinoma at first hepatectomy and carcinoma at re-hepatectomy, respectively), and were assigned
to retention (R), loss of heterozygosity (LOH), LOH at the other site (LOH*), microsatellite instability (MSI) or not detected (ND). They were then
diagnosed by microsatellite analysis.



capsule formation, capsule infiltration, septum formation,
and portal vein infiltration) (Table III). 

ii) CT findings (Table IV). The changes in computed
tomography findings are summarised in Table IV; none of
the patterns of change were associated with MC or IM, and
these lesions were difficult to differentiate based on imaging
findings alone. Specifically, 32 of 33 IM cases and 42 of 44
MC cases showed the same low-high-low pattern as the
primary lesion. Other than these cases, there was a small
number of examples of other patterns.

iii) Pathological findings (Table V). The changes in
pathological differentiation are summarised in Table V; it was
difficult to differentiate between IM and MC lesions based on
changes in pathological differentiation, even though several
patterns of pathological changes were evident, as shown in
Table V. Specifically, 21 IM cases showed moderately
differentiated adenocarcinoma in the primary lesions and the
same differentiated status in the recurrent lesions. In 16 IM
cases, the primary lesions showed moderately differentiated
adenocarcinoma, and the recurrent lesions revealed well
differentiated adenocarcinoma. A change from well
differentiated to moderately differentiated adenocarcinoma
was found in 8 patients. On the other hand, in 21 MC cases,
the same moderately differentiated adenocarcinoma status was
evident in both the primary and secondary lesions. 

Outcome. The median overall survival and relapse-free
survival periods were 116 months [95% confidence interval
(CI)=107-125] and 20 months (95%CI=12-29), respectively
(Figure 4a and b). The 1-, 3-, and 5-year overall survival
rates and relapse-free survival rates after the first hepatic
resection were 98.7%, 90.9% and 77.9%, and 74.0%, 41.6%,
and 16.9%, respectively (Figure 4a and b). The median
overall survival periods for patients with IM and MC were
114.3 months and 151.4 months, respectively (p=0.0454),
and the median relapse-free survival times were 13.5 and
28.2 months (p<0.0001), respectively (Figure 4c and d). The
correlations between the types of recurrence and survival of
the 77 patients (33 IM cases and 44 MC cases) are shown in
Figure 4c and d. Cox regression analysis revealed that
patients with MC exhibited a higher overall survival rate
than those with IM (hazard ratio=1.830, 95%CI=1.013-
3.309). Patients with MC also exhibited a higher relapse-free
survival rate than those with IM (hazard ratio=8.794,
95%CI=4.593-16.84).

Discussion

This study investigated the effectiveness of DNA
microsatellite analysis for DDx of recurrent HCC in relation
to clinical features. The results suggested that microsatellite
analysis might be the only means to differentiate between
MC and IM accurately, and that anatomical resection at

initial hepatectomy may reduce the likelihood of IM
recurrence, leading to a better outcome.

Microsatellite analysis is used for genetic fingerprinting
of individuals, and previous reports have suggested that it is
useful for identifying specific oncological features. In
relation to HCC, Morimoto et al. first used microsatellite
analysis to distinguish between IM and MC in 2003 and
demonstrated that genetic diagnosis may be the most
accurate approach for DDx between IM and MC. In 2008,
this technique was proved to be accurate for distinguishing
between MC and IM on the basis of clonality (6). Some
more recent studies have revealed that a high frequency of
MSI in any type of cancer is strongly correlated with the
effect of PD-1 inhibitors (29, 30).  

Accordingly, in the present study, we investigated the
clinical features of IM and MC and the accuracy of DDx using
microsatellite analysis. In clinical settings, however,
microsatellite analysis may not be suitable as a standard
method for differentiating between IM and MC in view of its
labor intensiveness and high cost. Therefore, 13 microsatellite
markers, previously proven to be representative markers of
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Table III. Clinicopathological correlations between IM and MC.

Primary lesion                        IM       MC     p-Value   Odds      95%Cl
parameter                              (n=33) (n=44)                   ratio

Resection
  Anatomical                           14        36        0.0003    6.11    2.18-17.13
  Non-anatomical                    19          8
Non-tumorous liver
  Normal                                    3          4
  Chronic hepatitis                    9        12        0.53           -               -
  Cirrhosis                               21        28
Tumor grade
  Well differentiated                 7        10
   Moderately differentiated      23        31        0.93           -               -
  Poorly differentiated              3          3
Growth Pattern
  Eg                                          31        43        0.40        0.36     0.27-1.46
  Ig                                             2          1
Formation of capsule
  Fc–                                        11        18        0.50        0.72     0.28-1.85
  Fc+                                        22        26
Infiltration of capsule
  Fc-Inf–                                  21        30        0.68        0.82     0.32-2.11
  Fc-Inf+                                  12        14
Septum formation
  Sf–                                        14        21        0.64        0.81     0.33-2.00
  Sf+                                        19        23
Portal vein invasion
  Vp–                                       28        36        0.73        1.24     0.39-4.22
  Vp+                                         5          8

Eg: Expansive growth; Ig: infiltrative growth; Fc: capsule formation;
Fc-Inf: cancerous infiltration of the capsule; Sf: formation of fibrous
septum within the tumor; Vp: portal vein invasion.



