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Effect of Vitamin K2 on the Recurrence of
Hepatocellular Carcinoma

Haruhiko Yoshida,' Yasushi Shiratori,* Masatoshi Kudo,” Shuichiro Shiina,' Toshihike Mizuta *
Masamichi Kojiro,” Kyosuke Yamamoto,® Yukihiro Koike,” Kenichi Saito,* Nozomu Koyanagi,® Takao Kawabe,!
Seiji Kawazoe,” Haruhiko Kobashi,’ Hiroshi Kasugai,'® Yukio Osaki,"* Yasuyuki Araki,'? Namiki Trami,'®
Hiroko Oka,'* Kunihiko Tsuji,'* Joji Toyota,*® Toshihito Seki,'” Toshiya Osawa, ** Naohiko Masaki,'®
Masao Ichinose,”’ Masataka Seike,”" Alihisa Ishikawa,2* Yoshiyuki Ueno, Kazumi Tagawa,2*

Ryoko Kuromatst,” Shotaro Sakisaka‘26 Hiroshi Tkeda,”” Hidekatsu Kuroda,*® Hiroyuki Kokuryu,29
Tatsuya Yamashita,”" Isao Sakaida,®' Tetsuo Katamoto,*” Kentaro Kikuchi,*® Minoru Nomoto 3
and Masao Omata’

Hepatocellular carcinema (HCC) is characterized by frequent recurrence, even after cura-
tive treatmient. Vitamin K2, which has been reported to reduce HCC development, may be
cffective in preventing HCC recurrence. Patients who underwent curative ablation or
resection of HCC were randomly assigned to receive placebo, 45 myg/day, or 90 mg/day -
vitamin K2 is double-blind fashion. HCC recurrence was surveyed every 12 weeks with
dynamic computed tomography/magnetic resonance imaging, with HCC-specific tumer
markers monitored every 4 weeks, The primary aim was to confirm the superiority of
active drug to placcho concerning disease-free survival (DFS), and the secondary aim was
to evaluate dosc-response relationship. Disease occurrence and death from any canse were
treated as events. Hazard ratios (HRs) for disease occurrence and death were caleulated
using 2 Cox proportional hazards model. Envoliment was commenced in. March 2004.
DFS was assessed in 548 paticnts, including 181 in the placcbo group, 182 in the 45-mg/
day group, and 185 in the 96-mg/day group. Discase occurrence or death was diagnosed
in 58, 52, and 76 paticents in the respective groups. The sccond interim analysis indicated
that vitamin K2 did not prevent disease occurrence or death, with an HR of 1.150 (95%
confidence interval: 0.843-1.570, onc-sided; P = 0.811) between the placchbo and
combined active-drug groups, and the study was discontinued in March 2067. Condlusion:
Efficacy of vitamin K2 in suppressing HCC recnrrence was not confirmed in this double-
blind, randomized, placebo-controlled study. (Heratorocy 2011;54:532-540)

leading cause of cancer death worldwide, de wove carcinogcncsis.s" In addition, - precancerous
claiming 600,000 victims cach year. Because lesions and microscopic metastasis may already exist in

Hcpamccliular carcinoma (HCC) is the chird-  ablated, the 1'§maining liver recains the potential for

of advances in diagnostics and therapeutics, HCC can
now be curatively treated, if detected at an early stage.
Nevertheless, the fong-term prognosis of HCC is not
satisfactory, mainly becausc of its very frequent recur-
rence, which may occur after 4 long interval from ini-
tial “curative” treatment. Most cases of HCC develop
in the liver with drrhosis or advanced fibrosis.'™ Bven
if HCC nodules have beetn completely resected or

the remaining liver.

Adjuvant chemotherapy would be considered for
other solid malighancies with high risk of recurrence.
However, this is difficult in the case of HCC because
few conventional chematherapeutic agents are effective
and hepatotoxicity can be of critical significance, as

liver function is often already impaired. A randomized-

trial was performed with uracil-tegafur as postoperative
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adjuvanc therapy, but did not improve recurrence-free
survival, and overall survival appeared to be worsened.”
Safety is clearly a prerequisite 1o the use of adjuvant
therapy agents for HCC. Recently, 2 randomized trial
with peretinoin, a retinoid, in patients with previously
treated HCC was conducted. Although recurrence-free
survival was higher with high-dose peretinoin than
with placebo, there was no statistically significant
difference in the predefined primary analysis.

In 2004, Habu et al.? reported that the incidence of

development of HCC was reduced among cirthotic
women assigned to receive oral viamin K2 (45 mg/
day), originally for the prevention of osteeporosis,
compared to controls {risk ratio [RR]: 0.13; 95%
confidence interval [Cl}: 0.02-0.99) with « limired
number of subjects. Des-gamma-carboxy prothrombin
(DCP), an abnormal prothrombin produced in vita-
min K deficiency, is not only an HCC-specific tumor
marker, but also a predictor of portal venous wmor
invasion.'® A number of findings in vitro have indi-
cated that vitamin K may play a role in conwolling
cell growth, including inhibition of growth of HCC
cells.”* Vieamin K2 (menatctrenone) reportedly
induced differentiation of human myeloid leukernia
cells, as well as apoptosis in immature blast cells.'¢®
Vitamin K2 has been widely used for esteoporosis,
and its long-term safery has been confirmed. >
Thus, vitamin K2 would be an ideal adjuvant agent, if
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it could reduce HCC recurrence by preventing e nove
carcinogenesis or suppressing tumor growth.

