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Locoregional therapy for hepatocellular
carcinoma

KENIJI IKEDA, HIROMITSU KUMADA

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors worldwide, with an annual incidence reaching
one million new cases.'? In about 90% of patients, HCC is a late
complication of cirrhosis.> The 5-year incidence of HCC in
cirrhosis is 15%-20%.** The risk of developing HCC has been
reported to be 0.5% per year for hepatitis B and 5% per year for
hepatitis C.*7 Accordingly, the incidence of HCC directly
correlates with the epidemiology of the causes of cirrhosis,
which is essentially from alcoholic and viral origins.? Chronic
hepatitis B and C infection appears to be the most important risk
factor for HCC. There is, however, a heterogeneous geographical
distribution because of its association with chronic viral hepatitis.

In high-risk areas such as Southeast Asia, China and sub-
Saharan Africa the prevalence is > 100/100,000 population.
Although less common is Western countries, the annual
incidence increased from 1.4/100,000 in the period 1976-80 to
2.4/100,000 between 1991 and 1995 2 In the particular case of the
hepatitis C virus (HCV), it takes up to 20 years to develop HCC
from chronic viral infection, so that the massive dissemination
of this virus in the 1970s and 1980s is now beginning to induce
a marked rise in of the incidence of HCC in Western countries.
HCC is now emerging as a major health concern for the next
decades.®!!

The hepatitis B virus has a specific oncogenic action by
integration in the host DNA causing chromosomal
rearrangements. Another mechanism is inflammation and
repeated cycles of necrosis and regeneration associated with
chronic inflammation and cirrhosis. Chromic hepatitis C infection,
although less prevalent than hepatitis B infection, is another
major causative factor for HCC. Alcoholic cirrhosis,
hemochromatosis, primary biliary cirrhosis, and autoimmune
cirrhosis also increase the risk of developing HCC, with alcohol-
induced cirrhosis playing a particularly important role in Western
countries.'>?

Most patients develop few symptoms while the tumour is
small and often present late with multifocal disease. The natural
course of HCC is progressive tumor growth compromising
hepatic function, intrahepatic metastases and spread to distant
sites. In general HCC has a poor prognosis, with 2 median
survival of 3-6 months after the onset of symptoms.'*
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Nowadays, an increasing number of HCCs are discovered at
an early stage because of increasing awareness and screening
of asymptomatic patients with cirrhosis.”® Percutaneous
locoregional therapy became a therapeutic option for a small
HCC associated with cirrhosis during the last decade, because
of poor liver function reserve and a high recurrence rate after
surgical resection.

GENERAL CONSIDERATION FOR LOCAL ABLATION
THERAPY '

A careful clinical, laboratory, and imaging assessment has to be
performed on each individual patient by amultidisciplinary term
to evaluate eligibility for percutaneous ablation. Cirrhotic
patients with a small HCC nodule are candidates for surgery and
percutaneous ablation.'® Multiple percutaneous image-guided
therapies currently are available for thermal ablation of localized
solid tumors. Thermal sources for these treatment modalities
include high-intensity ultrasound, laser, microwave, and
radiofrequency."”®

Radiofrequency ablation (RFA) is a safe, predictable, and
inexpensive option and has emerged as the thermal modality
that most easily can create large volumes of tissue necrosis. The
predictability of RFA is adequate to limit collateral damage and
complications, however, is limited by biologic and anatomic
variability of tissue. The tumor to treat by RFA must be focal,
nodular-type lesion. The presence of a clear and easy-to-detect
target for needle placementis crucial for the outcome of treatment.
Tumor size should be preferentially smaller than 3 to 5 cm in
greatest dimension. When using thermal methods of tissue
destruction, some additional points are considered. Treatment
of lesions adjacent to the gallbladder or to the hepatic hilum risks
thermal injury of the biliary tract. Lesions located along the
surface of the liver can be considered for thermal ablation,
although their treatment requires experienced hands and may be
associated with a higher risk of complications. A careful
assessment of the coagulation status is mandatory before
percutaneous ablation. A prothrombin time ratio (normal time/
patient’s time) greater than 50% as well as a platelet count higher
than 50,000/microliter are required to keep the risk of bleeding
at an acceptable low level.

Percutaneous ethanol injection (PEI) is a well-established
technique for tumor ablation. " PEI induces local tumor necrosis
as a result of cellular dehydration, protein denaturation, and
chemical occlusion of tumor vessels. It is best administered by
using ultrasound guidance because real-time control allows for
a faster procedure, precise centering of the needle in the target,
and continuous monitoring of the injection. Fine non-cutting
needles, with either a single end hole or multiple side holes, are
commonly used for PEL PEI is usually performed under local
anesthesia on an out-patient basis. The treatment schedule
typically includes a few to several sessions performed once or
twice weekly. The number of treatment sessions, as well as the
amount of ethanol to inject, may vary greatly according to the
size of the lesion, the distribution of the injected ethanol within
the tumor, and the compliance of the patient. Several studies
have shown that PEI is an effective treatment for small (3 cm or
less), nodular-type HCC. HCC nodules have a soft consistency
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and are surrounded by a firm cirrhotic liver. Consequently,
injected ethanol diffuses within them easily and selectively,
leading to complete tumor necrosis in about 70% of the small
lesions.”®

CRYOSURGERY
Cryotherapy was the first technique employed for localized
thermal ablation. The use of cryotherapy for treating liver
tumors was first described by Cooper in 1963.

