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Significance of the surgical hepatic resection margin in patients
with a single hepatocellular carcinoma
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Background: The impact of a wide surgical margin on the outcome of patients with hepatocellular
carcinoma (HCC) has not been evaluated in relation to the type of liver resection performed, anatomical
or non-anatomical. The aim of this study was to evaluate the impact of surgical margin status on outcomes
in patients undergoing anatomical or non-anatomical resection for solitary HCC.

Methods: Data from patients with solitary HCC who had undergone non-anatomical partial resection
(Hr0 group) or anatomical resection of one Couinaud segment (HrS group) between 2000 and 2007 were
extracted from a nationwide survey database in Japan. Overall and recurrence-free survival associated with
the surgical margin status and width were evaluated in the two groups.

Results: A total of 4457 patients were included in the Hr0 group and 3507 in the HrS group. A
microscopically positive surgical margin was associated with poor overall survival in both groups. A
negative but 0-mm surgical margin was associated with poorer overall and recurrence-free survival than a
wider margin only in the Hr0 group. In the HrS group, the width of the surgical margin was not associated
with patient outcome.

Conclusion: Anatomical resection with a negative 0-mm surgical margin may be acceptable.
Non-anatomical resection with a negative 0-mm margin was associated with a less favourable survival
outcome.
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Introduction tumour cells spread through the portal venous system!!.
However, others!>!* have stressed the importance of the
width of the surgical margin, arguing that anatomical
resection is not necessarily required when a wide (more
than 1cm) tumour-free surgical margin can be attained.
Furthermore, although a recent meta-analysis'* demon-
strated a survival benefit for anatomical resection, some

disease. case—control studies'* ~!7 using propensity score matching

Surgical resection remains the mainstay of treatment for
hepatocellular carcinoma (HCC). However, the indications
and feasibility of operative procedures are restricted by
both tumour characteristics and functional liver reserve,
as most patients with HCC have underlying chronic liver

Regarding operative procedures for curative resection of
HCC, some authors! 1% have emphasized that anatomical
resection (complete removal of tumour-bearing portal ter-
ritory) should be done whenever feasible. The reason for
this is supported theoretically by the perspective that HCC
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have failed to show this benefit.

Following anatomical resection of the liver, hep-
atic venous tributaries running between liver seg-
ments/subsegments and/or the hepatic hilum appear
on the cut surface of the liver. Therefore, when the HCC
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Fig. 1 Imaging and pathological appearance of hepatocellular carcinoma attaching to a major hepatic vein

a HCC with tumour capsule

b 3p images of relationship between
tumour and major vessels

C 3D images of relationship between
tumour and major vessels

d Exposure of capsule after
anatomical resection

) §

a Hepatocellular carcinoma (HCC) with tumour capsule located adjacent to the middle hepatic vein (arrow). b,c The relationship between the tumour
and major vessels is presented using simulation three-dimensional (3D) software (SYNAPSE VINCENT®; Fujifilm, Tokyo, Japan). d After performing

an anatomical resection, the tumour capsule is exposed on the raw surface of the resected specimen (arrows).

is attached to a major hepatic vein and/or the hepatic
hilum, the tumour capsule is exposed on the raw surface
of the resected specimen (Fig. Ia—d). As most classical
HCCs have tumour capsules, such a situation does not
necessarily indicate a microscopically positive surgical
margin (SM(+)), although the width of the surgical margin
is 0mm (denoted as SMO(-)). Such a situation may also
happen during non-anatomical partial resections aimed at
preserving as much of the functioning liver parenchyma
as possible, especially in patients with cirrhosis. However,
the impact of SMO(-) status has not yet been clarified®.

