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resection of hepatocellular carcinoma

Masamichi Moriguchi, MD, Tadatoshi Takayama, MD, PhD, Tokio Higaki, MD, Yuki Kimura, MD, PhD,
Shintaro Yamazaki, MD, PhD, Hisashi Nakayama, MD, PhD, Takao Ohkubo, MD, PhD, and
Oamu Aramaki, MD, Tokyo, Japan

Background. Surgeons have atlempted to prevent early cancer-relaled death after resection of
hepatocellular carcinoma to identify risk factors associated with early death from hepatocellular
carcinoma recurrence after liver resection.

Methods. The study group comprised 350 patients who had undergone liver resection for hepatocellular
carcinoma between 1997 and 2007. The frreoperative visk factors for early death from intrahepatic
recurrence (within 1 year afier vesection) were evalualed.

Results. Fourteen (4%) patients died of intrahepalic recurrence in the first year afier resection.
Multivariate analyses identified the following risk factors for early cancer-related death: multiple tumors
(odds ratio 10.4; 95% confidence interval, 2.42—44.3; P = .002), vascular invasion (odds ratio 10.1;
95 % confidence interval 2.07-50; P = .004), serum alpha-fetoprotein level >20 ng/mL (odds ratio
9.52; 95% confidence interval 1.0—84.2; P = .043), and tumor size =50 mm (odds ratio 4.80; 95%
confidence interval 1.06-21.9; P = .042). Each of these factors was assigned a score of 1 point, and an
algorithm was developed to predict the risk of early death. Outcomes did not differ significantly between
palients with 3 or 4 points (P = .48) or between those with 1 or 2 points (P = .49). Patients who un-
derwent liver resection could be stratified into the following distinct groups according to the point score
and the associated 1-year survival rate and median survival (shown respectively): O points, 99%, and
nol yet; 1 or 2 points, 96 %, and 68 months; and 3 or 4 points, 50 %, and 12 months) (P < .0001).
Conclusion. Even if hepatocellular carcinoma is resectable, patients with a score of 3 or 4 points may not

be good candidates for liver resection. (Surgery 2012;151:232-7.)
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HepaTtocCELLULAR cARCINOMA (HCC) is the fifth most
common type of cancer, and its incidence is in-
creasing worldwide.! One curative treatment for
HCC is surgical resection, which is now a safe op-
tion with a low surgical mortality.2 Improved diag-
nostic procedures, surgical techniques, and
perioperative management have contributed to
better outcomes of liver resection, even in patients
with more advanced, resectable HCC; however, the
high rate of recurrence even after curative resec-
tion (70-80% at 5 yearsg) remains an important
problem. Discase frequently recurs (20-40%)
within 1 year after liver resection,2 and the rate
of cancer-related death within 1 year is 9.7%."
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Advanced HCC is associated with particularly bleak
outcomes after resection.’

Several studies have proposed indications and
selecton criteria for liver resection.®” Liver resec-
tion has been preferred because it is associated
with longer survival than that obtained with pallia-
tive treatments. Treatments such as radiofrequency
ablation (RFA) and endovascular therapy, however,
including transcatheter arterial chemoemboliza-
tion (TACE) and hepatic arterial infusion (HAI),
recently have extended survival.*'?

Indications for hepatic resection also should be
reconsidered if an appreciable proportion of pa-
tients, including those with resectable tumors, die
in the early term after liver resection.

The aim of this cohort study was to identify
preoperative risk factors for early cancerrelated
death (=1 year after liver resection) from intrahe-
patic recurrence in Japanese patients who under-
went liver resection for HCC.

METHODS

Study population. From January 1997 through
December 2007, 472 patients underwent a first



Surgery
Volume 151, Number 2

liver resection for HCC. Patients with any of the
following conditions were excluded: extrahepatic
tumor extension or metastasis, nodal metastasis,
both conditions, or advanced cancer in another
organ (n = 29); ruptured HCC (n = 4); loss to
follow-up within 1 year (n = 53); refusal of treat-
ment (n = 25); death from unknown causes within
1 year (n = 4); or death within 30 days after opera-
tion (n = 7). We retrospectively analyzed 350 adult
patients who underwent curative liver resection.

Study design. The following factors were as-
sessed on preoperative imaging studies: extensive
portal vein invasion (invasion of second- or first-
order branches of the portal vein), the number of
tumors, and the size of the largest tumor. Liver
function was assessed based on Child-Pugh class,
alanine aminotransferase (ALT) levels, aspartate
aminotransferase (AST) levels, and indocyanine
green retention at 15 minutes (%). In addition,
the serum AFP level was measured.

Liver resection. Curative liver resection was
defined as no evidence of residual tumor in the
remnant liver on intraoperative ultrasonography
(US), with a pathologically proven negative surgi-
cal margin. Anatomical resection of Couinaud’s
segment on intraoperative US was the preferred
operative procedure, if permitted by the patient’s
liver functional reserve. All other types of resec-
tion, such as limited resection and tumor enuclea-
tion, were classified as nonanatomical resection."”

The decision to perform liver resection for HCC
was based on the following criteria: liver function
and tumor status. Liver function was classified
according to Makuuchi’s criteria.’? As for tumor
status, liver resection was indicated if all 3 of the
following conditions were met: (1) no more than
3 tumors, (2) no distant metastasis, and (3) the
portal trunk was not occluded by tumor thrombus.

Statistical analysis. The endpoint of this study
was the time to death, defined as the period
from the date of initial liver resection to the date
of death from intrahepatic recurrence. Patients
who died for reasons unrelated to intrahepatic
recurrence were excluded from the early death
group.