Cryotherapy is 2 method of tumor ablation that uses cooled
probes to freeze and destroy areas of tissue measuring up to 8
cmin diameter. 2 The ablative process is carried out by delivering
the subfreezing temperature (-20 to -30 degree centigrade) to the
target lesion viaa penetrating vacuum cryo-probe. The resuiting
freeze/thaw process causes irreversible cellular damage by
different mechanisms. First, the intra- and extracellular ice
formation during the freezing process causes direct physical
damage by cellular compression, membrane rupture and protein
denaturation.?? Second, the freezing process increases the
intra- and extra- cellular electrolytes concentration. This, in tarn,
results in lipoprotein denaturation and, during the thawing
process, the highly concentrated cytotoxic free radicals are
released. Third, cells are later killed by post-thaw ischemia and
infarction as a result of microvascular thrombosis. 5.2

The procedure is currently predominantly performed intra-
operatively, because probes measuring 3 mmin diameter or large
are necessary to deliver optimal quantities of liquid nitrogen to
the probe tip. Cryo-probes measuring 3-10 mm are usually used.
Larger probes tend to produce large areas of tissue destruction
(6-8 cm), whereas smaller 3 mm probes produce approximately
3-3.5 cm of tissue destruction. However, as for other methods
of minimally-invasive therapy, the proportion of patients who
might be usefully treated with this technique is not yet well
established. Although cryo-ablation is not seriousty considered
as a minimally invasive therapeutic option for HCC, several
investigators have reported the use of cryoablation for HCC.
Zhou et al.7 reported the use of cryosurgery for the treatment
of 60 patients with primary liver cancer, in 1970. Survivalat 1,
2.3,4,and 5 years was 52%, 34%,21%,16%and 11% ,respectively.
Among the 21 patients with tumor nodules less than or equal to
5 cm in diameter, survival was increased to 76%, 62%, 50.0%,
41% and 38%, respectively. In 1993 Zhou et al. ®reported alarger
series of 113 patients with hepatic cancer, including 107 patients
with primary liver cancer and 6 patients with hepatic metastases,
who were treated with cryotherapy using similar technique. The
5-and 10-year survival rates were 22% and 8%, respectively, for
the 107 with HCC and 49% and 17%, respectively, for the 32
patients with small (<5 cm) tumors. '

LASER THERMAL ABLATION (ILT)

Laser ablation or interstitial laser photocoagulation is another
method for inducing thermally mediated coagulation necrosis
that has been used for percutaneous tumor ablation. Interstitial
laser therapy has been used to treat liver tumors since 1985.7
Laser is a monochromatic, collimated and coherent radiation
with a wavelength of 1024 nm produced by aNd: Y AG generator,
which concentrates extremely high energy in small localized

areas. It may be transmitted inside the tumor by single or multiple
quartz optical fibers inserted through fine needles (21 gauge),
thus converting the intense light energy to tissue heating. The
laser provides sufficient energy to allow for significant heat
deposition surrounding the fiber tip, inducing protein
denaturation and cellular death.®® Thermal profiles have been
demonstrated to correlate well with the extent of coagulation
necrosis observed histopathologically, ¥ as well as with
ultrasound®** and T1-weighted MR images.>

Tumors of 1.5-2 cm size can be treated with a single fiber,
while larger nodules require the splitting of the laser beam with
the insertion of multiple fibers (up to four) by 20 to 21 gauge fine
needles, whose precise positioning may be technically difficult.
Laser ablation has been mainly used in the treatment of liver
metastases,***® while data available on the laser treatment of
HCC s limited. Gilliams et al.® reported an 86% 1-year survival
of 55 patients with colorectal liver metastases and that the mean
survival from the detection of metastases was 18 months. Vogl
et al.® fond that Laser is effective for small liver tumors, with a
local control rate of 44% in 1 year. A subsequent study by the
same group of authors was performed on 88 patients with
colorectal liver metastases.*! There was.a 95% tumor response
rate and the mean survival was 35 months This encouraging
result was further supported by arecent study on676 consecuuve
patients with malignant liver tumors.®

Few studies published to date have long-term follow up of
patients. To date, there are few data on the clinical efficacy of
laser for HCC.®34¢ Gjorgio et al.® treated 85 patients with HCC
of 1-6.6 cm with one to four laser fibers inserted and single or
multiple sessions, obtaining a complete necrosis in 82%. In the
study of Pacella etal.** 92 patients with HCC of 4 cm were treated
with multiple fiber insertion, with an average of 1.3 sessions per
tumor. Complete necrosis was obtained in 97%, while a mean
follow-up of 25 months showed alocal and elsewhere recurrence
of HCC in 6% and 49%, respectively. The same investigators
treated 30 large HCC (3.5-9.6 cm) by laser thermal ablation
followed by segmental transarterial embolization at 30- 90 days,
obtaining complete tumor necrosis in 90%, with cancer—free'
survival rate at 1- and 2- -years of 74% and 34%, respecuvely

Nevertheless, the major limitation of interstitial ablation
therapy is the small volume of tumor ablation, although the
current new devices may help to overcome this limitation. In
practice, laser ablation is not mdxcated for large liver tumors.

ETHANOLINJECTION

Intra-tumoral injection of ethanol causes dehydratlon
intracellular coagulation, necrosis, vascular occlusion, and
fibrosis of the tumor; it may benefit patients with small umors
and underlying liver disease that limits resectability.

