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High-dose tenofovir is not effective in suppressing hepatitis B virus
replication in patients with hepatocellular carcinoma progression: 

a preliminary result
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Backgrounds/Aims: Nucleos(t)ide analogues (NUCs) effectively suppress hepatitis B virus (HBV) replication, but hep-
atocellular carcinoma (HCC) recurrence often leads to HBV replication despite NUC therapy. The aim of this study 
was to determine whether high-dose tenofovir (TNF) therapy can suppresses HCC recurrence-associated HBV 
replication. Methods: We performed a single-arm prospective study to assess the clinical feasibility of high-dose TNF 
(hdTNF). We recruited 10 patients during September 2015 and followed up for 3 months or early drop-out. Results: 
All 10 patients had HCC of advanced stages due to HCC recurrence and gradual progression. The average age of 
patients was 51.2±4.7 years and 9 were male. Three patients did not tolerate the increased TNF dosage and were 
dropped out early. The other 7 patients were relatively tolerable to the increased dosage of TNF 5 tablets per day. 
One patient had mild gastrointestinal symptoms and another patient complained of insomnia. Increased HBV replication 
and HCC progression was observed despite hdTNF for 4-8 weeks. All 7 patients showed tumor progression during 
the 3 month follow-up. In these patients, blood HBV DNA before hdTNF was 50-200 copies/ml; and 4-8 weeks after 
hdTNF, the HBV replication status was not improved with blood HBV DNA of 50-300 copies/ml. This clinical study 
was terminated early after these negative results were confirmed. Conclusions: The results of this study indicated that 
high dose of TNF up to 5-fold the recommended dosage is not tolerated by a considerable proportion of patients 
and also ineffective in suppressing HCC progression-associated HBV replication. (Korean J Hepatobiliary Pancreat 
Surg 2016;20:8-11)
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INTRODUCTION

It is well recognized that hepatitis B virus (HBV) in-

fection and hepatocellular carcinoma (HCC) development 

are closely associated. Inhibition of HBV replication 

through nucleos(t)ides (NUCs) administration effectively 

prevents de novo HCC development and HCC recurrence 

in addition to blockage of fibrosis progression.1-5 NUC with 

a high genetic barrier to resistance such as entecavir and 

tenofovir (TNF) can effectively suppress replication of 

HBV for a long time, but it is generally regarded that these 

agents do not control the covalently closed circular DNA 

(cccDNA) or integrated HBV DNA in the hepatocytes.6

Active replication of HBV in HCC cells acting as a viral 

reservoir is well recognized as the clinical sequence of HCC 

recurrence following resection or liver transplantation.7 It 

is generally accepted that HCC recurrence is a risk factor 

for posttransplant HBV recurrence.7-9 Similarly, the blood 

HBV DNA can be converted to detectable status after HCC 

recurrence following NUC maintenance, despite negative 

status for a long time after HCC treatment.

The aim of the study was to determine whether high-dose 

TNF therapy (hdTNF) could suppress HCC recurrence- 

associated HBV replication. We accordingly performed a 

clinical study and presented the preliminary result.
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MATERIALS AND METHODS

This study was a single-arm prospective study to assess 

the clinical applicability of hdTNF. The primary purpose 

of this study was to assess whether hdTNF is tolerable 

to the adult patients and can suppress HCC re-

currence-associated HBV replication. The secondary pur-

pose was to determine whether it could have any onco-

logical influence on HCC.

The patient selection criteria was as follows: HBV pa-

tients who were administered entecavir or TNF for more 

than 1 year; HCC recurrence and progression to the ad-

vanced stage according to Barcelona Clinic Liver Cancer 

(BCLC)/American Association for the Study of Liver 

Diseases (AASLD) guideline update in 2014;10 Child class 

A and Eastern Cooperative Oncology Group (ECOG) 0 

or 1; and normal renal function.

We recruited 10 patients who met the selection criteria 

during one month of September 2015. TNF (tenofovir dis-

oproxil fumarate 300 mg: VIREAD, Gilead Sciences) was 

selected as the test NUC because it is the most potent 

NUC against HBV. The protocol of hdTNF included 2 tab-

lets of TNF per day for first 2 days; if tolerable, the dosage 

was increased to 3 or 4 tablets per day for the next 2-4 

days; and finally 5 tablets per day and if tolerable, 5 tab-

lets were maintained for 4 weeks or more. All patients 

were followed up every week for first 3 weeks and then 

every other week until termination of hdTNF therapy. If 

any side-effect beyond mild gastrointestinal symptoms oc-

curred, the patient was dropped out immediately.

The patients were followed up with liver function test, 

blood HBV polymerase chain reaction (PCR), and com-

puted tomography/magnetic resonance imaging studies on 

HCC status. This study protocol was approved by the 

Institutional Review Board of our institution.

RESULTS

All 10 patients had HCC of advanced stage due to HCC 

recurrence and gradual progression. The average age of 

the patients was 51.2±4.7 years (range: 35-64) and 9 were 

male. Their initial treatments for HCC were liver resection 

in 8, liver transplantation in 1, and non-surgical treatment 

in 1. Despite their advanced tumor, the general condition 

was relatively good, with ECOG 0 or 1 in all patients.