In fact, a fow small-sized, controlled trials enrolling
45-61 patients have been performed to assess the effects
of vitamin K2 on HCC recurrence. Mizura er al.??
reported that vitamin K2 reduced HCC recurrence with
a muldvariate-adjusted RR of 0.27 (95% CI: 0.12-0.60)
and, possibly, improved survival. A preventive cffect on

“HCC recurrence was also saggesred by Kalizaki eg al,,*#

who found an adjusted RR of 0.45 (95% CI: 0.10-2.05)
for recurrence, although they failed to observe survival
benefits. Another study failed to detece a reduction of
HCC recurrence.”” Although these previous results were
inconsistent, considering the urgent need for prevention
of HCC recurrence, we judged that the effect of vitamin
K2 on HCC recurrence deserved evaluation in a larger
scale, randomized, controlled trial. The present study
was, therefore, performed as a multicenter, placebo-con-
trolled, double-blind trial enrolling 548 patients at 31
study sites in Japan.

Patients and Methods

Patients. Candidate parricipants were dhose who
had received curative treatment, in the form of local
ablation or surgery, for primary HCC or first intrahe-
patic recurrence. Diagnosis of HCC was based on
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histopachologic examination or typical findings on
dynamic computed tomography/magnetic resonance
imaging (CT/MRI) (i.c., hyperattenuation in the arre-
rial phase with washout in a later phase®™). Inclusion
criteria. were the following: 20 years of age or olde;
performance statts  (Eastern Cooperative Oncology
Group; ECOG) 0-2; ar.d compensated liver function
(albumin, >2.8 g/dL; total bilirabin, <2.0 mg/dL;
prothrombin time activity, >40%). Exclusion criteria
included the following: previous systemic or hepatic
arterial chemotherapy; extrahepatic metastasis; portal
vein invasion; interferon treatment within the previous
2 years or a sustained virologic response; uncontrol-
lable encephalopathy, -ascites, or plural effusion; a his-
tory of gastrectomy or extensive resection of the diges-
tive tract; malabsosption of lipophilic agents, including
a history of cholecystectomy; comorbidity with severe
cardiovascular, hematological, or renal disease; a his-
tory of cancer. other than HCC within 5 years; admin-
istration of watfarin; administration of vitamin K
preparadons within the previous 6 months; pregnant
or breast-feeding women, or women with childbearing
potential or intention; and ongoing participation in
other clinical studies.

Assigument. The srudy was conducted as a multicen-
ter, three-armed, randomized, placebo-controlled, dou-
ble-blind, comparative, clinical study. Partients who met
all criteria were enrolled and randomly assigned in dou-
ble-blind fashion to recrive 45 or 90 mg/day of oral
vitamin K2 or a placebo with dynamic allocation, based
on the modified minimizadon method by the registra-
tion center, which randomly allocated cach patient a
randomized study-drug number in the order of registra-
tion with a preset computer algerithm, adjusting for bal-
ance within each study site and across total registration,
considering factors that may affect HCC recurrence
(i.c., primary or recurrent HCC, medical ablation or
surgical resection, hepatids C virus (HCV)-related or -
unrelated disease, and concomitant adminiscration of
glycyrrhizic acid).”’ The investigators, study sponsor,
and patients remained blinded to the allocated deng
duting the study. The protocol was approved by the
cthics committee of cach participating  institation.
Patients were well informed of the decails of the study
and agreed to participate with writren informed consent.
This wial was conducted in conformity with CON-
SORT statements and in accord with the Declaradon of
Helsinki and good clinical practice and is registered as
NCT00165633 at Clinicaltrial.gov.

Vitamin K2/Placebo Administration. Fach padent
took one of the identical capsules (Eisai Co., Ltd.,
Tokyo, Japan), containing 15 or 36 mg of menatetre-

HEPATOLOGY, August 2011

none, vitamin K2 with four isoprenoids, or a placebo,
according to group assignment, three times a day after
each meal. Medications for chronic heparitis, such as
glyeyrehizic acid and ursodeoxycholic acid, were con-
tinued but could not be newly commenced. Antiviral
therapies (i.c., intetferon, ribavirin, and nucleos(t)ide
analogues, such as lamivudine) could not be adminis-
tered during the study. Vitamin K2/placebo adminis-
tration was discontinued when recurrent HCC was
detected.

Sample Size. The sample size was determined based
on previous reports on HCC recurrence among
patients who received vitamin K2 and those who did
not. Although a previous study reported an adjusted
HR of 0.27 (95% Cl: 0.12-0.60),” the study was
conducred in a small number of subjects and the 95%
CI ranged widely. We considered 30% risk reduction
clinically significant, und che 30% risk reduction was
conservatively adopred. Median discase-free  survival
(DES) was considered to be 2 years in the placebo
group, and the HR in the combined active drug
groups was assumed to be 0.67-0.70. Assuming that
DFS funciion followed an exponential distribution, a
wtal of 240-360 cvents were required to detccr the
effect of vitamin K2 on DES, with a onc-sided signifi-
cance level of 2.5%, power of 90%, and an allocation
ratio of 1.2 (placebo group:combined active drug
groups). To observe the number of events during the
follow-up of 3-3.5 years, 180 patients were required in
each group (540 in total), assuming loss of informa-
tion in 5% patients.