We examined factors contributing to early death
(ie, death within 1 year after initial liver resection)
and nonearly death (ie, death after 1 year or
longer). Fisher’s exact probability tests and x* anal-
ysis were used to compare categorical variables.
Logistic regression analysis was used for multivari-
ate analysis of risk factors. Survival was calculated
according to the Kaplan-Meier method. Differ-
ences in survival were assessed with the log-rank
test. All statistical analyses were performed using
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SPSS statistical software (SPSS Inc., Chicago, IL),
version 17.0. Pvalues of <.05 were considered to in-
dicate statistical significance. All follow-up data
were summarized as of the end of August 2009.
This study was deemed exempt from review by
the Nihon University School of Medicine Institu-
tional Review Board.

RESULTS

Baseline characteristics of patients. The base-
line characteristics of the patients are summarized
in Table I. The mean age of the patients was 66
years. The median size of the largest tumor was
31 mm (range, 4-160); 26% of the tumors were
=50 mm in diameter. Most patients (78%) had sol-
itary tumors, and nearly all (95%) had no vascular
invasion on preoperative imaging. The disease
stage according to the tumor-node-metastasis clas-
sification was stage T in 264 patients (75%), stage
II in 62 patients (18%), and stage ITIA in 24
patients (7%). Median follow-up time was 38
months (range, 2.2-140). The median serum
alpha-fetoprotein (AFP) level was 17 ng/mL
(range, 1-320,800).

Postoperative early death. Twenty-one patients
died within 1 year postoperatively. The cause of
death was intrahepatic recurrence in 14 patients,
and the median period from liver resection to
intrahepatic recurrence was 3 months (range, 1-7).

The causes of death in the other 7 patients were
liver failure (3 patients), upper gastrointestinal
bleeding (1 patient), acute hepatitis (1 patient),
and other illnesses (2 patients).

Risk factors for early cancerrelated death. The
overall median survival was 75 months. Survival
rates at 1, 3, and 5 years were 94%, 83%, and 64%,
respectively. Fourteen (4%) patients died of intra-
hepatic recurrence within 1 year. The prognostic
relevance of 11 baseline variables was examined by
univariate analysis (Table I). The following factors
were associated with an increased probability of
death from intrahepatic recurrence within 1 year af-
ter resection: multiple tumors (P < .0001), vascular
invasion (P < .0001), serum AFP level >20 ng/mL
(P<.001), and tumor size =30 mm (P=.001). Mul-
tivariate logistic regression analysis identified the
same 4 factors, including the following: multiple tu-
mors (odds ratio [OR] 10.4; 95% confidence inter-
val [95% CI] 2.42—44.3; P= .002), vascular invasion
(OR 10.1; 95% CI 2.07-50; P = .004), serum AFP
level >20 ng/mL (OR 9.52; 95% CI 1.08-84.2; P =
.043), and tumor size =50 mm (OR 4.80; 95% CI
1.06-21.9; P = .042) (Table II). Descriptive survival
statistics and Kaplan-Meier curves suggested that
multiple tumors, vascular invasion, serum AFP level,
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Table I. Patient characteristics
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Table II. Multivariate analysis

Nonearly death P

Variable Early death (m = 336) wvalue
Sex (male/female) 11/3 266/70 957
Age (years) 174
<65 8 131
=65 6 205
Etiology 142
HCV 5 211
HBV 6 68
Non B non C 3 51
Other 0 6
Child-Pugh class .366
A 13 326
B 1 10
Tumor number <.0001
Single 3 269
Multiple 11 67
Largest tumor size (mm) <.0001
<50 3 255
=50 11 81
Vascular invasion <.0001
Negative 7 325
Positive 7 11
a-fetoprotein (ng/mL) <.0001
=20 1 183
=20 13 153
ICG15R (%) .088
<10 8 117
=10 6 219
ALT (IU/L) 277
<40 4 153
=40 10 183
AST (IU/L) .586
<40 5 151
=40 9 175

ALT, Alaninc aminotransferasc; AST;, aspratate aminotransferase; JCGI5R,
indocyanine green retention at 15 min.

and tumor size had prognostic significance, even
within this relatively selective cohort. Multiple tu-
mors, vascular invasion, serum AFP level >20 ng/
mL, and tumor size =50 mm were associated with
a decrease in the l-year survival rate from 97% to
82% (Fig 1, A), 96% to 56% (Fig 1, B), 98% to
90% (Fig 1, C), and 97% to 87% (Fig 1, D), respec-
tively (Table III).

Grouping by number of risk factors. An algo-
rithm then was developed to stratify patients with
HCC according to the risk of death from early
recurrence after liver resection. Given that multi-
ple tumors, vascular invasion, serum AFP level >20
ng/mL, and tumor size =50 mm had similar
effects on early cancerrelated death, 1 point was
allotted for each of these risk factors. Only 7
patients had a score of 4 points, and the outcomes
of patients with scores of 3 (n = 15) or 4 points

Variable Odds ratio  95% CI P value
Multiple tumor 104 2.42-44.3 .002
Vascular invasion (+) 10.2 2.07-50.0 .004
AFP >20 ng/mL 9.52 1.08-84.2 .043
Tumor size =50 mm 4.80 1.06-21.9 .042

were similar (P = .48), as were the outcomes of
patients with 1 (n = 131) or 2 points (n = 73)
(P = .49). Patients with scores of 1 or 2 points
and those with scores of 3 or 4 points were, there-
fore, combined into single groups. The 3 resulting
groups (0 points, 1 or 2 points, and 3 or 4 points)
had the following distinct l-year survival rates
(95% CI) and median survival (95% CI): 0 points
(n = 124), 99% (range, 97-100%) and not yet;
1 or 2 points (n = 204), 96% (range, 93-99%),
and 68 months (range, 60-77 months); and 3 or
4 points (n = 22), 50% (29-71%), and 12 months
(range, 7-16 months) (Fig 2, A and B).