In the present study, the significance of the surgical
margin in patients with HCC undergoing anatomical or
non-anatomical partial resection was investigated using
nationwide survey data. Special attention was paid to the
impact of SMO(-) status on the outcomes of anatomical
resection.
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Methods

The Liver Cancer Study Group of Japan has been con-
ducting biannual nationwide surveys of patients with
primary liver cancer since 1965, and has updated the
survival data of enrolled patients. More than 600 insti-
tutions in Japan have participated in the surveys, with
the approval of each institution, and have answered more
than 180 questionnaires regarding patient characteristics,
diagnostic findings, treatment selection, treatment find-
ings and patient outcomes. In the first step, physicians
at the participating institutions completed the question-
naire and checked the accuracy of the data. In the second
step, the nationwide survey committee checked the data;
whenever there were unusual data, the participating insti-
tution was requested to confirm the data to ensure their
accuracy.
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Fig. 2 Overall and disease-free survival in patients with hepatocellular carcinoma who had a non-anatomical partial resection

a OSin SM(+) and SM(-) groups b DFsin SM(+) and SM(-) groups
1-0 1-0
_ 08 S o8
2 z
2 0 o 0.
; 06 p 0-6
g 04| § 0-4
> ©
Q
© 02 2 021
a
| | | | | | | | | |
0 12 24 36 48 60 0 12 24 36 48 60
Time after surgery (months) Time after surgery (months)
No. at risk No. at risk
SM(+) 200 146 105 82 50 34 SM(+) 198 123 79 55 33 21
SM(-) 4071 3054 2199 1552 993 605 SM(-) 4045 2562 1576 998 587 323
C OSin SMO(-) and SM>0 groups d pFsin SMO(-) and SM>0 groups
1-0 1-0
_ 08 S os
2 g
>
£ 06 ® 06
? 8
= =
S 041 o 04
g 2
o 02 = 8 02 =
a
I I I I I I I I I I
0 12 24 36 48 60 0 12 24 36 48 60
Time after surgery (months) Time after surgery (months)
No. at risk No. at risk
SMO(-) 328 242 170 106 60 35 SMO(-) 324 194 112 58 31 17
SM>0 2157 1634 1179 847 555 349 SM>0 2150 1380 843 547 330 197

a Overall (OS) and b disease-free (DFS) survival curves comparing patients who had a non-anatomical partial resection (Hr0) with a positive (SM(+)) or
negative (SM(-)) surgical margin. ¢ OS and d DFS curves comparing patients in the Hr0 SM(-) subgroup who had a surgical margin width of 0 mm
(SMO(-)) or greater than 0 mm (SM > 0). a P <0-001, b P = 0-050, ¢ P = 0-042, d P = 0-004 (log rank test).

Table 1 Background parameters in patients who had a non-anatomical partial resection with surgical margin width of 0 mm or greater
than 0 mm
Hr0 SMO(-) (n = 334) Hr0 SM >0 (n = 2202) P+

Total bilirubin (mg/dl)* 0-83(+0-38) 0-87(1-34) 0-554
Albumin (g/dI)* 3.80(0-51) 3.84(0-49) 0-255
Prothrombin time (%)* 85.1(13-2) 84.8(15-3) 0775
Platelet count (x 10%/pl)* 13.3(7-3) 13.3(6-3) 0-870
ICGR15 (%)* 19-6(11-0) 18-6(11-1) 0-109
Child-Pugh grade n =330 n = 2007 0-516%

A 289 1751

B 41 248

(¢} 0 8
Tumour size (cm)* 3-47(2-07) 3.65(3-76) 0-408

*Values are mean(s.d.). Hr0, resection of less than one Couinaud segment (non-anatomical partial resection); SMO(-), negative surgical margin of width
0 mm; SM > 0, surgical margin width greater than 0 mm; ICGR15, indocyanine green retention rate at 15 min. {Student’s # test, except ) test.
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Fig. 3 Overall and disease-free survival in patients with hepatocellular carcinoma who had an anatomical resection
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a Overall (OS) and b disease-free (DFS) survival curves comparing patients who had an anatomical resection (HrS) with a positive (SM(+)) or negative
(SM(-)) surgical margin. ¢ OS and d DFS curves comparing patients in the HrS SM(—) subgroup who had a surgical margin width of 0 mm (SMO0(-)) or
greater than 0 mm (SM>0). a P =0-053, b P = 0-498, ¢ P = 0-969, d P = 0-904 (log rank test).