DFS. The primary endpoinc was DFS, dcfined as
the interval between randomization and either diagno-
sis of HCC recurrence (i.e., intrahepatic lesions adja-
cent to or distant from previously treated nodules, and
extrahepatic metastasis), cancer other than HCC, or
death from any cause. Patients who survived without
HCC recurrence ot cancer other than HCC at the end
of the study were censored on the day of last CT/MRI
cxamination showing no recurrence.

Assessment of Recurrence. HCC recurrence was
surveyed every 12 wecks with dynamic CT/MRI, to-
gether with  ultrasonography.  HCC-specific  tumor
markers, including alpha-feroprotein (AFP), AFP lens
culinaris agglutinin fraction-3 (AFP-L3), and DCP,
were monitored every 4 weeks, and dynamic CT/MRI
was addicionally’ performed when recurrence was
suspected by an increase in tumor marker levels. HCC
recurrence was diagnosed by hyperattenuation in the
arterial phase and hypoattenuadon in the porral
venous or equilibrium phase of dynamic CT/MRIL
Tumor biopsy was performed when findings on CT/
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Fig. 1. CONSORT flow diagram,

MRI were equivocal. The presence of recusrence was
finally judged by an independent review commitree,
which thoroughly reviewed the diagnostic imagings in
blind fashion. The day of recurrence was defined at
the time of first detection of recurrence.

Assessment of Safety. Safety was assessed at 4-week
intervals by interview, physical examination, and labo-
ratory tests. Adverse events were defined as any unrto-
ward or unintended events that occurred in a subject
receiving a study drug. Serious adverse cvemis were
defined as those that resulted in death or requited hos-
pitalizadon. Adverse drug reactions were defined as
adverse events possibly related to the study drug.

Statistical Analysis. The primary aim of this study
was to confirm the superiority of active drug two pla-
cebo concerning DES, and the secondary aim was to
evaluate the dose-response relationship between the
two active drug groups. DFS rate and median DTS
were calculated using the Kaplan-Meier method. Supe-
tiority and dose-response relationship were evalnared
by the log-rank test, using score statistics with contrase
coefhicients (—2, 1, and 1} and (0, ~1, and 1), respec-
tively, for placebo, 45-mg/day, and 90-mg/day groups.
HRs were calenlated using Cox’s proportional hazards
regression model. Adverse evenrs and adverse drug
reactions were tabulated based on groups and com-
pared with placebo by Fisher’s exact test,

Two interim analyses by the independent data mon-
itoring committee (IDMC) were scheduled. The first
was planned 1 year after the commencement of regis-
tration to assess safety. The second was planned when
160 events were recorded to assess significance of effect
by the finding of P < 0.005 (one-sided) or furlity.
Alpha spending was, for this interim analysis, defined

as 0.5% (one-sided), and the overall significance level
of statistical tests for the primary aim was maintained
at one-sided 2.5%, adjusted for multiplicity associated
with interim analyses by the method of Lan and
DeMets.>® The rule for stopping for reasons of futilicy
was defined as follows: The Bayesian prediciive proba-
bility™ of detecting a significant effect on obscrvation
of 360 events was less than 5%, ot the number of
events required to assure 50% condidonal power
exceeded 360. If the IDMC decided to condnue the
wial, the final required number of events (maximumn,
360 events) was o be recalculated to assure 809% con-
ditional power, with the overall significance level main-
tained for recalculation of the required number of
events by Cui's method*

Significance levels for homogeneity among the
groups were two-sided 15%, and others were two-
sided 5%.

Results

A total of 548 patients were cnrolled ac 31 study
sites in Japan and randomly assigned between March
2004 and Seprember 2005 (Fig. 1). Tumor biopsy was
petformed - in 14 patients, whereas  diagnosis  was
obtained radiologically in remaining patients.’® Effi-
cacy (ize., DFS) was assessed amonyg 548 patients (pla-
cebo group: 181; 45-mgf/day group: 182; 90-mg/day
group: 185). Safety was assessed among 539 partients,
excluding nine patients who' never took drugs. Two
patients took drugs at a dose different from that allo-
cated. They were included in the group of allocated
dose in the efficacy analysis, but in the group of
acrually received dose in the safety analysis.
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Table 1. Demographic Data

Placshe 45 mg/day 80 mg/day Total
Paramster Category/moaan = SD [n = 181} {n = 182} {n = 185) {n = 548} P Value
Gender (male/female} 108/73 117785 117/68 342/206 0.63581
Age (). 689 81 68.2 x 7.8 88,6 & 7.7 68.6 % 7.9 0.7163
Primary or {primary/first ) 144/37 144738 144741 432/116 08915t
Medications given Immediately befare 17477 173/8 180/5 527721 0.534}
ragjstration (local therapy/surgery)

History af drinking (nio/yes) 79/102 87/115 13/112 219/329 04071
Hepatitis (no/yes) 3/178 1/181 3/182 /541 0.5631
Etlology§ (HBV/HCV/ alcoholic/ UK) . 20/150/6/5 23/153/10/3 16/153/11/5 58/455/27/13 -

