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An interim safety analysis of hepatocellular carcinoma patients 
administrating oral vitamin K with or without sorafenib
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Backgrounds/Aims: Vitamin K may plays a role in controlling hepatocellular carcinoma (HCC) cell growth. In this study, 
we intended to present 5-year experience of 72 patients receiving oral vitamin K with or without sorafenib. Its end-point 
was to evaluate the safety of combination therapy using sorafenib and vitamin K. Methods: An interim analysis was 
performed as a single-arm cross-sectional study, including 72 HCC patients who underwent liver resection or trans-
plantation and administered oral vitamin K2 alone (n=47) or with sorafenib (n=25). Results: In all patients, administration 
of vitamin K2 analog 45 mg/day did not show any noticeable adverse side-effect during vitamin K therapy of 23.3±10.6 
months, except for one patient who experienced skin rash at the third day of vitamin K therapy. In 25 patients receiving 
sorafenib and vitamin K for 6 months or longer, any noticeable adverse side-effect suspected of vitamin K origin was 
not identified yet. A small proportion of patients showed unexpectedly favorable anti-tumor effects after use of vitamin 
K with or without sorafenib. Conclusions: Because add-on of oral vitamin K did not increase the adverse side-effects 
of sorafenib, a combination therapy with these two agents appears to be worthy of further clinical trial with an expect-
ation of synergistic therapeutic effects. (Korean J Hepatobiliary Pancreat Surg 2015;19:1-5)
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INTRODUCTION

The most common primary liver cancer, hepatocellular 

carcinoma (HCC), accounts for 70-85% of all liver 

cancers. Cancer progression is associated with an abroga-

tion of the normal controls that limit cell migration and 

invasion, eventually leading to metastasis. The epi-

thelial-mesenchymal transition (EMT) is proposed as a 

crucial step in promoting cell migration, tumor invasive-

ness and metastasis. EMT is a transient and reversible 

switch from a polarized, epithelial phenotype to a fibro-

blastic or mesenchymal cellular phenotype, the latter ex-

hibiting highly motile and invasive properties.1,2

Vitamin K has the ability to prevent the development 

of HCC in women with viral cirrhosis.3 A number of find-

ings in vitro have indicated that vitamin K may play a 

role in controlling HCC growth.4,5 In the absence of vita-

min K or in the presence of vitamin K antagonists, abnor-

mal prothrombin (des-gamma-carboxy prothrombin [DCP]; 

or protein induced by vitamin K absence antagonist II 

[PIVKA-II]) is released into the blood. The precise mech-

anism by which HCC produces DCP remains still unclear, 

but it is suggested that HCC cells may shift to a DCP-pro-

ducing phenotype when they gain migratory or invasive 

properties through EMT.6

Sorafenib is a multikinase inhibitor that targets several 

serine/threonine and tyrosine receptor kinases.7 Despite its 

therapeutic efficacy, sorafenib treatment in HCC patients 

causes DCP levels to increase, and paradoxically, the ele-

vation of DCP may also indicate a highly therapeutic ef-

fect of sorafenib.8,9 This induction may represent tumor 

suppression due to the anti-angiogenic effects of sorafenib 

because hypoxia stimulation is known to impair vitamin 

K uptake and to induce DCP in HCC.10 These findings 
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led us to hypothesize that a synergistic therapeutic effect 

against HCC could be achieved by combining sorafenib 

with vitamin K treatment.

Clinically, we had administered oral vitamin K2 analog 

for HCC patients with an expectation of some anti-tumor 

effects. We experienced favorable outcomes in a few pa-

tients with metastatic HCCs, but meta-analyses including 

a randomized controlled study failed to prove its pre-

ventive and therapeutic effects.11,12 Currently, sorafenib is 

the only effect-proven therapeutic agent for patients with 

HCC lesions which are not manageable with loco-regional 

treatments,13,14 but its therapeutic response is often dis-

appointing despite its adverse side-effects.

We have carried out two separate studies, one ex-

perimental in vitro study and one single-arm clinical 

study. In the experimental studies, we already demon-

strated that sorafenib and vitamin K can function synerg-

istically to inhibit the migration and proliferation of HCC 

cells.15,16 In this clinical study, we presented our 5-year 

experience of 72 patients receiving oral vitamin K2 with 

or without sorafenib. Its end-point was to evaluate the safe-

ty of combination therapy using sorafenib and vitamin K.

MATERIALS AND METHODS

An interim analysis of single-surgeon’s clinical experi-

ence (SH) was performed as a single-arm cross-sectional 

study. Vitamin K therapy was primarily indicated for 

HCC patients showing high DCP level in this study 

protocol.