Patients

Data collected from the 16th, 17th, 18th and 19th
Liver Cancer Study Group of Japan nationwide surveys
(2000-2007) were used. Among new patients registered
during the study period, those fulfilling the following
criteria were extracted: a solitary tumour detected on
imaging; histopathologically proven HCC; and treated
by hepatic resection with curative intent. In addition, the
extent of hepatic resection was investigated, and patients
who had undergone partial resection of less than one
Couinaud segment'” (Hr0 group) and those who had
had resection of one Couinaud segment (HrS group)

© 2019 BJS Society Ltd
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were identified. These patients served as the population
for the present study. In the survey, the surgical method
employed for a segmentectomy (such as staining tech-
nique, hilar approach and compression technique) was not
investigated.

In the Hr0 and HrS groups, the surgical margin status
(SM(+) or SM(-)) and the width of the surgical margin
were investigated. In particular, patients with a surgical
margin of 0 mm, with exposure only of the tumour cap-
sule, were defined as having SMO(-), and were assessed
separately. The relationship between margin status and
patient outcomes was evaluated.

www.bjs.co.uk B7S2020; 107: 113-120

ge0z ¥snbny g} uoisenb Ag 2801Z1L9/EL L/L/L0L/B191KE/SIG/WOod dno"dlWwapede//:sd)Y Woly papeojumod



Significance of the surgical resection margin in hepatocellular carcinoma

117

Table 2 Background parameters in patients who had an anatomical resection with surgical margin width of 0 mm or greater than 0 mm

HrS SMO(-) (n = 201)

Total bilirubin (mg/dl)* 0-81(0-30)
Albumin (g/dl)* 3-88(0-51)
Prothrombin time (%)* 86-1(14-3)
Platelet count (x 10%/pl)* 14.9(6-3)
ICGR15 (%)* 15-8(8-7)
Child-Pugh grade n=196

A 177

B 18

(¢} 1
Tumour size (cm)* 4.26(2-57)
AFP (ng/ml)* 2441(9433)
PIVKA-II (munits/ml)* 1069(1741)
Tumour differentiation n=193

Well 157

Moderate/poor 36

HrS SM> 0 (n = 1664) P+
0-80(0-46) 0-782
3.09(0-48) 0-719
86.7(15-2) 0-624

14.9(67) 0-961
15.7(9-6) 0-988
n=1614 0-991%
1469
142
3
3-63(2-72) 0-002
1686(6804) 0-330
885(1607) 0-269
n = 1560 <0.001%
1416
144

*Values are mean(s.d.). HrS, resection of one Couinaud segment (anatomical resection); SMO(—), negative surgical margin of width 0 mm; SM > 0, surgical
margin width greater than 0 mm; ICGR15, indocyanine green retention rate at 15 min; AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K

antagonist II. $Student’s # test, except iy’ test.

Statistical analysis

Background liver function parameters and tumour char-
acteristics were compared using the Student’s # test,
Mann-Whitney U test or the y’ test, as appropriate.
Survival curves were generated using the Kaplan—Meier
method and compared with the log rank test. Cut-off val-
ues of the width of the surgical margin for recurrence-free
survival and overall survival (OS) were identified using
receiver operating characteristic (ROC) curve analysis. To
examine significant factors for OS and disease-free survival
(DFS) in the Hr0 and SM(—) groups, Cox proportional
hazard models were generated. Analyses were conducted
using IBM SPSS® version 24 (IBM, Armonk, New York,
USA) and BellCurve for Excel (Social Survey Research
Information, Tokyo, Japan). Differences were considered
significant at P < 0-050.

Results

During the study interval, 83 540 new patients with HCC
were registered and followed up prospectively. Data
for 14075 patients who met the inclusion criteria were
extracted, 4457 in the HrO group and 3507 in the HrS
group. The remaining 6111 patients had undergone other
surgical procedures, and were excluded.