Although there have not been any prospective randomized
trials comparing PEI and surgical resection, several series have
shown that the long-term outcome of selected PEI-treated
patients was similar to that of patients who had undergone
resection, with 5-year survival rates of 35-59%.%-! A large
series from Japan indicated that patients with small (<5 cm)
tumors treated with this approach had a 3-year survival rate of
53%. These results are similar to those reported for surgical
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resection and are better than those for chemoembolization.”
Patients with lesions less than 3 cm in diameter had a survival
rate of 94% at 1 year, 63% at 3 years, and 29% at 6 years. Survival
is better for patients with Child-Pugh stage A or B cirrhosis than
forthose with stage C. Reported recurrence rates are 29% within
1 year and 63% within 3 year after treatment.™

Side effects include mild to moderate pain after needle
withdrawal, and fever (>38 degree C°) starting on the day of the
procedure and lasting for 2 to 3 days.” While PEI is a low-risk
procedure, severe complications, including cases of tumoral
seeding, have been reported.®

The major limitation of PEL, besides the uncertainty of tumor
ablation and the long treatment time, is the high local recurrence
rate, that may reach 33% in lesions smaller than 3 cm and 43% in
lesions exceeding 3cm.’~¢ These high rates of recurrence
suggest that this approach treats only the injected lesions and
not microscopic or multi-focal liver disease or metastasis.

The injected ethanol does not always accomplish complete
tumor necrosis because of its inhomogeneous distribution
within the lesion -especially in the presence of intratumoral
septa- and the limited effect on extracapsular cancerous spread.
Also, PEI is unable to create a safety margin of ablation in the
liver parenchyma surrounding the nodule, where satellite
nodules are most frequently located.”

MICROWAVE COAGULATION (MCT)
Microwave thermal tissue coagulator emits 2,450 MHz
electromagnetic radiation. Alternating radiofrequency current
agitates ions in the tissue surrounding the needle, creating
frictional heat, which denatures and destroys tissue at
predictable temperatures, in a relatively predictable volume.
Microwave coagulation therapy has been studied mainly in
patients with HCC, whereas there are only a few reports of MCT
for liver metastasis.”® Percutaneous MCT is applicable for a
small HCC (<3 cm).

In an early series, Seki et al.* reported complete ablation in
18 patients with small HCC of <2cm, and there was neither any
complication nor local recurrence after a'short follow-up period
of 11-33 months. The response rate of small HCC (<3 cm) to
percutaneous MCT is up to 70%, but is only 55% for large HCC
(>3cm).®*Recently, alarger series has been published, including
50 patients with 107 HCC (mean size 2.7 cm) treated with single
ormultiple microwave sessions. Complete necrosis was attained
in 98% of nodules < 2 cm and in 92% of nodules > 2 cm, with a
recurrence rate at 1 year of 45%.%' Well-differentiated HCC and
those superficially located on the liver surface are associated
with better prognosis after percutaneous MCT, %5062

Laparoscopic MCT allows effective ablation of large HCC.

(up to 5 cm) on the liver surface, as it can be safely performed
under direct visual guidance as well as with laparoscopic
ultrasonography.® Using minimally invasive surgery
techniques, Seki et al.* advocated laparoscopic MCT under
local anesthesia and reported complete tumor ablation in 87.5%
of patients with small HCC (mean size=2 cm). Another endoscopic
technique of MCT using the thoracoscopic trans-diaphragmatic
approach has been suggested by Yamashita et al.** to treat HCC
located just below the diaphragmatic dome, for which

percutaneous MCT is impossible and open MCT requires a
large incision. Open MCT can be used to ablate large HCC
(maximum of 6.5 cm) and tumors whose location is unfavorable
for percutaneous or laparoscopic MCT.*However, open MCT
is contraindicated in tumors at the liver hilum or close to the
diaphragm, as injury to bile ducts and/or the diaphragm is
possible.

Although the short-term efficacy of MCT appears to be
encouraging, there are limited reports on long-term survival.
The overall 3-year survival rate reported was 73-86%.5-% In
addition, Itamoto et al. ® reported a 48.6% overall 5-year survival
rate and a 50% overall 4-year survival rate for patients with
primary and recurrent HCC, respectively. Disease-free survival
depends on local as well as distant tumor recurrence.

The complications of microwave coagulation therapy include
abscess formation, biloma, bleeding, hepatic failure and
intraperitoneal dissemination of cancer cells.®®

Shimada et al.” found that the complication rate in microwave

* therapy was significantly higher in patients with large (>4 cm)

and more advanced tumors and the authors recommended MCT
be reserved for liver tumors < 4 cm. With the available
technology, microwave ablation seems to be effective in tumors
of 2 cm, but requires the insertion of multiple large needles and
repeated treatrnent sessions in case of tumors more than 2.5 cm
in diameter.

RADIOFREQUENCY ABLATION
Radiofrequency ablation (RFA) is a relatively new technology
that allows for focal coagulation necrosis of hepatic tumors by
producing thermal energy with an alternating electric current
generator at aradiofrequency of 200 to 1,200 kHz. Percutaneous
thermal tissue ablation using radiofrequency current is
performed, by keeping the patient in an electrical circuit with
adhesive grounding pads on the thighs or back. A needle with
a plastic-insulated shaft is usually placed into the tumor
percutaneously with imaging guidance, under local anesthesia.
It may also be used at laparoscopy or at laparotomy. Complete
ablation can usually be achieved in one to two sessions.
Major progress in RF technology was achieved with the
introduction of modified electrodes. The devices most frequently
used are made by three companies: Radiotherapeutics,
Sunnyvale, Calif.; RITA Medical Systems, Mountain View,
Calif.; and Radionics, Burlington, Mass.”™” Each of the devices
uses adifferent needle design, watt and algorithms. The first two
devices use an expandable electrode, which, once positioned in
the tumor, opens out into seven to twelve retractable, curved
electrodes around the target like an umbrella. The technique
determines a reproducible area of necrosis approximately 3-4 cm
in diameter. The third device utilizes a cold perfusion electrode
with a diameter of 1.2 mm and the tip exposed for 2-3cm.””' By
avoiding early increments of impedance linked to carbonization,
such electrodes permit application of a greater power with
respect to conventional electrodes. To obtain cooling, a
physiological solution is circulated within two coaxial lumens
situated in the electrode. The technique determines a reproducible
area of necrosis of 2 to 4 cm.™
A recently constructed electrode with three cooled tips,
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permitting a higher current deposition, determines more than 4.5
cm of coagulation necrosis.™

To obtain a large and effective ablation area, Kobayashi et
al.” arranged an algorithm of tumor heating with expandable
electrodes. To increase the final necrotic area obtained with the
aforementioned techniques, interruption of the tumor arterial
supply by means of occlusion of either the hepatic artery with
a balloon catheter or the feeding arteries with gelatin sponge
particles was recently proposed.” These techniques enabled a
substantial and reproducible enlargement of the volume of
thermal necrosis produced with a single needle insertion, and
prompted the start of clinical application of RF ablation.