After resection of primary HCC, oral vitamin K2 

(menatetrenone: Glakay; its primary indication is osteopo-

rosis) of 45 mg/day (15 mg three times per day) has been 

administered with a preventive intention since early 2008 

along following indication criteria: preoperative DCP lev-

el ≥100 mAU/ml combined with any of following patho-

logical findings (HCC with microvascular invasion and di-

ameter ≥5 cm, macrovascular invasion, or bile duct tu-

mor thrombus). Patients with recurrent HCC lesions after 

curative resection were also indicated if postoperative 

DCP level raised to be ≥100 mAU/ml. In contrast, post-

transplant HCC recurrence in liver transplant recipients 

was indicated for oral vitamin K2 therapy regardless of 

DCP level. When various loco-regional treatments failed, 

sorafenib was administered to these HCC patients. When 

anticoagulation therapy had to be concurrently used, oral 

vitamin K2 therapy was ceased before use of warfarin and 

dropped out from study; sometimes rivaroxaban (Xarelto, 

Bayer) was used to continue vitamin K therapy.

Until the end of 2013, a total of 72 patients received 

oral vitamin K2 therapy for 6 months or longer. Vitamin 

K therapy was used with a preventive intention (start just 

after liver resection) in 35 liver resection patients and with 

a therapeutic intention (start after HCC recurrence) in 22 

liver resection patients and 15 liver transplant recipients. 

Of them, 25 patients concurrently administered sorafenib 

due to failure of loco-regional treatments (18 resection pa-

tients and 7 transplant recipients).

Their medical records were prospectively collected ac-

cording to the study protocol. The specific data regarding 

on adverse side-effects from vitamin K2 therapy were an-

alyzed at June 2014 according to the end-point of this 

study. The study protocol was approved by the Institutional 

Review Board of our institution.

RESULTS

The mean age of 72 patients were 54.3±6.3 years and 

61 patients were male. Their primary background liver 

diseases were viral hepatitis B in 56, viral hepatitis C in 

7, alcoholic liver disease in 4 and others in 5. All patients 

received antiviral treatment if indicated. They were regu-

larly followed up every 2 or 3 months for surveillance of 

HCC recurrence.

In all patients, administration of vitamin K2 analog 45 

mg/day did not show any noticeable adverse side-effect 

during vitamin K therapy of 23.3±10.6 months, except for 

one patient who experienced skin rash at the third day of 

vitamin K therapy thus being dropped out. In 25 patients 

receiving sorafenib and vitamin K for 6 months or longer, 

any noticeable adverse side-effect suspected of vitamin K 

origin was not identified yet.

In patients with HCC recurrence, DCP level was dra-

matically decreased close to the baseline values after vita-

min K administration and maintained stably unless the re-

current HCC lesions progressed very aggressively.

As being an interim analysis focused on only vitamin 

K-associated side-effects, the HCC recurrence and surviv-

al outcomes of these patients were not analyzed yet; in-

stead we briefly presented two selected patients demonstrat-
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Fig. 2. A liver transplant recipient demonstrating vitamin K-associated anti-tumor effect on isolated pulmonary metastasis. A
58 year-old female recipient had isolated lung metastasis 18 months after transplantation, thus sorafenib and vitamin K were 
administered for 30 months. (A) Since lung mass progressed slowly, sorafenib was discontinued due to disease progression and
only vitamin K was administered for more than 12 months. (B) The patient is currently doing well without any serious symptom
despite very slow tumor progression.

Fig. 1. A liver resection patient 
demonstrating vitamin K-asso-
ciated anti-tumor effect on multi-
ple HCC metastasis. A 50 year-old 
female patient showed lumbar 
spine metastasis 4 months after re-
section of two small HCC lesions. 
(A) Despite radiotherapy, bone 
metastasis aggravated. Multiple 
lung and intrahepatic metastases
occurred with high rise of HCC 
tumor markers (AFP 2070 ng/ml 
and DCP 610 mAU/ml). (B, C) 
Transarterial chemoembolization 
was performed to the intrahe-
patic recurrence. (D) After oral 
vitamin K was administered for 
6 month, intrahepatic metastasis 
disappeared, lung metastasis were
regressed and bone metastasis 
was stationary, with normaliza-
tion of all tumor markers.

ing definite anti-tumor effect of vitamin K alone (Fig. 1) 

and with sorafenib (Fig. 2).