Patients with 3 or 4 risk factors who survived for
longer than 1 year. Eleven patients with 3 or 4
points survived for longer than 1 year. Nine
patients had recurrence in the remnant liver. Five
of these patients died of recurrence within 3 years.
At the time of this writing, 2 patients are still alive,
15 and 27 months after liver resection, respectively.
Only 2 patients who received reliver resection and
TACE survived for 5 years or longer. The other 2
patients have survived without recurrence for 13
and 23 months, respectively.

DISCUSSION

In this study, we identified 4 risk factors (mul-
tiple tumors, vascular invasion, tumor size =50
mm, and serum AFP level >20 ng/mL) for early
death from intrahepatic recurrence after curative
resection of HCC.

Regimbeau et al reported that a tumor size of
greater than 5 cm, multiple tumors, and more than
5 mitoses per 10 high-power fields were associated
with an increased risk of early death because of
recurrence.” Kondo et al showed that microscopic
vascular invasion was a significant risk factor for
death within 2 years after operative therapy in pa-
tients with solitary HCC.'® These previous studies,
however, considered only factors that could be as-
sessed intraoperatively or postoperatively. Such fac-
tors are not useful for selecting the best treatment.
We therefore evaluated the relation of only preop-
erative factors to early cancer-related death.

Multiple tumors are classified as multicentric
tumors and intrahepatic metastasis according to
their origin. Intrahepatic recurrence within 1 year
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Fig 1. Kaplan-Meier survival estimates within 1 year after resection. (A) Stratified according to solitary or multiple tu-
mors. (B) Stratified according to the presence of absence of vascular invasion. (C) Stratified according to the serum AFP

level. (D) Stratified according to tumor size.

Table ITI. Survival statistics

Iyear survival

Median survival

Variable n Percent 95% CI Months 95% CI P value
Overall 350 94 91-97 75 66-84
Multiple tumor <.0001
Yes 78 82 91-74 53 50—-65
No 272 97 99-95 80 65-95
Vascular invasion <.0001
Yes 18 56 79-33 14 0-67
No 332 96 98-94 75 65-85
Serum AFP level <.0001
=20 ng/mL 184 98 100-96 80 61-99
=20 ng/mlL 166 90 95-85 63 55-72
Tumor size .001
<50 mm 258 97 99-94 77 57-97
=50 mm 92 87 94-80 59 41-78

after operative therapy may be caused by intrahe-
patic metastasis.'* Clinically occult metastasis of
HCC present at the time of operation probably be-
come detectable during follow-up. Shimada et al
confirmed the invasion of the portal venous system
in 57 (71%) of 80 patients with multinodular HCC
who were positive for hepatitis C virus and had in-
trahepatic metastasis. Moreover, patients with in-
trahepatic metastasis had poorer outcomes than
those with multicentric tumors.'> A pathological

diagnosis, however, is needed to distinguish be-
tween intrahepatic metastasis and multicentric tu-
mors, and preoperative assessment is currently
not feasible. Some investigators have reported
that a tumor size of >5 c¢m is of prognostic impor-
tance only in patients with multiple tumors.'®
Pawlik et al reported that vascular invasion in-
creased in parallel with tumor size and that the
presence of vascular invasion indicated a poor
pro;_r,nosis.17 Intrahepatic metastasis, portal vein



236 Moriguchi et al

---- 0 Pelnd greap (n=ddi) j P=0.002
v = = = 1,2 Poinis ooy b2

\'“\ = 34 Toirts group (m11) j P<0.0001
b

g

8

Y
o

Cumulativesurvival (%) ¥
8 3

0 2 4 6 8 10
Time after liver resection (years)

Cumulativesurvival (%)

Surgery
February 2012

8

POR 0 Point group (n=124) :l 006
= = = 1,2Points group (n=204)

20 —— 3,4 Points group (n=22) :| P<0.0001

0 2 4 6 8 10 12

Time after liver resection (months)

Fig 2. (A) Cumulative survival of patients according to the risk-factor score. The 3 groups (0 poiuts, 1 or 2 points, and 3
or 4 points) had distinct l-year survival rates and median survival (shown respectively): 0 points, 99% and notyet; 1 or 2
points, 96% and 68 months; and 3 or 4 points, 50% and 12 months. (B) Survival curve within 1 year after resection.

invasion, and tumor size thus may be interrelated.
Farinati et al reported that the median survival of
patients with HCC is related to serum AFP levels,
with poorer survival in patients with higher AFP
levels but with no clear prognostic impact in indi-
vidual pzltients.18 Among patients with 3 or 4 risk
factors in our study, 11 patients (50%) survived
longer than 1 year. Resection is not the treatment
of first choice in patients with 3 or more risk fac-
tors; however, if other treatments are not effective,
then resection should be reconsidered.

The question develops as to which treatments
are best suited for patients with 3 or 4 factors.
Apart from hepatic resection, treatment options
include TACE, HAI, radiotherapy, and RFA. If
survival after these less-invasive interventions were
similar to that after liver resection, then use of the
former probably would increase.

Major studies of TACE have yet to be performed
in patients with 3 or 4 risk factors. Katumori et al
reported a l-year survival rate of 44% under the
conditions that 8 of 9 patients (89%) had tumor
thrombus in the first or second branch of the
portal vein, the maximal tumor diameter was =50
mm, and 2 (22%) patients had multiple tumors."?