Several results of early experiences and pilot studies of RFA
therapy for HCC were published from 1998 to 20017¢#*(Table 1).
HCC:s of 3cm or less were principal candidates for the therapy
and almost all authors described a complete response rate of
more than 90% after ablation. The majority of these recurrences
could be treated by repeated RFA. Livraghi et al. * compared the
effectiveness of RFA with that of PEI in 112 patients with HCC
less than 3 cm. With RFA, complete necrosis was achieved in
90% of tumors (mean, 1.2 sessions), versus 80% complete
necrosis {mean 4.8 sessions) for PEI. Microwave has also been
compared with radiofrequency ablation in a randomized
controlled trial including 94 HCC of 1-3.7 cm in size, reporting
equivalent therapeutic effects and complication rates, but fewer
treatment sessions for radiofrequency.®

The mortality rate following hepatic RFA is less than 1% in
the published reports. The morbidity rates associated with
hepatic RFA are generally low. Major treatment-related
complication arises in only 2% of all patents undergoing
RFA."% Major complications following RFA are frequently
associated with thermal injury to bile duct and surrounding
structures, including the colon, stomach, and diaphragm,
hemorrhage requiring surgical intervention, and portal vein
thrombosis. Complication due to bile ductinduces varied degrees
of biliary tree dilation, bile duct fistula, jaundice, biloma, and
liver abscess. Table 2 summarizes the case reports about major
and minor complications of RFA therapy for liver

malignancy %@ Rhim et al.” described an incidence of major
complications (2.4%) found in 1139 patients in a multicenter
study. The most common complications were hepatic abscess
(0.66%), peritoneal hemorrhage (0.46%), biloma (0.20%), ground
pad burn (0.20%), pneumothorax (0.20%), and vasovagal reflex
(0.13%). Livraghi et al. ** also reported details of complications
encountered in a total of 2320 patients with RFA therapy
performedin 41 Italian hospitals: Six deaths (0.3%) were noted,
including two caused by muitiorgan failure following intestinal
perforation; one case each of septic shock following
Staphylococcus aureus-peritonitis, massive hemorrhage
following tumor rupture, liver failure following stenosis of right
bile duct; and one case of sudden death of unknown cause, 3
days after the procedure. Fifty (2.2%) patients had additional
major complications. The most frequent of these were peritoneal
hemorrhage, neoplastic seeding, intrahepatic abscesses, and
intestinal perforation.

COMBINED THERAPY AND LAPAROSCOPIC
APPROACH

Although recent clinical studies have shown success in the use
of these strategies for single HCC less than 3 cm in diameter, it
is clear that further developments are necessary to achieve
complete eradication in larger diameter tumors. Similarly, different
minimally invasive strategies are better suited for varying
disease presentations. While percutaneous therapies are more
effective for single tumors, embolization or transarterial
chemotherapy is more appropriate for multifocal disease.
Therefore, combining several modalities of treatment to achieve
complete tumor cell death must not be neglected. A similar,
multidisciplinary approach including surgery, radiation, and
chemotherapy should also be applied for the treatment of the
tumor. Several investigators have explored combination
therapies to achieve successful treatment results in primary
liver malignancies, including various arrangements of PEI,
thermal ablation, transcatheter arterial chemotherapy, vascular
occlusion, and chemoembolization.

Table 1. Efficacy of radiofrequency ablation therapy for hepatocellular carcinoma

Rossi 7 1998 23 HCC 23-35mm
Livraghi” 1999 42 HCC < 30 mm
Curley™ 1999 48 HCC < 30 mm
Francica™ 1999 15 HCC 10-43mm
Jiao® 1999 8 HCC+Meta* 6pts>3cm
Allgaier® 1999 12 HCC 32 + 1.3cm
Lencioni®? 1999 54 HCC 1-3cm
Llovet® -2001 32 HCC <5cm

expandable 15 M 90 0
cooled tip 10 M 98 2.4
expandable 15 M 98 0.8
cooled tip 15 M 90 6.7
cooled tip 94 M 88 0
cooled tip 48 M 100 0
both 23 M 91 0
cooled tip 10 M 65(76% for< 3cm) 9.4

*Meta — Metastasis
M - Months
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Table II.  Case reports of complications after radiofrequency ablation

therapy for liver tumor.