LOH and MSI were carefully selected (10-21). First, 9
microsatellite markers were analyzed, but DDx was achieved
in only 71 cases (88.9%). To achieve diagnosis in ND cases,
we added 4 additional microsatellite markers, and this allowed
us to achieve DDx in a final total of 77 cases (97.5%). Of
course, it may have been possible to distinguish IM from MC
in the remaining 2 ND cases if more markers had been
employed. In general, the frequency of MSI and LOH in HCC
is low. Because our study was based on the occurrence of MSI
and LOH in microsatellite markers, we considered the total of
13 markers to be the limit for this method. Admittedly,
however, innovative next-generation sequencing has now
made it possible to obtain genetic information on a more
individual basis, and thus more accurate distinction between
IM and MC might be feasible. In fact, using next-generation
sequencing, Furuta et al. have already reported the genetic
features of IM and MC in 24 patients (31). 

As mentioned above, as patients with severe liver
dysfunction cannot undergo anatomical resection, distinction
between IM and MC has no relevance for selecting the type
of liver resection. In the present study, however, we were not
only able to distinguish between IM and MC accurately, but
also demonstrated a relationship between anatomical
resection and the mode of recurrence: patients who had
undergone anatomical resection were more likely prone to
have recurrence in the form of MC and longer relapse-free
survival. This appears to provide, for the first time, a
plausible rationale for performing anatomical resection on

the basis of genetic analysis, on the condition that patients
have sufficiently good liver function. In this context, short-
term and careful observation after non-anatomical resection
would be desirable for earlier discovery of recurrent IM
lesions. 

Some previous studies have identified high rates of IM in
larger tumours (>90% for those with a diameter of ≥5 cm),
suggesting a close relationship between IM and portal vein
invasion for such tumours (32-37). Nevertheless, the
mechanisms underlying these clinical features have remained
unclear, and previous studies did not address recurrence after
removal of the first primary HCC. Consequently, no criteria
for distinguishing between IM and MC recurrence have been
established. 

With regard to CT findings, most of the primary and
recurrent lesions showed the same low-high-low
hemodynamic pattern, which reduced the utility of CT for
DDx. With regard to pathology, even though the primary
lesion was moderately differentiated adenocarcinoma in 8 of
33 IM cases, the recurrent lesions were well differentiated.
This finding was surprising because on the basis of
oncological principles we had expected that IM from a well
differentiated primary tumour would have shown a
moderately or poorly differentiated histology. Although the
reason for this remained unclear, it must be acknowledged
that the potential for differentiation of a recurrent tumour is
not determined by the whole of the primary tumour tissue.
Therefore, diagnosis of differentiation on the basis of
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Table IV. Changes in CT imaging patterns were analysed based on density level determined by dynamic CT. Arterial, portal and venous phases are
shown in sequence.

Primary lesion                         Recurrent lesion                            IM (n=33)                        MC (n=44)                        ND (n=2)                        p-Value

Low-High-Low                        Low-High-Low                                   32                                      42                                      -
Low-Iso-Low                           Low-High-Low                                     1                                        -                                       1                                   n.s
Low-Iso-Low                             Low-Iso-Low                                      -                                        1                                       1
Low-High-Low                          Low-Iso-Low                                      -                                        1                                       -

Low: Low-density lesion; Iso: isodense lesion; High: high-density lesion.

Table V. Changes in the pathological patterns.

                                                                   IM (n=33)                                    MC (n=44)                                       ND (n=2)                                   p-Value

Pathological difference patterns               Mod→Mod              21                 Mod→Mod              20                    Mod→Mod             1
                                                                  Well→Mod               1                  Well→Mod               8                     Well→Mod             1                         
                                                                  Mod→Well               8                  Mod→Well              16                                                                            n.s
                                                                   Mod→Por                1
                                                                   Por→Mod                1
                                                                  Well→Well               1

Well: Well differentiated carcinoma; Mod: moderately differentiated carcinoma; Por: poorly differentiated carcinoma; n.s: not statistically significant.



isolated parts of solid tumours may not be accurate. Another
unexpected finding was that in 20 of 44 MC cases,
moderately differentiated adenocarcinoma showed no change
in histological differentiation. This made it difficult to
differentiate between IM and MC based on histological
differentiation alone, and our findings suggested that both
methods are inadequate for making an accurate DDx. 