Intra-arterial 5-FU combined with subcutaneous
interferon-alpha has been reported to be effective
for advanced HCC. The l-year survival rate was
34%, although all patients (n = 116) had portal ve-
nous invasion involving a major branch or the
main trunk, the mean size of the intrahepatic
HCC tumor was 8 cm in diameter, and 83% of pa-
tients had AFP levels of =20 ng/ml.. Moreover, the
1-year survival rate was 43% in patients with a par-
tial response (36%)."°

Nakagawa ct al obtained a l-year survival rate of
45.1% in patients who received radiation therapy
for portal venous invasion. Portal vein invasion was
found in the first branch (24/52:46%) or main

trunk (22/52:42%), tumor size was =50 mm in
19% of the patients, and multiple tumors were
present in 75% of patients.20

RFA also has not been evaluated in major
studies of patients with 3 or 4 risk factors; however,
Hirooka et al obtained a l-year survival rate of
89.7% in patients with large HCC who had portal
vein thrombus (n = 20) and underwent RFA for
mass reduction before HAI. Portal vein invasion
was found in the major portal branch (14/20) or
main portal trunk (6/20), the tumor size was
57.3 £ 20.9 mm, and AFP was elevated in that
study.”!

In the present study, patients with a score of 3 or
4 points were not good candidates for liver trans-
plantation because disease was beyond the Milan
criteria. Patients without vascular invasion, how-
ever, who fall within the up-to-7 criteria (HCC with
7 as the sum of the size of the largest tumor [in
cm] and the number of tumors) have been shown
to have good outcomes.?? No patient who met the
up-to-7 criteria had 3 or 4 risk factors.

In patients with 3 or 4 risk factors, there is no
great difference in outcomes between liver resec-
tion and radiotherapy or RFA combined with
TACE or HAI. Room exists for studying whether
treatments other than liver resection can prolong
long-term survival even in patients with 3 or 4
factors; however, given the risks and damage of
resection, other treatments should be tried before
resection in patients at risk for early cancerrelated
death. If such treatments are not effective, then
liver resection can be performed. Because only 14
of the 350 patients studied had events, however,
firm conclusions cannot be drawn. Our findings
must be confirmed in larger, prospective studies.

In conclusion, even if HCC is resectable,
whether to perform liver resection should be
considered judiciously in patients who have 3 or
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4 of the following factors: multiple tumors, vascu-
lar invasion, serum AFP level >20 ng/mL, and
tumor size =50 mm.

o

10.
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REFERENCES

. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.

Lancet 2003;362:1907-17.

. Poon RT, Fan 8T, Ng IO, Lo CN, Lui CL, Wong ]. Different

risk factors and prognosis for early and late intrahepatic
rccurrence after resection of hepatocellular carcinoma.
Cancer 2000;89:500-7.

. Imamura H, MatsuyamaY, Tanaka E, Ohkubo T, Hasegawa K,

Miyagawa S, et al. Risk factors contribuling Lo early and late
phase intrahepatic recurrence of hepatocellular carcinoma
after hepatectomy. ] Hepatol 2003;38:200-7.

. Regimbeau JM, Abdalla EK, Vauthey JN, Lauwers GY, Durand F,

Nagoimey, et al. Risk factors for early death due to recurrence
after liver resection for hepatoceltular carcinoma: resulls of a
multicenter study. ] Surg Oncol 2004;85:36-41.

. Ruzzenente A, Capra F, Pachera §, Tacono C, Piccirillo G,

Lunardi M, et al. Is liver resection justified in advanced he-
patoccllular carcinoma? Results of an obscrvational study in
464 paticents. ] Gastrointest Surg 2009;13:1313-20.

. Wu CC, Ho WL, Lin MC, Yeh DC, Wu HS, Hwang (], et al.

Hepatic rescction for bilobar multicentric hepatocellular
carcinoma: is it justified? Surgery 1998;123:270-7.

. Minagawa M, Makuuchi M, Takayama T, Ohtomo K. Selec-

tion criteria for hepatectomy in patients with hepatocellular
carcinoma and portal vein tumor thrombus. Ann Surg

2001;233:379-84.

. Meijerink MR, van den Tol P, van Tilborg AA, van Waes-

berghe JH, Meijer S, vanKuijk C. Radiofrequency ablation
of large size liver tumours using novel plan-parallel expand-
able bipolar electrodes: initial clinical experience. Eur |

Radiol 2009; Jul 17 (Epub ahead of print).

. Miraglia R, Pietrosi G, Maruzzelli L, Petridis I, Caruso S,

Marronc G, et al. Efficacy of transcatheter cmbolization/
chemoembolization (TAE/TACE) for the trcatment of sin-
gle hepatocellular carcinoma. World | Gastroenterol 2007,
13:2952-5.

Obi §, Yoshida H, Toune R, Unuma T, Kanda M, Sato §,
et al. Combination therapy of intraarterial 5-fluorouracil
and systemic interferon-alpha for advanced hepatocellular
carcinoma with portal venous invasion. Cancer 2006;106:
1990-7.

Hasegawa K, Kokudo N, Imamura H, Matsuyama Y, Aoki T,
Minagawa M, et al. Prognostic impact of anatomic resec-

13.

16.

17.

18.

19.

20.

21.

22.

Moriguchi el al 237

tion lor hepatocellular carcinoma. Ann Surg 2005;242:
2529,

. Makuuchi M, Kosuge T, Takayama T, Yamazaki S, Kakazu T,

Miyagawa S, et al. Surgery for small liver cancers. Semin
Surg Oncol 1993;9:298-304.

Kondo K, Chijiiwa K, Makino I, Kai M, Machara N,
Ohuchida J, ct al. Risk factors for early death after liver
rescction in patients with solitary hepatoccllular carci-
noma. | Hepatobiliary Pancreat Surg 2005;12:399-404.