G j administration of glycynhizic acid (no/yes) 101/80 98/83 101/84 3017247 0.958%
Liver chithosls (no/ves) 32/148 31/143 457137 1147428 0,2531
Number of tumors 14207 14+ 07 14 £ 0.7 14 07 0.853¢
{1/2/3 <) 127739718 129/40/13 131731717 387/116/48 -
Diameter of tumor (mm) 2031786 204 %78 183+ 72 200 £ 78 0.340%
Stageq (I/4/11) 81/15/25 B7/74/21, 93/74/18 361/223/64 0.433%
PS (ECOQ] {0/1/2) 165/14/2 17171871 176/7/2 512/31/5 0.295!
Child-Pugh class** (A/B) 154727 163/19 160/25 471/11 0.430f
BCLG staging system (0/A/B/C) 53/115/11/2 54/117/10/1 . 61710371372 188/341/34/5 0.862"
Albumin {g/dL) 3.81 * 050 3.83 £ 0.40 3.85 x 048 3.83 % 046 0.6314
Tatal bilirubln (mg/dL) 0.93 * 0.36 0.81 : 0.35 0.86 x 0.35 0.90 + 0.35 0.1394,*
Active prothrombin (%) 794 % 139 80,0 £ 13.7 811 x {54 80,2 x 143 0.512%
Platelet count { xi()‘/;t(.) 10.66 + 4.38 10,72 = 510 11.32 * 5.69 10.90 * 5,08 0.389%
AST (1U/L) 61.7 x 28.7 1.1 x 50,0 69.6 = 29.8 64.1 = 37.7 0.008%,*
ALT (fU/L) 55.9 * 334 60.8 £ 483 53,6 * 382 56.7 + 39.7 0.214%
DCP (mAU/mbyt! KEN ] 1841 % 1,869.5 27.4 260 819 = 10827 0.295%
(«<40/40 </UK) 15572571 165/17/0 183/19/3 483/61/4 -
AFP (ng/mlyt* 3878 & 7442 355.50 & 4,212.33 30,71 & 50,25 140.88 £ 2,423,856 0.346%
{< 1007100 </UK) 164/17/0 186/15/1 1787770 508/38/1 -
AFP-L3 (%) 4.08 + 896 3.46 * 699 4,75 x 10,76 4,10 = 9.06 0.399¢
{<15.0/15.0 /UK 17476/1 173/5/4 17171371 518/24/6 -

*P < (015,

i test.

$0ne-way analysis of variance.

§Multipte complication,

qThe General Rules Yor the Glinical and Pathological Study of Plmary Liver Cancer, November 2000 (4th ed.),

FRruskal-Watls test.

**Classified in accord with the General Rules for the Clinlcal and Pathological Study of Primaty Liver Cancer.

HCaloulated, excluding unknown cases.

Healculated, assuming that vatues less than the lower limit of detection wete 0.

AFF, alpha-fetoprotein; AFP-L3, alpha-felaprotein lens culinaris agglutinin fraction-3; ALT, alanine aminolransf AST, t i i ; BGLC, Barce-

lona Clinle Liver Cancer Staging Systein; DGR des-gamma-carbaxy prothrombin; HBV, hepatitis B virus; HOV, hepatitls © vitus; PS, performance status.

The first interim analysis was performed in June
2005, and no problem was found conceming safety.
The second interim analysis, performed in November
2006, indicated that vitamin K2 did not preveat recur-

" rence, The IDMC thus reccommended discontinuation
of the study. Data on :fficacy shown in the current
report were those presented at the second interim anal-
ysis, and data on safety were those obtained at termi-
nation of the study (March 2007).

Patients. Baseline characteristics of the 548 patients
are summarized in Table 1. The study population was
composed of 342 males (62.4%) and 206 females
(37.6%), with a mean age of 68.6 ycars (range, 39-88).
The majority (432 parients; 78.8%) were enrolled after
treatment of primary HCC. Medical ablation was the
dominant therapeutic meodality for HCC (527 patients;

96.2%). The tumor nodule was solitary in the majority
of patients (387 pacients; 70.6%), and median diameter
was 19 mm (range, 6-60). HCV infection (455 patients;
83.0%) and che presence of cirrhasis (429 patients;
79.0%) were both common. The majority of patients
had liver function reserve in Child-Pugh class A (477
patients; 87.0%) and ECOG performance status of 0
(512 patients; 93.4%). Homogeneicy was shown among
the three groups for all baseline characteristics, including
all stratification parameters, except total bilirubin and
aspartate aminotransferase levels.

Events. During the study, HCC recurrence (i.e, in-
trahepatic lesions adjacent to or distant from previ-
ously treated nodules, and extrahepatic metasrasis),
cancer other than HCC, or death from auy cause were
detected in 38, 52, and 76 padents in the placebo,
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Fig. 2. Disease-free survival of placebo, 45-mg/day, and 80-mg/day
groups.

45-mglday, and 90-mg/day groups, respectively. Three
patients developed cancer other than HCC. One
patient in the placebo group developed malignant lym-
phoma, one patient in the 90-mgiday group developed
colon cancer, and another developed lung cancer. In
addicion, four patients in the placebo group and one
patient cach in the 45-mg/day and 90-mg/day groups
died without HCC recurrence. Causes of death were
liver failure in four patcnts and acute myocardial in-
farction and pncumonia in onc patient cach. Death
without HCC recurrence was treated as ‘an event,
along with HCC recusrence and development of can-
cer other than HCC, in DFS analysis.