Major complications
Hemobilia, intrahepatic hematoma (86)
Rapid progression of HCC (87)
Tumor seeding (88)
Bleeding requiring transfusion (89)
Hepatic abscess (89)
Colonic perforation®!
Bacterial peritonitis™
Intrahepatic pseudoaneurysm®
Portal vein thrombosis®
Biloma®
Secondary hemocholecyst®
Diaphragmatic perforation®”
Hypertensive crises”
Bilioenteric anastomosis®®
Acute renal insufficiency'®
Abdominal wall necrosis'™
Minor complications
Arteriovenous shunt!'®
Perihepatic hemorrhage!'"
Pneumothorax'®
Skin injury'®
Hyperkalaemia*®
Hemolysis'®
Elevation of body lemperature'®
Sarcomatous change'”
Hemoperitoneum'®

Combination of Laser Thermotherapy and Arterial
Chemoembolization

Laserthermotherapy isalocal effective therapy with low morbidity
for a few numbers of HCC of 5cm or less in diameter.'® The
radionale for combination of transcather arterial
chemoembolization (TACE) and laser ablation is based on the
fact that laser therapy can reduce the volume of viable tissue and
improve the lesion within the range of TACE effectiveness.
Pacella et al.!'® achieved complete response with a single
segmental TACE session in 21 (70%) of the 30 patients and
reported that the 1 year local recurrence rate was 7% in large
HCC. Laser thermotherapy seems to be more beneficial and
advisable in combination with TACE for treating patients with
relatively larger and multiple HCCs.

Combination of TACE and PEI

Allgaier et al.""! treated 132 HCC patients with combination
TACE/PEI to achieve amedian survival of 25 months. Similarly,
Bartolozzi et al.'"” treated 86 patients with single HCC tumors
(mean diameter, 5.3 cm) with TACE followed by PEI (mean, 6.8
sessions) to achieve complete necrosis in 82%. Overall 1-, 3-,
and 5-year survival rates were 92%, 69%, and 47 % respectively.
A few authors also reported significant increases in survival
with combination therapy over TACE alone.!'>!"*In 97 patients
with recurrent HCC after surgical treatment, Ishiietal.!** reported
a relative risk of cancer death of 0.32 for patients receiving
combination therapy. Koda et al.'"® reported reduced local
recurrence and lower incidences of new intrahepatic disease in

patients receiving combination TACE/PEL Embolizationalone
combined with PEI also demonstrated increases in complete
necrosis (20-83%) and better 1- and 3-year survival over TAE
alone.'' Combined TACE and PEI is a therapeutic option that
has been proposed to overcome the weakness of each of the two
procedures in the treatment of large HCC. 11517118

Combination of TACE and MCT

The combined therapy of MCT applied within 1-2 days of TACE
caneffectively treat HCC>2.0 cmbut < 3.0 cm in dimension. Less
number of microwave electrode insertions and lower amount of
energy for microwave irradiations are needed when both treatment
are combined.!” Ishikawa et al. suggested that MCT destroyed
the peripheral part of the tumour that might remain viable after
TAE, butcombination therapy with TACE is preferable, especially
when a viable part existed within tumours. » However, larger
scale clinical trials are required to define the role of this combined
therapy.

Combination of TACE and RFA

RFA achieves complete tumournecrosis forsmall HCC(<3.5cm
in diameter) with fewer treatment sessions compared with PEI,
and can also create large volumes of tumour necrosis in a shorter
period of time than either laser or microwave therapy.

The combination of TACE and RFA induces larger
coagulation necrosis areas than RFA alone. Buscarini et al.'
treated 14 patients with HCC (3.8-6.8 cm; mean diameter, 5.2 cm)
with hepatic segmental transcatheter- arterial embolization
followed by RF ablation. Mean follow-up lasted 13.2 months
with 11 patients disease-free at the time of reporting, indicating
that larger hepatomas could be treated with this combination of
therapies. Bloomston et al."? reported that one-year survival
was greater in patients undergoing TACE and RFA than TACE
alone (100% vs. 67%, P=0.04). Mean survival was longer after
TACE with RFA compared with TACE alone (25.3 months +15.9
vs.11.4 months + 7.3, P<0.05). No patients suffered significant
complications in that study. Similarly, Lencioni et al.'® reported
success in 82% of patients with HCCs (diameter, 3.5-8.5 cm)
treated with TAE before RF ablation.

For multifocal recurrence, RFA can be useful as a
complementary technique for lesions not completely treated by
TACE.'# Goldberg et al.'"”® conducted a pilot study in 10 patients
with liver tumors, including 4 patients with HCC, and were able
to attain 25% to 30% increases in coagulation volume by
administering liposomal doxorubicin 24 hours before RF
application. More importantly, follow-up imaging studies
demonstrated that this particular from of adjuvant therapy
resulted in more complete tumor kill as coagulation progressed
over time to include residual tumor foci and patent intratumoral
blood vessels.

Laparoscopic Approach

The percutaneous approach is least invasive, carries a lower
morbidity and complication rate, and is cheapest and most
widely used. In the radiology department US, CT, MR guidance
or a combination of these approaches can be used. The
laparoscopic approach has been used when wmor is adherent
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to structures that would be damaged by thermal ablation e.g.
tumour adherent to stomach, colon or duodenum. Some centers
prefer the laparoscopic approach where there is poor tumor
visualization transcutaneously and also for large hepatocellular
carcinoma requiring multiple punctures.'”? A study that
failed selection criteria'® reported that laparoscopic
ultrasonography detected unsuspected extrahepatic disease in
12% and previously unidentified hepatic lesions in 33% of
patients. Consistent with this observation, studies of
percutaneous radiofrequency ablation without laparoscopic
ultrasonography with 10 months’ follow-up, reported relapses
elsewhere in the liver for 24% to 38% of patients. Data were
insufficient to compare outcomes of laparoscopic or open
approaches to those of percutaneous ablation. Comparisons
between approaches should be made on the basis of “intention
to treat”.