DISCUSSION

The escape of carcinoma cells from a solid tumor can 

be due to de-differentiation of epithelial cells via the loss 

of cell-to-cell contacts and the concomitant gain of mi-

gratory and invasive abilities.17 This phenotypic con-

version of cells, collectively designated as EMT, has been 

described in different types of carcinoma cells including 

HCC.18,19 Accumulating evidence suggests that EMT plays 
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a pivotal role in the dissemination of malignant hep-

atocytes during HCC progression. A recent study by 

Dooley et al.19 clarified the role of hepatocytes in hepatic 

fibrosis and demonstrated that primary mouse hepatocytes 

lose their epithelial phenotype in response to TGF-β 

through the loss of E-cadherin and upregulation of SNAI1 

which represents a potent transcriptional repressor of 

E-cadherin. This switching loss of E-cadherin expression 

is a critical step in EMT, and E-cadherin is therefore 

emerging as one of the caretakers of the epithelial 

phenotype.20

Our precedent experimental studies demonstrated that 

E-cadherin expression increases in HCC cells in response 

to hepatocyte growth factor (HGF) in a concen-

tration-dependent manner.15,16 Concurrent treatment of 

these cells with HGF and vitamins K1/K2 inhibits cadher-

in switching. These findings indicate that there is a syner-

gism between vitamin K and sorafenib in HGF-induced 

cell scattering by enhancing the expression of E-cadherin 

and reducing the expression of N-cadherin, both of which 

play crucial roles in EMT. Combination of sorafenib and 

vitamin K also enhances inhibition of HGF-induced cell 

proliferation and migration/invasion in vitro to a greater 

extent than either agent alone. We demonstrated that vita-

min K1/K2 or sorafenib alone decreases p-MET and 

p-ERK levels, but vitamin K at low concentrations in 

combination with sorafenib produces a greater reduction 

of p-MET and p-ERK levels. Vitamin K or sorafenib 

alone can mediate a modest inhibition of phosphorylation 

of MET and ERK, but a clear and significant synergistic 

effect is evident from combination treatment with these 

agents.15,16 The mechanism by which combination of sor-

afenib and vitamin K1/K2 synergistically inhibits 

HGF-stimulated HepG2 cells appears to be complex. 

Downregulation of the c-MET and RAF/MEK/ERK path-

ways has been suggested to hold great promise for pre-

venting tumor cell growth.21 We suggested that the syner-

gistic effect of EMT inhibition by combining sorafenib 

with vitamin K is, at least in part, attributable to inhibition 

of the c-MET signaling pathway.

Positive clinical trials have now established that sor-

afenib improves survival in advanced HCC patients com-

pared with a placebo. However, sorafenib monotherapy 

offers only limited survival benefits in a small proportion 

of HCC patients. Especially after liver transplantation, 

multiple aggressive pattern of HCC recurrence is very 

common, thus systemic chemotherapy is often indicated.22 

But, sorafenib causes multiple human toxicities, including 

anorexia, gastrointestinal bleeding and hand-foot synd-

rome.13,14 Modulation of its actions to reduce its toxicity 

levels is a desirable goal. Therefore, development of more 

efficacious combination therapies involving sorafenib and 

vitamin K are a potentially attractive approach for HCC 

treatment.

In this clinical study, we have performed a clinical trial 

involving combination therapy with sorafenib and vitamin 

K2 in HCC patients expecting beneficial effects similar 

to those demonstrated in this study. At this time, it is not 

possible for us to estimate the survival benefit objectively, 

but an interim analysis of 72 patients revealed that there 

are nearly no adverse side-effects after intake of vitamin 

K2 analogue. This safety of vitamin K intake in HCC pa-

tients is already well known because this agent has been 

widely used for treatment of osteoporosis.11,12 We also 

found that vitamin K add-on to sorafenib did not increase 

the adverse side-effect of sorafenib. Interestingly, we ob-

served exceptionally favorable outcomes in a small pro-

portion of patients with HCC metastasis after vitamin K 

therapy alone or with sorafenib. Solitary administration of 

oral vitamin K to patients with metastatic HCC has spor-

adically led to a favorable outcome, but meta-analyses in-

cluding a randomized controlled study failed to prove its 

anti-tumor effects.11,12

In conclusion, the results of our clinical study com-

bined with precedent experimental studies support our as-

sumption that supplementing sorafenib with vitamin K 

may produce synergistic therapeutic effects against HCC. 

Because add-on of oral vitamin K did not increase the ad-

verse side-effects of sorafenib, a combination therapy with 

these two agents appears to be worthy of further clinical 

trial with an expectation of synergistic therapeutic effects.
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