Local recurrence, as defined by adjacency to a previ-
ously treated HCC nodule, is mainly the result of
incomplete ablation and may have compromised che
efficacy of the active drug. Whether or not recurrence
was local was rigorously reviewed by the independent
review committee, and HCC recurrence in 8, 6, and
11 patients in the placebo, 45-mg/day, and 90-mg/day
groups, respectively, was judged to be local. Incidence
of local recurrence did not differ among groups.

Intraheparic recurrence not adjacent to previously
treated nodules may have actually been the result of
a small HCC not detected at the time of initial weat-
ment. Although such a restdual tumer cannot easily be
distinguished from de movo carcinogenesis, recurrence
resulting from residual tmor is thought to occur
carly aftér treatment. Incidences of recurrence within
180 days of HCC treatment were 25, 16, and 34 in
the placebo, 45-mgf/day, and 90-mglday groups,
respectively (P = 0.029 among the groups by log-rank
test).
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Extrahepatic metastasis also indicates the presence of
surviving cancer cells. However, exerahepatic recurrence
as the first manifestation of recurrence was sare in the
present study and was found in only one patent each
in the placebo und 90-mg/day groups.

DFS, Time to Disease Occurrence, and Overall
Survival. Median DFS values were 540 and 541 days
for the placcbo and combined active-drug groups,
respectively, as estimated by the Kaplan-Meier method.
DES rates were 69.8% (95% Cl: 61.4%-76.7%) and
64.9% (58.8%-70.4%) at 1 year for placebo and com-
bined active-drug groups, respectively. The difference
in DFS was not statistically significant (HR: 1.150
[0.843-1.570); one-sided; P = 0.811 by log-rank test).

The dese-response relationship was assessed berween
the 45-mg/day and 90-mg/day groups. Median DFS
values were 560 days in the 45-mg/day group and 455

"days in the 90~-mg/day group (Fig. 2). DFS races ar |

year were 68.3% (95% CI: 59.2%-75.8%) in the 45-
mg/day group and 61.6% (53.0%-69.1%) in the 90-
mg/day group. There was no trend toward dose-de-
pendent increase in DFS (HR: 1.451 [1.018-2.067];
one-sided; P = 0.982 by log-rank rest).

Analysis of DFS for per protocol population was
performed among 510 patients, excluding 38 from
548 randomized patients because of major protocol
violations. Similar results were obtained in the per pro-
tocol population in DES analysis.
< Median time to discase occurrence was 547, 560,
and 496 days in the placcbo, 45-mg/day, and 90-mg/
day groups, respectively (Fig. 3). Cumulative discase
occurrence rates at 1 year were 282% (95% CL

88

90% ;. Phetito (n=181)
i e 45glda (ri=182)
8' *exns 2 B0mGIday (n=188)

SO |
0. 80 120 180 :240 ;300 360 420 480 540
No. of patiénts. Tiing to disease doourrence. (Days)

Placsbo 181 185 146 125 17 By 79 58 30 28

45mg/day 85 {48 141 M4 76 T4 50 30 17
tomglday 186 Y68 144 196 03 77 74 8560 37 26

Cwmtaﬁve' ﬁisease'oemnanceéraie‘_(‘/g}

Fig. 3. Cumulative disease occurrence rate of placebo, 45-mg/day,
and 80-mg/day groups.
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Fig. 4. Overall supvival rate of placebo, 45-mg/day, and 90-mg/day
graups.

21.4%-36.6%), 31.2% (23.7%-40.4%), and 37.7%
(30.2%-46.3%), respectively.

Overall survival rates atr 1 year were 97.2% (95%
CL 92.49%-99.0%), 99.2% (94.7%-99.9%), and
98.7% (91.4%-99.8%) in the placebo, 45-mglday, and
90-mg/day groups, respectively (Fig. 4).

Subgronp Analyses. Enrollment was stratified by
whether patients had been weared for primary HCC,
medical ablation or surgieal resection, HCV-related or
-unrelated discase, and concomitant administration of
glycyrehizic acid. There was no significant difference in
DFS berween the placcho and combined active-drug
groups in any stratification paramerers (Table 2).

HEPATOLOGY, Auguse 2011

Safery. Safety was assessed among 539 patients.
Incidences of adverse events were 88.3%, 88.3%, and
89.0% in the placebo, 45-mgfday, and 90-mg/day
groups, respeciively, and those of adverse drug reac-
tons were 11.2%, 18.0%, and 15.5%, rcspccnvcly
(Table 3). There was no significant difference in the
incidence of any adverse event or adverse drug reaction
between the placebo and active-drug groups.

Discusslon

In this study, we found no effect of vitamin K2 on
the recurrence of HCC. Even the dose of 90 mg/day
of vitamin K2, twice the recommended dose for osteo-
porosis, was not effective. In fact, recurrence was more
frequent in the 90-mg/day chan in the 45-mg/day
group, though not o a swristicaly significant extent.
There was a tend toward high AFP-L3 positivity at
entry in the 90-mg/day group, including 13 parients
positve for AFP-L3, compared to sty and five pacients
in the placcho and 45-mgiday groups, respectively.
AFP-L3 positivity may have indicared residoal cancer
cells, which may have been related to the increased
incidence of recurrence. However, the resules of analy-
sis of recusrence remained similar when patients posi-
dve for AFP-L3 were excluded.