With regard to the prognosis of patients with HCC
recurrence, some studies have reported that the outcome of
those with MC is significantly better than that of those with
IM (38-41). Moreover, several meta-analyses have reported
that anatomical resection (AR) is superior to non-anatomical
resection (NAR) of HCC in terms of survival rate and local

recurrence (42, 43). However, no reports have clearly
described the relationship between cause and effect, or
provided proof based on genetic data.

Subgroup analyses revealed that patients who underwent
AR were more likely to suffer MC recurrence than IM
recurrence, while NAR tended to be associated with a higher
incidence of IM recurrence. In other words, AR appeared to
reduce IM recurrence. Admittedly, the multivariate Cox
regression model was not applied because our sample size
was small and thus inappropriate. However, on the basis of
an approach that yields an accurate DDx, this may be the
first prospective study to have provided evidence to explain
the prognostic superiority of AR over NAR. Additionally, our
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Figure 4. Overall survival, relapse-free survival. Overall survival according to IM and MC and relapse-free survival according to IM and MC. The
median overall survival and relapse-free survival rates were 116 months [95% confidence interval (CI) 107-125 months] and 20 months (95%CI=12-
29 months), respectively (a and b). The 1-, 3-, and 5-year overall survival rates and relapse-free survival rates after initial hepatic resection were
98.7%, 90.9% and 77.9%, and 74.0%, 41.6%, and 16.9%, respectively (a and b). The median overall survival periods of patients with MC and IM
were 151.4 and 114.3 months, respectively, the difference being significant (p=0.0454) (c). The median relapse-free survival periods for MC and
IM patients were 28.2 and 13.5 months, respectively (p<0.0001) (d). Cox regression analysis also demonstrated a significant difference between
the two groups. The overall survival rate of MC patients was significantly higher than that of IM patients (HR 1.830, 95%CI=1.013-3.309) and the
relapse-free survival rate of MC patients was significantly higher than that of IM patients (HR 8.794, 95%CI=4.593-16.84).



findings indicate that MC is associated with a longer
recurrence-free survival period than is the case for IM. One
possible reason for this may be that the tumour-feeding
vessel is normally an artery, and that the portal venous
system provides drainage, which may explain why these
tumours exhibit intra-portal invasion at an early stage. This
invasion may also contribute to the high rate of IM. Thus,
anatomical resection may extirpate potential IM lesions,
reducing the risk of IM from HCC, which would help
prolong both the recurrence-free and overall survival periods.
In other words, suppression of IM, which is predicted to
recur along the portal vein, may help extend subsequent
recurrence-free survival. 

On the other hand, several study limitations should also be
acknowledged. First, we did not consider the surgical margin,
as we deliberately excluded cases with no surgical margin. A
sufficient amount of both normal liver tissue and carcinoma
is required to obtain a sufficient amount of DNA for accurate
genetic analysis. If there had been no surgical margins in the
paraffin sections, sufficient amount of DNA could not have
been obtained. In addition, because the study was focused on
the relationship between outcome and type of resection based
on accurate diagnosis, exclusion of cases with no surgical
margins was considered reasonable and proper for the
purposes of this study. Second, just one recurrent lesion was
chosen for analysis for two major reasons. One is that we
were unable to obtain tissue samples from cases involving
multiple foci of recurrence. This is because, for oncological
reasons, patients having multiple recurrent lesions are not
eligible for resection. The other reason is that we considered
the number of cases requiring analysis would be extremely
large. Hepatectomy and re-hepatectomy are usually
performed in patients with fewer than three tumours. If all of
these lesions had been included, a large number of possible
combinations of patterns would have been created for genetic
analysis. For this reason, in the present study, we only
focused on cases involving a single recurrent lesion to allow
accurate comparison of the primary and recurrent lesions
using microsatellite analysis. 

In conclusion, microsatellite analysis of HCC can allow for
accurate differentiation between MC and IM. Recurrent lesions
after anatomical resection are more likely to be MC, whereas
recurrence after non-anatomical resection is more likely to be
IM. Although the number of patients examined was limited and
further assessment of accumulated recurrent cases will be
necessary, our results suggest that recurrence of HCC soon
after initial hepatectomy is likely to be IM and that selection
of anatomical resection as a procedure for initial hepatectomy
may help reduce the likelihood of IM recurrence.
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