. Takayama T, Sekine T, Makuuchi M, Yamasaki S, Kosuge T,

Yamamoto ], et al. Adoptive immunotherapy to lower post-
surgical recurrence rates of hepatocellular carcinoma: a
randomised trial. Lancel 2000;356:802-7.

. Shimada M, Hamatsu T, Yamashita Y, Rikimaru T, Taguchi K,

Utsunomiya T, et al. Characteristics of multicentric hepato-
cellular carcinomas: comparison with intrahepatic metasta-
sis. World J Surg 2001;25:991-5.

Vauthey JN, Lauwers GY, Esnaola NF, Do KA, Belghiti ],
Mirza N, et al. Simplifed staging for hepatocellular carci-
noma. ] Clin Oncol 2002;20:1527-36.

Pawlik TM, Delman KA, Vauthey JN, Nagorney DM, Ng 10,
Ikai I, et al. Tumor size predicts vascular invasion and histo-
logic grade: implications for sclection of surgical treatment
for hepatocellular carcinoma. Liver Transpl 2005;11:1086-
92.

Farinati F, Marino D), De Giorgio M, Baldan A, Cantarini M,
Cursaro C, et al. Diagnostic and prognostic role of alpha-
fetoprolein in hepatocellular carcinoma: both or neither?
Am ] Gastrenterol 2006;101:524-32.

Katumori T, Fujita M, Takahashi T, Satoh O, Ichijima §,
Nakamura T, et al. Effeclive segmental chemoemboliza-
tion of advanced hepatocellular carcinoma with tumor
thrombus in the portal vein. Cardiovasc Intervent Radiol
1995;18:217-21.

Nakagawa K, Yamashita H, Shiraishi K, Nakamura N, Tago M,
Igaki H, et al. Radiation therapy for portal venous invasion by
hepatocellular carcinoma. World J Gastroenterol 2005;11:
7237-41.

Hirooka M, Koizumi Y, Kisaka Y, Abe M, Murakami H,
Matuura B, ct al. Mass reduction by radiofrequency abla-
lion chemotherapy improved prognosis for patients with
huge hepatocellular carcinoma and portal vein thrombus.
AJR 2010;194:W221-6.

Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M,
Mariani L, et al. Predicting survival after liver transplanta-
tion in patients with hepatocellular carcinoma beyond the
Milan criteria: a retrospective, exploratory analysis. Lancet
Oncol 2009;10:3543.



Hi EL
H A

JFHIIERE TR R TR RONDEETH D, RIRNIBRDO U & DL L THRMAZET

b, BRETH Y FMETREGLEY, FREAr-LAMNMOEROESRIZL Y, KETL

TebDIZHHITSINTWD X2 >7, Lo LERITER B FEFRE 70~80%) THY

EHARMMETH B, IS EIR%E 1 FELINOFEREIL 20~40% & I [P HE: 9.7%

EHREINTWS, FRICEITIFRE CIIBEE TH D, FOOIFUIROE/RIZOWVT, WL

DPOFENR SN TND, FFPIERIZINT, b LR af8E T b YRR R AE CHI S

FNTWVAEROHEE LRITNE R B4R, IFEIBRICE W CUIBREIF & T THeEiXm i

FRLTEY, HxDIEFIZIBWTHRY DENSH D, IFUIEREIIMRTONT TiHEEIZ T T

TRES N, ZEEARD LD, EOVEOBENEE (R-1) Th I AFIREIZ OV

THEA., BREULEAE, ICG (M v F¥ 7= —>) RISEIC X » TEMESR L,

KR, BRArOIRR, HEXHEEIER, XAREIER - ZERTEIRR, ARTEIER - 22 3 KAREIERD 6 FRHIZ

SESN TS, BUEREDIEIRC & o TR RO ARSI & 0 BT 28030720,

Z DIZ DAL TR BIEILD AU D W THREET LT,

AT 38 1T 2 AT EIBR I3 EAVIE R & 0 REIEF % 5 D210t S 2, filt. RFA (5

TABHEIEH) L TACE (AFEINR L 2EMpRE) . HAL (FFBhERTR) S8 A FLR 2 E

RLTWD, EFBOBHRICEBN TR TIIELEDETIEIH 0P8BS BERO LD

Thbd, FBHEIIBWTCIZ /754707 (IKERENREELRDS 5em N, XL 3

em, 3ALR) IBMOERICEVTEETH Y AEOVEOTH S,



BHY
ABFFEO A, GIBRE FHATRBEIE (BIER% 1 ELIICITNAR TRED) 2OV TH

B, AHIGIRE T E BT 5 2 L ThH S,

xR
1997~2007 4 HAKRFHLEIE CHIRAFOIR 2 /T SN2 472 4 L 0 |, AFANER.