In this stady, status after weatment of recurrent
lesions versus natve was associated with an increased
risk of recurrence (data not shown). Because this was
charactesistic of the original neoplasm, this was prob-
ably related not with de nove or seccondary primary

Table 2. Subgroup Analyses of BFS by Stsatiflcation Paramater

Pavamoter Level Trealmant Group N HR {asueny
Primary or racurrence HCC
Primary Plagebo 144 1.000
Camnbined active drug 288 1.061 (0.742-1.619)
Recurrence Placabo 37 1,000
Conhined active dig 78 ) 1414 (0.751-2.664)
Medical ablation or surgleal resection
ihedical ablation Placebo 174 1.000
Carbined active dug 353 1.152 (0.B40-1.579)
Surgiral resection Placebo 7 1.00¢
Corblned active drug 14 0.807 (0.113-5.745)
HCV-related dissase
Yes Placebs 150 1.000
Combined active drug 305 1.214 {0.862-1.710)
No Placebo 31 1.600
Combined active drug §2 0.837 (0.397-1.767)
C i Iministration of glycynhizic acid
Yes Placebo 80 1.000
Combined active drug 167 1.360 {0.865-2.129}
No Placeba 101 1.000
Combined active drug 200 0.958 (0.620-1.479)

DFS, disease-free survival; HCC, hepatocellular carclnama; HCY, hepatitls € virus; HR, hazard ratie.
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Table 3. Summary of Adverse Events (Safety Analysls Set)

Ineidancs
Traatmsnt Sropp N Casa % {35% e P Valpe®
Adverse event Flaceho 179 158 88.3 (82.6-82.6) -
45 my/day 179 158 883 (82.6-92.6) 1.000
90 mg/day 18t 161 89.0 {83,5-93.1) 0.869
Adverse drug reactiont Placebo 178 20 112 {1.0-16.7) -
45 mg/day 178 32 180 (12.6-24.3) 0.098
90 mg/day 181 28 15.5 (10.5-21.8) 0.278
Serious adverse event Placeba 179 &2 28,1 {22.5-36.3) -
45 mg/day 178 40 224 {16.5-29.2) 0.183
90 mg/day 181 48 265 (20.2-33.6) 0.638
Seriotis adverse drug reactiont Placeba 179 1 0.6 {8.0-3.1) -
45 mg/day 178 3 1.7 (0.3-4.8} 0.622
90 mng/day 181 2 11 {0.1-3.9) 1.060

*Compatisan with placebo group by Fisher's exact test.

tAmong advetse evetts, causal relatianship of something other than “nat related” to the study drug.

HCC, bur with recurrence resulting from microscopic
residual cancer or intrahepatic metastasis. On the other
hand, other factors, such as alcohol consumption, low
albumin concentration, and high total bilirubin con-
centration, were also associated with risk of recurrence
(data not shown). These are also risk factors of pri-
mary HCC development among chronic  hepatitis
patienes, and we consider them to indicare the risk of
de nove carcinogenesis. In other words, we observed
two types of HCC “recurrence,” intrahepatic merasta-
sis and de novp HCC, although it may be difficalt to
distinguish them in cach case. Previous reports sug-
gested the possibility that vitamin K may be effective
against both types of HCC recurrence.”® However, it
is also possible that the effect of vitamin K on HCC
recuerence is limited to either inhibition of tumor cell
growth or reduction of de nove carcinogenesis. We per-
formed subgroup analyses by stratifying patients, based
on several tumor-related facrors, and evaluated the
effect of viramin K on HCC recurrence in each
stratum, but recurrence was decreased tn none (dara
not shown).

Prevention of de nove hepatocarcinogenesis by
vitamin K was first reported by Habu e al.” among cir-
thotic women who took vitamin K2 o prevent osteo-
porosis. In the present study, HCC recurrence resulting
from merachronous e novo carcinogenesis should have
been reduced by vitamin K2. However, such an effect
may have been obscured in the overall analysis because

_of the presence of recurrence resulting from intrahe-

patic metastases. In the subgroup analysis among
patietits with decreased plateler count, HCC recurrence
was marginally seduced in the 45-mg/day group, com-
pam:d to the placcbo group {data not shown). However,
no effect was ohserved with the dose of 90 mg/day.

High-dose vitamin K is unlikely o induce heparocarci-
nogenesis, because no carcinogenicity has been reported
for this vitamin. However, the growth of HCC cells
may be dependent on vitamin K. Viamin K deficiency
has been reported in HCC tissues,?’ but it is not
known whether replacement of viramin K facilitates or
suppresses tumor growth iz vive. Caution is needed in
the administration of high-dose vitamin K w HCC
paticnts at high risk of intrahepatic metastasis. The esti-
mated 30% risk reducton of recurrence was not con-
firmed, and the effect of vieamin K on recurrence, it
any, might be observed only in carefully selecred
patients in a very large-scale trial. If effects of vitamin
K2 on HCC prevention are to be further investigared,
a preferable endpoint would be the suppression of
primary HCC in patients with cirrhosis or advanced
fibrosis wsing the dose of 45 mglday.