EVALUATION OF TREATMENT EFFECTS
Contrast-enhanced CT and dynamic MRI are regarded as reliable
modalities for evaluation of early responses after radiofrequency
ablation and early detection of tumor recurrences.'?+%

Findings of plain CT show the area after ablation as a low-
density area occupying the entire volume of original tumor. In
an HCC associated with cirrhosis, radiofrequency heat may be
concentrated within a well-encapsulated tumor, and therefore,
a successful radiofrequency ablation area tends to be the same
size as the original tumor. On contrast-enhanced CT, the ablation
area is expected to be nonenhancing. However, arecent ablation
area may have an enhancing rim related to hyperemia from
thermal injury.'?%! This is more typically present on the arterial
dominant phase but may be present on the portal dominant
phase or both phases. Discrete nodular noncircumferential
enhancement, especially at the ablation margin, is suspicious
for residual or recurrent tumors. Differentiation of reactive
hyperemia from residual tumors is often difficult.

The characteristic MRI signals of coagulation necrosis after
RFA are intermediate to high signal-to-liver parenchymaon T1-
weighted and low signal on T2-weighted images. A T2
hyperintense rim around the ablation area is a possible finding,
likely related to edema when thermal ablation is performed. Any
discrete areas of T1-hypointense and T2-hyperintense signal
should raise the possibility of residual or recurrent tumor.
However, arecent ablation area may have heterogeneous signal
on both T1- and T2-weighted images because of non-uniform
evolution of inflammation and necrosis,* resulting in difficulty
inthe interpretation of unenhanced MRI. Gadolinium-enhanced
MR is therefore routinely used to maximize the accuracy of the
study. '

Dromain et al.'* reported a higher sensitivity in early detection
of local recurrence on MRI than on CT but without significant
differences. A baseline study should be obtained within the first
week after the procedure. Subsequent follow-up should be
performed every 3 months for 1 year, and every 6 months
thereafter. In equivocal cases, follow-up may be more frequently
performed.

Lesions adjacent to major vessels have a higher risk of
incomplete ablation because of a “heat sink” effect.'® Because

radiofrequency heat cannot easily traverse vessels, the ablation
extent is usually limited by major vessels and may not provide
the desired ablated margin.

Evaluation of long-term follow-up imaging (>6 months) is
generally easier than after ablation, because of the resolution
of inflammation. On CT, the RF ablation areas and tracts become
sharp and decrease in size, without arterial enhancement. Signs
of tumor recurrence include development of noncircumferential
nodular enhancement and increase in lesion size. On MR], the
ablation area shows more homogeneous T1 hyperintense and
T2 hypointense signal. Signs of recurrence include new
enhancement, increase in size of lesion, and development of T1
hypointense and T2 hyperintense signal areas.

FUTURE PERSPECTIVE OF LOCAL ABLATION
THERAPY

Recent development of locoregional ablative therapies has
expanded the range of tools for treating HCC. The main
characteristic of these therapies is the localized tamor destruction
in situ, with maximal preservation of non-cancerous part of liver
parenchyma, in contrast to the significant liver damage caused
by other interventional therapies, such as TACE and intra-
arterial chemotherapeutic infusion.

Although a complete tumor ablation rate of over 90% was
achieved with RFA, the efficacy of the therapy should be
critically assessed with randomized controlled trial to compare
it with other local regional therapies or even surgery.

Future studies from the technical viewpoint should be
focused on (1) the development of optimal ablation techniques
that can increase the volume of tissue destroyed, (2) varied
efforts to reduce side effects (most favorable analgesic therapy,
avoidance of biliary tree complication), (3) the assessment of
efficacy of multimodal and combined treatment, and (4) the
development of new and less invasive ablation modality such
as extracorporeal high intensity focused ultrasound.
Furthermore, chemopreventive therapy should be established
to decrease hepatocellular carcinogenesis rate in chronic liver
diseases and to reduce recurrence after locoregional therapy.
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Significance of hepatitis B virus DNA clearance and early prediction

of hepatocellular carcinogenesis in patients with cirrhosis

undergoing interferon therapy: Long-term follow up of a pilot study
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Abstract

Background and Aine: Because the anti-carcinogenic effect and mechanism of interferon (IFN) in
patients with hepatitis B virus (HBV)-related cirrhosis have not been elucidated, quantitative analysis of
HBV-DNA concentration was carried out sequentially.

Method: Of 60 consecutive patients with cirrhosis who began IFN therapy between 1986 and 1990, 57
patients were completely observed for the appearance of hepatocellular carcinoma (HCC). All patients
underwent intermittent administration of IFN for a median period of 18 months. HBV-DNA was quan-
tified using transcription mediated amplification and hybridization protection assay. A HBV-DNA count
<3.7 log-genome equivalent (LGE)/mL (equivalent to 10*7 or 5000 copies/mL) was considered to be a
negative value.

Results: Of 25 patients who had HBV-DNA loss after IFN therapy, nine lost HBV-DNA during the
therapy and 16 lost HBV-DNA after cessation of the therapy. The other nine patients showed a transient
loss of HBV-DNA, and the remaining 23 retained persistently positive HBV-DNA during and after ther-
apy. Although HCC developed in two (8.0%) of the 25 patients with HBV-DNA loss, carcinogenesis was
found in 11 (34.4%) of 32 patients without HBV-DNA loss (Fisher’s exact test, P = 0.026). In the two
exceptional patients, HCC was detected at 1.2 and 3.6 years after loss of HBV-DNA, respectively. When
the HBV-DNA concentration decreased by 2 LGE/mL (decrease to 1/100) at 6 months after initiation
of interferon, HBV-DNA became negative eventually in 15 (60.0%) of 25 patients.

Conclusion: A significant decrease or loss of serum HBV-DNA prevents development of HCC, and
sequential analysis of HBV-DNA could be very useful in both the prediction and the early detection of
small HCC.