T IRSMER, D iR, SIS EITRA O - 29 4 TR - 44, 14ELL LRGBS

ERISATIH - 53 4, FERBIGHIES @ 264, SEIRNARB 1 ELINSET : 4 4. #ii#% 30 A

INBEL = T4 (FFRESEIZR A o T2), & DEWTARTERIEIERS] 350 41,

ik
KRD 350 £ OV, MATICHY 5 5 11 THH : #5], £, KA, Child-Pugh 433 (&

EUNEAE, Fu by, ME7AT I UE, K. IMERMENE END,) EEE

(W vs %), RREER (<50 vs =50mm), B EOMRKRE (1. 2RO B

M vs &), Table 1-3 281F 5 vascular invasion IV T b RZE#EZ2 X LT\ 5,

AFP(=20 vs >20ng/ml), ICG15R(<10 vs =10%), ALT(<40vs =40IU/L)., AST(<40 vs

Z A0TU/LNE DWW TREPBECREE TN DR TR LTz,

TR C THERICHOWTIEAFEOIZ L A ERFEHIAITH Y . B SV B OWIRSHEIZ

BT HREHE, BASHE B, SRHEERAGTHNE ERICOET 2 L ELnE

DI T2 HARMFIEDHTEITN 20 Z 2o T,

RIS
FFEIRRIC SV T, BATICERD Z o TWnWZ & IR chr 2 &, b



TR L REPRAE IR L, IFPERENRLR S 7 4 ) — DK TOYRE4T\O.,

%5 TRIFTIITENEECO - L VYR LIz, b USTFEIBROBEIS A HaiTESE S 3 L

N, EREEBL L, PIRRERSIESHE THZE L TORTHTEIERE Lz,

WERt 3 HT
ARFIED T FRA o ME, FIEAFEIERGIZ I 2ITRERIZ L 2 RHECTH Y . TN

HREICBRR VRIS TR,

BHPECHE (WREITFEIBRGIZ T DAFNERBIZ L D 1ELNEL) &2t GERSIE

TR &0 2BEREHRICOWT, 7 Y —HIZ 8BV Trt Fisher's exact test & x 2%

&V, fERIR T DS BAENTIZiT Logistic regression f#AT 2 -,

ELEICOWTIE Kaplan-Meier %% H U log-rank 8 & CTaffii L7z, #0821 SPSS

versionl7.0 Z{#H, P<0.05 %A 8EH Y & LT,

g
B R % Table 1 1277, FHAHN 66 5%, JEIEARO P RENX 31mm, 26%7° 50mm A E

Thotr, T8WITHRE TH Y 95%D BEF IITRITEHE CNKMR M Z D 2o 72, ME AFP

fEIZHFHAE 17ng/ml Th o7z, HERFO UICC H 7R (£-2) ICLBHEHMAT—IFT .

264 £(75%) 11 : 62 £4(18%) MA:27 4 (7%), BAETESIK (#-3) HFTSh T3,

F T AFR T OJFIFENERTREIR O OB (B ARRFEIFE M) (23T HBERSS 2 i)l (R-4)
PEAETIIE 3 (K-5) ICBEEFTENTWD, BEPREIT 3872/, 2% Tablel D -

T2 b a7 A4 A2 00 T22003380 THVIELLIE>20 Th 5,



21 408 1 EMRIZFET L BHNERTRE L2 b DX 14 4 Th oz, BRE TOHM
ITHRIET 3 NAThoTo, IFNBERELSNO T4 DOFECIRKEIL, AR 34, Hik
B 14, 2WEIFE 14, UKL 24 Tho7z,
EROEFTREIL 75 2 A, 1. 3, 5 FRBEFRITH 94, 83, 64%ThH 0, AFHNFER
C LD 1THELNELIT 14 4U@%) Th o7z, FREFE LT, 11 R CORERMT I
2%MEE (P<.0001), FIRZE (P<.0001), MiEAF P{#>20ng/ml (P<.001), JEFE=
50mm (P=.001) NEEZEHY 720 (Table 1), ZEEMTTHLRED 4 R T1FKo 7
(Table 2), 4 R¥% % ® Kaplan-Meier 512 X % 1 ELRAEEMERE Fig 1 ® A, B, C,
DIZRY, %72 1 AR FRIISHRER T 97 25 82%, IREFIETIE 96 15 56%, I
& AFP {fi>20ng/ml (X 98 2>5 90%, MEHEE=50mm T 97 125 87% T - 7= (Table 3),
¥ 7= Table3 Tid#& 4« OEFHNICAEFFIEI/RINTEY, Fig 2 AiICBW TR T3
DOELEFHBPREIN TN D,
BHIFECOTNTY AL EBET DD, ARTFOERMFITEZER LTz, 4KFOERFT
RV, EEE=50mm DAy XMENO 3HRF L /NSNS FR, PR,
% AFP % %% 2 e LIERE 1 A& LEBBARTI_THET OO 7 RERD
BRFEWMETHOIX6 AN mMERD, BRTEWH T HDIXIALLBLTERE S
RCEABREEREER DT, EOTDELEROBEALLHWLE 1 RE Lz, 45437

& LW, 3RIX1BAThHoT, 4R E 3N TIIEFITHEENRL (P=48) ¥



1 (1314) &2/ (734) bEKRICHEEZEZBD R -T2 (P=49), £->T1-2
REBARITBELLODIN—TE Uz, BEIZ3 7 N—7 (05, 125, 3+4K)
KRB LR Lis, &4 7N —70 1HAEFR (95%CL) . £FHRMEO5%CD % 777,
08 (124 4) 99%(97-100) FlEE, 1 - 2,4 (2044) 96%(93-99) 68 2°A (60-77),
3+ 45 (224) 50%(29-71) 12 »*H (7-16) THh -7, Fig2A, 2B iZ Kaplan-Meier it
Wk pekE 1 EUNDEF#RE T, SEOAEFCBNTS « 45830, 1+ 244
DIN—TEVEEEEb>TEE > TV, £72 1EEURNEFIZB N THRRTH > 72,
AT 3 -4 mTH 1FEULAEFLIELDIT 114, 2055 94ATEATHIEL 54133
FELNCFET Lz, DIV 44055 241347 (16, 270 A) L. £ 2 ZLIXEATEIER,
TACE i T 5 LA LAEFL TV D, 241EFRR< 130 28 hALFL TV,