Analysis of patients having non-anatomical partial
resection

Among the 4457 patients in the HrO group, the surgi-
cal margin was microscopically positive (SM(+)) in 204,

© 2019 BJS Society Ltd
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microscopically negative (SM(-)) in 4178, and unknown
in 75. OS in the SM(+) group was significantly lower
than in the SM(-) group (P<0-001) (Fig. 24), and DFS
also showed a tendency to more unfavourable survival
(P = 0-050) (Fig. 2b).

In the 4178 patients with SM(-) status, the width of
the surgical margin was 0 mm (SMO(-)) in 334 patients,
more than 0 mm (SM > 0) in 2202, and unknown in 1642.
Background liver function parameters, including serum
total bilirubin level, serum albumin level, plasma pro-
thrombin time, platelet count, indocyanine green reten-
tion rate at 15min (ICGR15), Child—Pugh grade and
tumour size, were comparable in SM0(-) and SM >0
groups (Table 1). However, OS and DFS rates were lower
in the SMO(-) group than in the SM > 0 group (P = 0-042
and P = 0-004 respectively) (Fig. 2¢c,d). When patients were
grouped according to the width of the surgical margin into
four subgroups (0, 1-5, 6—10 and 11 mm or more), it was
found that the higher the width of the surgical margin, the
greater the tendency was towards favourable OS and better
DFS (P =0-076 and P = 0-007 respectively) (Fig. S1, sup-
porting information).

To identify the cut-off surgical margin in the Hr0 group,
ROC curves were generated for OS and DFS (Fig. S2,
supporting information). However, a precise cut-off value
could not be determined.

Univariable and multivariable analyses were performed
to explore variables associated with OS and DFS in the
Hr0 SM(-) group. SM > 0 was independently associated
with both OS and DFS (Tiables S1 and S2, supporting

information).
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Analysis of patients having anatomical resection

Among the 3507 patients in the HrS group, the surgi-
cal margin was microscopically positive (SM(+)) in 124
patients, microscopically negative (SM(-)) in 3305, and
unknown in 78. A tendency towards a lower OS rate was
observed in the SM(+) group compared with the SM(-)
group (P =0-053) (Fig. 3a), although DFS rates in both
groups were comparable (P = 0-498) (Fig. 3b).

Of the 3305 patients with a negative surgical margin, 201
had SMO(-) status, 1664 had SM > 0 status, and the margin
status was unknown in 1440. Serum total bilirubin level,
serum albumin level, plasma prothrombin time, platelet
count, ICGR15, Child—Pugh grade and tumour marker
values were similar in SMO(-) and SM > 0 groups. How-
ever, tumour size was significantly greater in the SM0(-)
group, which also included more poorly differentiated
tumours (Zable 2). OS and DFS rates were comparable
between the two groups (P = 0-969 and P = 0-904 respec-

tively) (Fig. 3c,d).

Discussion

This study has shown that the significance of surgical
margin status and width is different in patients undergo-
ing anatomical resection (HrS group) and non-anatomical
partial resection (Hr0 group). A microscopically positive
surgical margin was associated with unfavourable patient
outcomes in both HrS and Hr0 groups. However, in
patients with a microscopically negative surgical margin,
the impact of surgical margin width on patient outcomes
was different.

In the Hr0O group, survival outcomes in patients with
SMO(-) status were poorer than those in patients with
SM >0 status, even though background liver functional
data and tumour status were comparable in these two
subgroups. In addition, when the patients were divided
into four subgroups according to the width of the surgical
margin, a greater margin width was associated with better
OS and DEFS, suggesting that a greater surgical margin
reduces the risk of local recurrence.

However, in the HrS group, outcomes of patients with
SMO(-) status were similar to those of patients with SM > 0
status, even though mean tumour size was greater in
the SMO(-) group and the SMO(-) group included more
poorly differentiated tumours. These results may indi-
cate that, when performing a non-anatomical resection,
the impact of surgical margin width is less than that for
an anatomical resection. When the HCC is attached to a
major hepatic vein and/or the hepatic hilum, liver resection
preserving the attached vessel/hepatic hilum, with exposure
of the tumour capsule, is acceptable when an anatomical
resection is attained.