© 2005 Blackwell Publishing Asia Pty Lid

Key words: cancer prevention, carcinogenesis, DNA, hepatitis B virus, hepatocellular carcinoma, inter-
feron, liver cirrhosis.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of
death in many parts of sub-Saharan Africa and Asia."* It
is also one of the most common neoplasms in Japan.
Abundant epidemiological and molecular biological
evidence shows that the hepatitis B virus (HBV) is an
important factor in the development of HCC,*  but the

precise role of HBV-DNA viruses in the oncogenesis of
HCC is still unknown. Although increasing evidence
indicates that the HBV plays an important role in the
development of HCC, particularly after the discovery of
integrated forms of HBV,™® current serological and
virological markers are still insufficient for establishing
this relationship, Because a really curative therapy is not
available for HCC at present, the accurate prediction

Correspondence: Dr Kenji Ikeda, Department of Gastroenterology, Toranomon Hospital, Toranomon 2-2-2, Minato-ku, Tokyo

105-8470, Japan. Email: ikedakenji@tora.e-mail.ne.jp
Accepted for publication 31 January 2004.

19



96

and early detection of HBV-related HCC is essential in
the current situation. Needless to say, a cohort of
patients with HBV-related cirrhosis has a significantly
high risk for the development of HCC,*? but the degree
of risk of carcinogenesis in an individual patient cannot
be predicted as yet. Hepatocellular carcinogenesis in
patients with HBV infection may be associated with
persistence of aminotransferase, concentration of HBV-
DNA, or merely the severity of the liver disease.

Interferon (IFN) has been reported to be effective in
patients with HBV-related chronic hepatitis, which, on
early control studies,'™'? decreases serum HBV-DNA
concentration and improves biochemical data and sub-
sequently suppresses disease progression to cirrho-
sis.'>* Although the various effects of IFN in HBV
infection have been well investigated from the virologi-
cal, biochemical, and medico-economical viewpoints,'™
17 the influence of IFN on the long-term outcome for
liver cirrhosis and on hepatocellular carcinogenesis is
still controversial.'®*** In order to clarify the mechanism
of the anticarcinogenic activity of IFN, if any, we ana-
lyzed HBV-DNA concentration serially in a cohort of
60 patients with cirrhosis.

The purposes of this study are: (i) to elucidate the
relation of hepatocellular carcinogenesis to longitudinal
clinical courses of consecutive cirrhotic patients with
IFN therapy; and (ii) to investigate a prediction of
cancer preventative activity by early HBV-DNA
elimination.

METHODS
Patients

Of 189 pauents who were diagnosed as having HBV-
related cirrhosis using peritoneoscopy and/or liver
biopsy from 1983 to 1990 in our hospital, a total of 60
patients underwent IFN therapy from 1986 to 1990.
Because three patients were lost to follow up, the
remaining 57 patients (95.0%) were analyzed for viro-
logical outcome, carcinogenesis, and eventual progno-
sis: the reason for the dropout from the observation in
the three patients was simply relocating house.

Table I shows the demography and laboratory darta of
the consecutive 57 patients who began IFN therapy
from 1986 to 1990. There were 45 men and 12 womer,
with an age range from 19 to 60 years and a median of
41 years. Median values of bilirubin and albumin were
0.9 mg/dL. and 4.1 g/dL, respectively. All the patients
had a high HBV-DNA concentration of 3.7 log-genome
equivalent (LGE)/mL or more at the time of IFN
therapy.

Interferon treatment

IFN-o was administered in 35 patients (61.4%) and
IFN-f in the remaining 22 patients (38.6%). The daily
quantity of IFN was three million units in 22 (38.6%

and six million units in 35 (61.4%), twice a week
administration was carried out in 54 (94.7%) and three
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Table 1 Demography and laboratory data of 57 patients
with hepatitis B virus-related cirrhosis undergoing interferon
therapy

Demography
Men : women 45:12
Age (median, range) 41 (19-60)
Decompensated cirrhosis 3 (5.3%)
Past alcohol consumption of 500 kg 3 (5.3%)

or more

Laboratory data (median, range)
Bilirubin (mg/dL) 0.9 (0.4-2.6)
Albumin (g/dL) 4.1 (3.0-4.9)

Aspartic transaminase (IU/L)
Alanine transaminase (IU/L) 74(12-386)
Platelet count (x10*'mm?) 125 (68-332)
Antbodies to hepatitis C virus positive 0

Hepatius B e antigen positive 41 (71.9%)
Hepatitis B virus DNA (LGE/mL) 7.2 (3.9->8.7)
Observation period (year) 13.6 (6.5-16.1)

65 (16-404)

LGE/mL, log-genome cquivalent, expressed as 10" copy/
mL.

times a week administration in three (5.3%). All
patients received intermittent IFN therapy for a median
of 18 months (range, 2-132 months), but the duration
of the IFN therapy was arbitrary in this pilot study.
Although the daily dose of IFN and the durartion of the
therapy varied in this study, 52 (91.2%) of the 57
patients received IFN for 6 months or longer.

Follow up of patients and diagnosis of HCC

Follow up of the patients was made on a monthly basis
after diagnosis of liver cirrhosis using monitoring viro-
logical, hematological, and biochemical data, including
o-fetoprotein. All results for these laboratory tests,
including HBV markers, were obtained throughout the
observation period in each patient. Patients were clas-
sified into four groups according to patterns of serial
concentration of HBV-DNA: type A, disappearance of
HBV-DNA during and after IFN therapy; type B, loss
of HBV-DNA after cessation of IFN administration;
type C, transient loss of HBV-DNA only during IFN
administration; type D, persistently positive HBV-DNA
during and after the therapy. Clinical courses of alanine
aminotransferase (ALT) fluctuation were also classified
into four groups according to normalization of the ALT
value,

Imaging diagnosis was made two or more times per
year for each patient using computed romography
(CT), ultrasonography (US) or magnetic resonance
imaging (MRI). HCC was diagnosed using typical
hypervascular characteristics on angiography in addi-
tion to certain features of CT, US and MRI. Patholog-
ical confirmation of surgically resected specimens was
carried out in six (46.2%) of 13 patients with HCC
development.
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Assays of HBVY markers

Serum hepatitis B surface antigen was measured using
radioimmunoassay (Dainabot, Tokyo, Japan) and

reversed passive hemagglutination (Institute of Immu-

nology, Tokyo, Japan) using commercial assay kits. hep-
atitis B e antigen (HBeAg) and antibody to HBeAg were
determined using ELISA (Institute of Immunology)
with commercial kits. Anti-hepatitis C virus antibody
(third-generation anti-HCV) was assessed using ELISA
kits (Dainabot).