Poon et al.” reported that intrahepatic recurrence
were classified into early (<1 year) and late (>1 year)
recurrences, which scemed to correspond to intrahe-
patic metastasis and be multicentric in origin, respec-
tively. The present study was texminated approximately
1.5 years after the start of enrollment, according to the
recommendadion of IDMC. If we are to asswne char
vitamin K2 at 45 mg/day reduced 4z novo carcinogen-
esis, it may have been necessary to observe for recur-
rence for more than 2 yeass.

Conclusion

In conclusion, the efficacy of vitamin K2 in sup-
pressing HCC recurrence was not confirmed in this
double-blind, randomized, controlled study.
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EHOMTHA L, INEEEECRI3RATFERERY L O TRET 5.

&R B L UHE]
1. X%

BRI 19996 B X b, 200945 AR E Co 10 ERI, Uk THT X N B
4% RFA 04 1306 B, 345580, 3295 v av b s, NREHORFUSFFHIEE (LT,
HCC) 1228 i, 3297 &, FH4EH 68.2 (34-88) &, WEBHENFIES (BIF, META) 7341
152 §&f, FR4EMR 65.6 (36-83) oF, MEEHINEME (LT, CCC) 54U, 6#i#H, 68.4 (56-73)
FCH 5. EENGEEE L LT MBS T RFA DT & 41/ HCC 705 61 (P4 70 &, F
BB 2.2cm) It RO TENTHEERN L., BEUEMohRET 2411 v B (1-127 v A)
TH5.

2. WMBHic B B RFA OFRIC 20w T
Wiz 331F 5 REA OB, MEEER Scm BUF, 3 MEEIBUA, Mg 3 HRLL, PT 40% ELE,
gy b ur—AREOBADE Y, BENCSHNTHETHS I L2FMEL TS, L, I
5 O RBET AES O FEL .
RFA I, £6, BEEFUTICEENICIT > %, B/ REAZER, Cooltip RF System,
LeVeen (JHRTC), RITAV A5 4, Celon RFAV AT LD AEETH 5,
BUF, MBzic® i) % RFA S5 LS 2 B LR D AR THRIT 5.
1) BESRHERORE
Frynfam B oIk, AL L T4, RPA BT EERRER2TTY, % R I
L¢3 H@# & Lipidol ® emulsion 28I L 7=, JAEERFHIEE, RFA #0 dynamic CT T
#f\», Lipiodol 2848 L 7 Jif & ablative area k MBI{RD &, WHHRE RO~R3 D 4 8¢
AL, &AM ablative margin DERI N TV % R2 B2 EEE L.
2) TRFREREEA I B RS ’
BERETRECELATLRAE (2001 %~) 28AL, 98Lyi 3 Ve L. M
IR I i LT, ATHKE (2002 ~) WAL 33 &y s viTfALE.
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3) RPA EESEFIEROEA

FEE O B-mode HBH W TH Hﬂ:lﬂ?ﬁﬁ&ﬁ% EINEECRRBERAIC R L Cix, B
F 7 RO R X b BREICEIRE T % 72 1T, Reallime virtual sonography (RVS; HIZA 74
afh, 2003 4E~) RV FVA FEFL a—% (2007 F~) 2EALK,

[BRig]
1. RFA%& v a »»OfE

IR OBER & IBER OB TIE, HCC #, 2.0+0.8(0.5-8.4) crn, META B, 2.3+1.1(0.6-6.1)
cm, CCCH#, 3.321.7 (1.2:5.9) cm T, CCC#, META B, HCCHOIETHEOAEZ -
7z (p<0.01). L 7EBOE A, Cooltip-RFA system (77.5%), LeVeen (7.4%), RITA
(14.3%), Celon (0.8%) Th-otz. §FH L -%E L BEREOMERCIX, B O LeVeen B &
UF RITA %% Cool-tip RF system Ic lh THBICA E ARENOGER X LT v (p<0.001), 15
B 7 DI HEfT E 4172 RFA D v & 3 UEUET 1.1840.44 (1-4) v a0, BHROK
ERIBEEICIZEE Ly 2O RFADIBITIN T, -
2, HCC X7 % RFA OEHITROME

£HEH (n=705) ORBEFEIL, 3479, 54598, 74 44.1% Th o', JIS score I
D 34E, B, 7THEEFREE, JIS0 (1414) T, 2nFh91.9, 74.5, 49.8%, JIS 1 (257 #il),
81.3, 64.3, 48.9%, JIS2 (169#1), 72.4, 45.3, 32.2% TH o=,

. BRI W T

éﬁ&ﬁuﬂ@&iﬁ%’:%% LD, ER2B»rTERLAMHES 33/3205 £ v > a v (1.0%),

33/1306 FEBY (2.5 %) D, TERFECRIZED o ik, '

[E%]
Livraghi 51X, 2cm BUF, B8 HCC i RFA # Ist choice ELTRLEFHELTwE,

SRHIIRE L HBE L9\ JIS O e B LCAB &, BA 0 TAB% L2 3 Fe 5 1%, KHOF

VD72 LI L COBELZWERFETH 5, Yo RFA OFEEIE, FHOEEVICHRD
AR LECORBETHD, HREOBVEELEICHE,

KFnu
& Y GHHE % BT Z>§§7‘J IRRETEAS, REA NEUFRIGE R L T, B—RIR0REE L
LTRWEEZ OGNS,

(k)
(1) KigtEsk, & . Pl 2001; 42:22-28.
(2) BHEAIE , & . Kl 2008; 49:192-199.
(3)Livraghi T, et al. Hepatology 2008; 47:82-89.