Of these patients, 3 absolutely did not tolerate the in-

creased dosage of TNF, even 2 tablets per day, because 

of serious gastrointestinal symptoms such as nausea and 

anorexia. Thus, these 3 patients were dropped out early 

after only 3-5 days of TNF medication. Two of them were 

administered TNF previously, thus they were reverted to 

TNF 1 tablet per day with loss of gastrointestinal 

symptoms. One patient who was administered entecavir 

did not tolerate even TNF 1 tablet per day, and was re-

verted to entecavir 0.5 mg per day.

The other 7 patients were relatively tolerable to the in-

creased dosage of TNF 5 tablets per day. One patient had 

mild gastrointestinal symptoms and another patient com-

plained of insomnia. They maintained on hdTNF for 4-8 

weeks until overt demonstration of no beneficial effect on 

both HBV replication and HCC progression. One patient 

was administered sorafenib concurrently, but HCC slowly 

progressed during the 3-month follow-up. One liver trans-

plant recipient received everolimus monotherapy for im-

munosuppression without use of calcineurin inhibitors or 

mycophenolate. Three patients received transcatheter arte-

rial chemotherapy (TACE) and 1 patient underwent ster-

eotactic beam radiotherapy (SBRT) during the 3-month 

follow-up. All 7 patients showed tumor progression during 

the 3-month tumor marker study and computed tomog-

raphy follow-up. All 7 patients showed detectable blood 

HBV DNA (50-200 copies/ml) before hdTNF and their 

HBV replication status was not improved, showing detect-

able blood HBV DNA of 50-300 copies/ml after 4-8 

weeks of hdTNF therapy.

This clinical study was terminated early after confirm-

ing these negative results.

DISCUSSION

The preliminary results of this study indicated that 

hdTNF is not well tolerated by half of the adult patients, 

as well as ineffective in suppressing viral replication dur-

ing HCC progression. Antitumor effect was also not ex-

pected in patients who were administered hdTNF over 1-2 

months. The study was terminated early because we con-

firmed that further treatment with hdTNF could not lead 

to other conclusions.

Based on the results of this study, the recommended 

dosage of TNF 300 mg/day for adult patients appears to 
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be maximally adjusted by the relatively high occurrence 

of side effects such as gastrointestinal symptoms. Since 

TNF can be administered at any time during the day, pa-

tients can take the oral TNF medication after food intake; 

but such gastrointestinal symptoms were often unim-

proved, as compared with TNF taken before food 

ingestion. Thus, double-dose TNF is not recommended, 

unlike entercavir double-dose therapy (1 mg per day). The 

recommended daily NUC dosage differs considerably be-

tween entecavir and TNF. The steady-state maximal and 

trough plasma concentrations are 4.2 ng/ml and 0.3 ng/ml 

for entecavir 0.5 mg and 0.3 g/ml and 0.07 g/ml for 

TNF 300 mg. Interestingly, the molecular weights of the 

these two NUCs are very similar (277.3 g/mol for en-

tecavir and 287.2 g/mol for TNF).

Interestingly, we found that a very high-dose TNF can 

suppress both cccDNA load and HBx expression in a cell 

line study (unpublished data). In our preceding studies, we 

presumed that the NUCs effects are mediated by several 

cascade mechanisms. NUC administration in the clinical 

setting decreased HBV DNA load effectively in blood and 

liver tissues. HBV cccDNA load in the liver tissue was 

also decreased along with the decreased HBV DNA load 

in the liver tissue, but HBV eradication was not achieved. 

HBV-associated HCC cells presented definitely higher ex-

pression of HBV cccDNA and HBx than the adjacent 

non-tumor liver tissues, suggesting that such high rises are 

closely associated with hepatocarcinogenesis. Very high- 

concentration NUCs induced the downregulation of HBx 

transcription and apoptosis in cccDNA-positive HCC cell 

lines, which was dependent on NUC concentration and 

treatment duration. Briefly, the doses of NUCs within the 

in vivo therapeutic range reduce viral loads in both liver 

tissues and blood; but only very high-concentration TNF 

can decrease the HBV cccDNA load and HBx production 

in HCC cells with induction of HCC cell apoptosis. This 

direct antitumor effect on pre-existing or replicating 

cccDNA-containing HCC cells themselves has not yet 

been reported, probably because the clinical therapeutic 

TNF concentration was too low to induce such an anti-

tumor effect. The results of the current study indicated 

that the 5-fold dosage of TNF does not have any anti-

tumor effect.

Active replication of HBV in HCC cells acting as a vi-

ral reservoir has been well recognized as the clinical se-

quence of HCC recurrence and treatment after LT.7 A pre-

vious report on 1 patient who presented with both HBV 

and HCC recurrences, indicated that HBV surface antigen 

disappeared after resection of the adrenal metastasis but 

reappeared after the second extrahepatic tumor recurrence. 

In this patient, HBV DNA was detected in the adrenal 

metastasis but not in the liver graft. In another patient 

who presented with HBV and HCC recurrences, the HBV 

DNA sequences simultaneously obtained from both the re-

curring tumor and serum were identical and exhibited a 

marked alteration within the major hydrophilic region 

when compared with the pretransplant sequences. It is 

generally accepted that HCC recurrence is a risk factor 

for HBV recurrence or replication following liver trans-

plantation or resection.7-9

In conclusion, the result of our study indicated that 

hdTNF using up to 5-folds of the recommended dosage 

is not only intolerable to a considerable proportion of 

patients but also ineffective to suppress HCC progression- 

associated HBV replication.
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