HE%
ARFFEI THRETR OIS OIF N AR IC K 5 RSB TICOWT, 2REE, MR, &

P Z50mm, L AFP #>20ng/ml ® 4 K7 3ERRE T7-& L CEEEE iz, @BEOH
FATEBNTH S =50mm, 23, IREREZORGEN R T OGN 1 & L THRE
ENTND, LNLINDLDRTORNITRD, HRICHLNNIRDbONEEN, &
B OWEFEOBRIUA TR, Fox 134 BRI S BV TIATNZ A Y X S0
FE gl Lz,

ZINEB L O & FTNEERIZRT S b, IFEIERE 1 ELURETCIZRB W TIIATNE

kDbl Bbihd, BRI FRRHOET TICHEE LIS BICR AR o TR HE A



PORBIEPICEAIND EEZLLND,

Shimada &%, HCV M THWEEDH 5L RATRED T1%ICFIRNRERRD biLs &

WELTWD, HNEBOHHEECEHEHLMEDOLO XY TPENREBENE I TS, L

i USFRERRS & 29 DM ORI 2R 2T 3 L E Th D IS iTb i b u,

ZRIEFIT BT EEAS em 1T TRICEETHD LWV WL D0 0OMENDH D, Pawlik

DTG LIRERBII AT VL THY FPRARTHD LREL TR D, FNEE, Mk

2 EERIIEBELTVWADTHA D LIk T3,

Farinati 5 /31L{E AFP fESAEFICEG LT 5 & LTS, AFP BEIXTFERARTH

D0, HFEICRBTAEEBIIHLNTRNE LTS,

3450114 (50%) 1X 1ELLEAEFE L0, 3 5L EOBEFICEBWT, UIRLIEED

BIERERY DD, L LZNIIMOIBREROENLZVEETHY, FOLEHESN

HRETHD, TENTIHERKNFZ 3 DULEFF-TBEIC L > TREDIRFIZRITH?

1B OERB L LT TACE, HAIL AE#IAHR, RFAEREF oD, KERERIARNT

YR E REDEFEZAIREL T2 06ZD L) RIGRPEZ D5 THA 9, TACE IZEWTfE

BRIK 725 3 DLA LD & 9 72 EH] T ORBMEM LI Z e b TV, Katumori 51X 9 A

8 A (89%) MFIAR 1R, 2 IROHICHERRH Y . BAKEREZE=50mm, <HxT2A
(22%) XZRIEZETH > TIEFIZB N T 1 FAFERITI 4% EWE L TWE,

5Fu OfFEE &L A v 4 —T = o DR THEOIFMIBRITETIREICHIRNTH D L#E



ENTVWD, MIKRE (Kerk LU 1 RS &6, IEEAYY 8cm, 83%iLLiE AFP i
=20ng/ml TD 116 4 D 1 F4AMFEiT 34%, PR il (36%)Tit 43% Th 7=,

Nakagawa O (ZMARR A 5 D b DK UBHBRIBREZ B 220 1 FAEFEIZ45.1%8 L
TW5, MIRMREICOWTIE 1 R (46%) . A (42%), 19%I3EHEAR=50mm, 75%
DEREFIILREGE TH T,

RFA 1B DT 3+ 4 ;S OSES] 25T RIC U7- KBMERFZEI3 R4 72 5720y, L L Hirooka
OIEMIRIES R % & b 722 5 RAFE 20 filicxt U, AFENERTIC AR & 0O 72 ® RFA % HifT
L7-BEO 1 EAGFEIL 89.7% & ME LT 5, MARMR I 1 R4 (14/20) A4 (6/20) .
JEZEAE 57.3+£20.9mm, AFPfES EH LT,

AT D 3 4 HOEGIE, 35 /27547 )7 (IREREN72< BEFEAR S Sem LA
PN, XiZ Sem3 ALANOIFRE) 26l LT3 72 B O L WVE & R 52Tz,
IREAREEA 72 <, upto7 7 FAT VT (JEHER em LB EZ LIELONR TLLT) %4
T b DIk, BRI CTHDIDBARMIED 3 - 4 MiTIEYE T E HIERIBEN > 72,

PAEX Y ARBHEICRIT S ST £ 721 4 R 2 lii7- 4 BE SR TITHIER, BEBRIEHR,
TACE, X HAI & RFA OOHHIGFRITARIC KA EZ RO R o7, ZO K 5 RBHITBNT,
REVAEFORIREMED & DNTFOIBRLSOIBRBFIET 27 6, FUIBRIZ Y 27 0¥ A—U R
REWTDOFIDOIHEEZBR LT X250, b LED X S RIBEBSER R T IS

BRREEENDNETH D,



ABFFETIL 350 4D 5 HREHFETHIIL 14 AHICBE oo felod, e Tz Lik Tt
VY, KRB EIR R CHRmE HTREEA ),

EI-AHRICEIT B 4R T % 20183~2018 FEDEFIZ HETHIZE Z A (RFROXIRIL
1997~2007 42) 2k 351 A ICBWTEHIHTIX 11 LW, £ 3R FLULICEELEZD
X244 Thote, DS 1TELUNICHL PR TEZbDIL6 LT E RN, FH
ZOWTITOMEDOHRICHK 10 EDERD D FifEdiom LbdH 0 L0 T LAPE 29
B35 & Do 7o, QiR = 2 —<° MRI O#ESIC X Y B0 BH% BB O, ORFA,
DAA ZDWHERIAR,. CHFRIGROES, HEZLND, 4B LI LVERSREL
B ANDUBERDHDL EEBbD,

BE O RIFE TR T2 oV Tk, 2019 4£i2 European Radiology 29 :  1231-1239 i2
B CHHIR O C T EEIZISIT 5 texture analysis (Tex RAD £\ 5 V7 by =7 —HWn
T CT Eifg & Y % DIEFE D heterogeneity Z @73 2 FIEDVE DN LV & HBRETRMN