SY2-3 BEBHFREBENEOWEIRERBERICBT BT I/ #E50
EE RERER - 2NN

REfR-+ele Hitas
REE 8], AN B, Kk

[F#]

HBV ¥ % U 7 3 £MHAFTHIMETHABD , K CI2H 130 HABRE D BEEDHEE X
w3, Kic B HBEFRIOREMNED o, ERBUIFEE~OBRTRNRERBEI Y,
EfHER ETHICES, BEFHCIEBEFRIA VA (HBV)OBEL LTS ¥y —7 20V,
7 7 FHHF (NA) BB IN T34, NABEBEOBIRER P KoL TTHEHEZELS
v,

WA, NAWRBIC L DIPTANREBEMZ 52 L0, [HEEOEEZIH LSSt iy
LA H B Z EWRE o 0H B, D)

7208, EEBRICHBELAZENCE T2 NABREBEOBBII OV TERL TR R,
NA BEORBIEIREC OV TIR> ¥ ) &k LAEBBI, 39

AT NABEREICRRETEN TR Y, HFETHAE I v ¥ AGHTEREIT JEREN
TH B, SEBA EWFFERE IR 3RIBHE0 NAKRBOBRIZ DO TEAAFICHE L %,

[FEE] .

1992 g k b Z i T MG L /- HBsAg k0> HCVAD B EHI ¢, 3cm MTF 3
AT & LS i 5em UTHEEDFEICN LRMS L Cd 7 24 AR 22 R L, REkE
BEEBRLEIONS BHDIE, VA NABPRETCE R B HIZE, X oI EFEMRK
M ER RO 9P RERI 724 (B /4 :57/15, FihpR{E S8R, SN 7.6x
34.8 # H) 2RRI, O2EFHH L OMBUEREER XU TN EFSTIETFTR2RN L,
WENEEES (b L &, 20D 226 0 NA BEOAEMEIC X b, NA RS (n=37), av bu—
MV (JEIREE ) BE (n=35) @ 2 I 7z, EEROBEcIk, BEBLIINAZRS L6802
2y bu— AL YR LR 66 Flic oW THEE L 7,

FEI9EF (4 - 5 - Genotype - HBe #i JE - ) [fl 3 #% ¥ o HBV DNA & - ALT -
T-bil - ALB - Child Pugh 4% - Plt - FFEZ & 4 - % - Y 4 X - AFP - PIVKA-2 -
NABREOER - AR - BIrEREE - IHREEE) 2 L BRI - SERBRZzHY, &
EEXITEEEERRCES T RTRHEE Lk, b, S5 REERERoREIE
Kaplan-Meier % X Of Log-rank Mg % B v /e, £/, SEEMITICE Cox il F— Fafr
2 HEWE,

(% O
4 ER OB 13, BEBRMTT HBe HUE (p=0.001), Ifi¥ ALB & (p=0.004), Child
Pugh 4748 (A vs B,C) (p=0.04), NA B (p=0.009) HEHFKEFST2HELETF CHo%, B

503



504

I FEGAERR IR (MST) 1 NA BT 1115 b ATHY, av bo—LBC933 2 AT, i
BRI 18.2 4 HORIRD & 0k,

F7e, SEBMBN T HBe FiIR IS (HR 5.02(95%CL1.15-21.8]) & NA Y% (HR 0.164
[959%CL:0.03-0.84]) ® 2 HE BEFIHET 5 HFTH o1z,

Overall Survival: NA treatment +/-

MST:111.5months

MST:83.3 months

0 P © e € 100 120 140 (months

(%R @)

RUEHRAROKN ¢, BEEREN C HBe HiE (p=0.004), Iu# ALB & (p=0.020), Child
Pugh 7348 (p=0.001), FEEHES (1 vs 2,3) (p=0.003) PHEBERICELET5EHFTHD, NA
B (p=0.200) k2 ¥ } @ - VBICERESS EIEH 2 b 00, HEEES oIk,

iz, HEBMETTIIEEMEE (HR 4.02[95%CL1.28-12.6)) O A DR BERICES T 2 K

FTHolk,

+

Cumulative Recurrence Rate: NA treatment +/-




(% - #558)

SEIDMEHT T NA RS R PHEECEL 2 BERRTTH 5 - LWRENE, ©F,
BB OBEANMFINOBES AT, TCT 4 VAMBIZIER X 3 R LR, 2IUcfuE
FERAA~OBIEES T L2 5 2 L BRKRILEFLRORB IO AN b0 LR E NS,

elE, av - LB BT 2 EEARIPOOIEMRL ZNYUBETRE(BREI L, S
b, REHRD o RENCOEC 3 IEER T RIS SHME OB Ic X 2 EBES T H 5 W
VI, £ D7) NABEIC & 2 SHEMGIRIRIR, 2RO ERESE L L CHA LB G EM%)
WERN B RIS D 5, NAWRENIGE > TER 10 TH D, BN X 2 5020
RO TRSBROBFOFERELHFOLEND 2,

(3CHR) »
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