© 2019 BJS Society Ltd
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A major aim of surgical resection in patients with HCC
is to extirpate the tumour while ensuring a pathologically
negative margin, and to clear portal vein invasion and/or
prevent potential spread of intrahepatic metastases around
the tumour. Previous studies’~?? have documented that
most portal vein invasion and intrahepatic micrometastases
are found within 10 mm of the main tumour, and rarely
more than 20 mm from the tumour. Thus, these authors
concluded thata minimum surgical margin width of 10 mm
was required, even though the surgical procedure (anatom-
ical or non-anatomical resection) was not referred to. A
recent study??, which reproduced the distribution of portal
vein invasion and/or intrahepatic metastasis on preopera-
tive three-dimensional CT images, revealed that almost all
portal vein invasion and intrahepatic metastases were local-
ized to the peritumoral area within 10 mm of the margin in
HCCs smaller than 3 cm in diameter. However, portal vein
invasion and intrahepatic metastases spread to the feeding
third-level portal branches in HCCs more than 3 cm in
diameter. In addition, three-dimensional mapping images
have suggested that portal vein invasion and/or intrahep-
atic metastasis had spread through the portal territories,
not radially in all directions?®. These findings, obtained
using an advanced imaging simulation software, may sup-
port the present results that the width of the surgical
margin has no effect on outcomes in patients undergoing
complete anatomical resection. In contrast, when perform-
ing a non-anatomical partial resection, clearance of portal
vein invasion and/or intrahepatic metastasis is dependent
on the extent of the area co-resected with the main tumour,
especially in the direction along the portal pedicle feed-
ing the tumour. This implies that a non-anatomical partial
resection could have similar ability to anatomical resection
in preventing intrahepatic recurrence, if there is a wide sur-
gical margin. The present results in the Hr0 group may
lend support to this hypothesis.

Recently, Oguro and colleagues™ studied the signifi-
cance of macroscopic ‘no-margin’ hepatectomy for HCC.
Their results were similar to those found in the present
study: no-margin operations did not have a negative impact
on patient outcome when a microscopically negative sur-
gical margin could be secured. Their report was based
on a single-centre experience, and an advantage of their
investigation was the uniformity of operative procedures
and pathological evaluation. Although the present results
were based on heterogeneous nationwide survey data, the
authors believe that analyses of the data from a large cohort
of over 3000 patients can elicit valid conclusions.

As mentioned, previous reports’?~?? have recommended
a surgical margin of at least 10 mm in non-anatomical
partial resections. In addition, an RCT? has shown that

24
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partial hepatectomy with a margin of 2 cm is superior to
a margin of 1 cm in terms of tumour-related mortality. In
the present analysis, ROC curves were constructed, but
the minimum width of the surgical margin required when
performing non-anatomical partial resection could not be
determined. It may be speculated that the required surgical
margin may be dependent on tumour status (tumour size
and/or invasiveness) and that clear cut-off values for the
surgical margin cannot be determined. Further analysis is
required to resolve this issue after extracting small, more
homogeneous, portions of the patient cohort.

In the HrS group, a tendency towards a lower OS rate
was observed in the SM(+) group than in the SM(-) group.
However, DFS rates in these two groups were similar.
These results may seem difficult to interpret, as a positive
surgical margin generally affects DFS. The present study
examined the content of main treatments after recurrence
(re-resection, ablation, transcatheter arterial chemoem-
bolization, etc.) in the two groups, but the results were sim-
ilar. One possible explanation for these paradoxical results
may be the small number of patients with SM(+) status in
the HrS group.

There are some limitations to the present study, asso-
ciated mainly with the nature of nationwide survey data.
The indications for anatomical and non-anatomical resec-
tion were heterogeneous among institutions, and so the
results of anatomical and non-anatomical resections were
not compared. In addition, the clinical course of each
patient could not be tracked. As a result, it was impossible
to assess the treatments performed after recurrence, and
only OS was evaluated after the primary resection.
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