Difohd EWEIh TV,

g2A
B A

H LYIBRMBAIRETH - TH %, HR ELOMARBEME, AFP>20ng/ml, JEEE=50mm O 4

HFD 55 3 WU EEFT Lz b DIC oW THFEIBRIZERIHIET L2 ThiX R bR,



-1 BAEE

K

| |
HLXIFZarro—)Le] A kA— LA

WEYIEE
I

| | | |
IE% 1.1~1.5mg/dl 1.6~1.9mg/dl =2.0mg/dl

} ! | iy
|C(|3R15 AR 53 GTBR A FHTERL
| | | | |
s 10~19% 20~29% 30~39% =40%
iy ey BRI B i
E3RE G ERFEIR o e




&®-2

Unio Internationalis Contra Cancrum:UICC &7k

T1 NO MO
I T2 NO MO
A T3 NO MO
mB T4 NO MO
mcC anyT N1 MO
I\ anyT anyN M1

T B, mMERHEEZL
T2 BE MERREHY FE EHRTE5emUT

T3:ZFHT>5cm F-(EXMAKk(Vp3-4) . FFEEIR (Vv2-3).
fBE (B2-4)(Z;3H

T4:FEEUN OB EERICEE ZEHY

N1:FFFIEB. BF+ = Rm R iR A



*-3

Unio Internationalis Contra Cancrum:UICC £ 8kiR

IA T1a NO MO
IB T1b NO MO
I T2 NO MO
IMA T3 NO MO
mB T4 NO MO
VA anyT N1 MO
IVB anyT NO,1 M1

T1a: EH . <2cm
T1b: B 2cm< MERBEELL

T2: BH¥T MEREE(Vp1-2,F-EW1)HY 2cm<
Z% =5cm

T3: Z%H 5cm<

T4: Vp3-4, W2-3 XIFBEUN OB IZEZCEREZE,
RAIRREZ &,

N1:FFFIER. AFiE: (B A FFEARIZA D) . BEFIAR (FAARIZIRS)
Kafi,



<-4
FRFEVEFEIYHKRLEH (B RFEZERREHR) 20035 5240

I T1 NO MO
I T2 NO MO
I T3 NO MO
IVA T4 NO MO
IVB T1~4 N1 MO
NO, N1 M1

TEFIZDOWT

DER QKEFS2cmUT QMmEREELL
T1 SEFIRTEHET,
T2 2EF%#i#T-7.
T3 1EFOHiET-7,
T4  FARTHESEL,



+&-5
FRFEMEFERYKRORE (B RFEAR SR 20108FF 35k

I ™ NO MO

I T2 NO MO
il 13 NO MO
IVA T4 NO MO
T1~4 N1 MO

IVB T1~4 NO,1 M1

TEFIZDLT
DHEHKE QKREFS2cmUT QMmEREELL
T1 SBREFIRTE#®=T,
T2 2[lFZF#-=7,
T3 1RAFOAiE=T,
T4 FTRTHRSEL,



Table 1

Table 1. Patient characteristics

Variable Early death (n=14) Non-early death (n=336) P
Sex (male/female) 11/3 266 /70 0.957
Age (years) 0.174
<65 8 131
=65 6 205
Etiology 0.142
HCV 5 211
HBYV 6 68
NonBnonC 3 51
Other 0 6
Child-Pugh class 0.366
A 13 326
B il 10
Tumor number <0.0001
Single 3 269
Multiple 11 67
Largest tumor size (mm) <0.0001
<50 3 255
250 11 81
Vagcular invasion <0.0001
Negative 7 325
Positive 7 11
a-fetoprotein (ng/ml) <0.0001
=20 1 183
>20 13 153
ICG15R(%)* 0.088
<10 8 117
210 6 219
ALTQULY 0.277
<40 4 153
240 10 183
AST(IU/L) 0.586
<40 5 151
240 9 175

*indocyanine green retention at 15 minutes
t alanine aminotransferase 1 aspartate aminotransferase




Table 2

Table 2. Multivariate analysis

Variable Odds ratio 95%CI P

Multiple tumor 10.4 242 -443 0.002
Vascular invasion (+) 10.2 2.07 - 50.0 0.004
AFP level >20 ng/ml 9.52 1.08 - 84.2 0.043
Tumor size250 mm 4.80 1.06 - 21.9 0.042

Cl indicates confidence interval
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Fig 1B

Cumulative survival (%)

2

40 A

20

80 -

60

~==- No vascular invasion (n=332)

— Vascular invasion (n=18)
P<0.0001

Time after liver resection (months)



Fig 1C
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Fig 1D

Cumulative survival(%)

100
80 -
60 - == == Tumor size <50 mm (n=258)
j Tumor size250 mm (n=92)
40 -
20 -
P=0.0009
O = T T T T T s | T T T T T T T T 1
0 2 4 6 8 10 12

Time after liver resection (months)



Table 3

Table 3. Survival statistics

1-year survival Median survival
Variable n Percent 95%CI Months 95%CI P
Overall 350 94 91-97 75 66-84
Multiple tumor <0.0001
Yes 78 82 91-74 53 50-65
No 272 97 99-95 80 65-95
Vascular invasion <0.0001
Yes 18 56 79-33 14 0-67
No 332 9% 98-94 75 65-85
Serum AFP level <0.0001
<20 ng/ml 184 98 100-96 80 61-99
>20 ng/ml 166 20 95-85 63 55-72
Tumor size 0.001
<50mm 258 97 99-94 77 57-97
=50 mm 92 87 94-80 59 41-78

CI indicates confidence interval
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