HBV-DNA was assayed using frozen sera stored at -
80°C, and quantified using transcription-mediated
amplification and hybridizarion protection assay
(Chugai Diagnostics Science, Tokyo, Japan), as
described by Kamisango ez al.”* A HBV-DNA value of
<3.7 LGE/ml. (equivalent to 1077 copiessrmL or
5000 copies/mL) was considered to be a low value. For
all serial sera from the diagnosis of cirrhosis to the end
of the observation period in each patent, the DNA
quantification was simultaneously carried out using
identical measurement Kkits.

Statistical analysis

Standard sratistical measures and procedures were
used. The Mann-Whitney U-test and ¥’ tests were
employed for the examination of background character-
istics between the groups with and without HBV-DNA
elimination. Fisher’s exact test was also used to analyze
the relation of HBV markers to carcinogenesis. Rates of
cumulative. HBV-DNA disappearance, carcinogenesis
and survival were calculated using Kaplan-Meier anai-
ysis,”” and the differences between the analyzed groups
were assessed using a log-rank test. A P-value of <0.05
using a two-tailed test was considered to be significant.
Data analysis was carried out using the computer pro-
gram SPSS version 11.%°

RESULTS
HBV-DNA in clinical courses

HBV-DNA was positive in all patients at the initiation
of IFN therapy (3.9-8.7 LGE/mL). HBV-DNA became
negative (<3.7 LGE/mL) in 25 of 57 patients (43.9%)
during the observation period, with a median of
13.6 years. The remaining 32 patients did not show a
sustained negarive HBV-DNA after the therapy,
although nine patients did show transient negative val-
ues for a limited period during the therapy.

Clinical courses of HBV-DNA were classified into the
four categories mentioned above. Nine patients
(15.8%) lost HBV-DNA during and after IFN therapy
(type A), 16 patients (28.1%) lost HBV-DNA after ces-
sation of the therapy (type B). The other nine patients
(15.8%) showed a transient loss of HBV-DNA (type C),
and the remaining 23 (40.4%) retained persistently pos-
itive HBV-DNA (tvpe D).

The cumulative rate of HBV-DNA disappearance
was calculated using Kaplan-Meier analysis (Fig. 1).
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Figure 1 Cumulative hepatitis B virus (HBV)-DNA dis-

appearance rate in the 57 cirrhotic patients with interferon
therapy.

DNA became negative in 10.5% at the end of the first
year after initiation of IFN therapy, in 12.3% at the
third vear, 21.0% at the fifth year, 43.7% at the tenth
vear, and 46.7% at the fifteenth year, respectively.

Hepatocellular carcinogenesis and serial
concentration of HBV-DNA

A total of 13 patients developed HCC during the obser-
vation period.

The relationship between carcinogenesis and serial
concentration of HBV-DNA was analyzed (Fig. 2).
None of the nine patients in the type A group developed
HCC. Two (12.5%) of 16 patients in the type B group
developed HCC: HCC were detected 1.2 years after the
disappearance of HBV-DNA in one patient, and
3.6 years after the disappearance of HBV-DNA in the
other patient. Three (33.3%) of nine patients in the type
C group showed carcinogenesis, and eight (34.8%) of
23 patients in the type D group developed HCC during
the observation. Hepatocellular carcinogenesis was sig-
nificantly associated with persistent positive HBV-DNA
after inidation of IFN (2/25 vs 11/32; P=0.019 using
the %2 test, P = 0.026 using Fisher’s exact test).

Cumulative carcinogenesis rates were analyzed
according to the ultimate course of the serial assay of
HBV-DNA (Fig. 3). Fifth-year hepatocellular carcino-
genesis rates were 0% in patients with HBV-DNA loss,
and 9.4% in patients without HBV-DNA elimination;
10-vear rates were 8.0% and 22.5%; and 15-year rates
were 8% and 44.0%, respectively. The carcinogenesis
rate in patients with HBV-DNA elimination was signif-
icantly lower than in those without DNA elimination
(P =0.011, using a log-rank test).

Hepatocellular carcinogenesis and HBeAg
and aminotransferase

The relationship between carcinogenesis and HBeAg
positivity during the clinical course was assessed.
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Figure 3 Cumulative hepatocellular carcinogenesis rates in
patients (—; n = 25) with and (---; n = 32) without eventual
hepatitis B virus (HBV)-DNA clearance.

HBeAg was positive in 41 patients (71.9%) and nega-
tive in 16 (28.1%) at the initation of IFN therapy.
Twenty-eight (68.3%) of the 41 patients showed con-
tinuous loss of HBeAg after IFN therapy. HCC devel-
oped in four (25.0%) of the 16 patients without HBeAg
from the beginning, four (14.3%) of the 28 patients
with HBeAg clearance, and five (38.5%) of 13 patients
‘with persistent HBeAg positivity. HBeAg clearance did
not significantly decrease the incidence of carcinogene-

sis risk (P =0.12 using the y? test with Yates’ correc-
tion).

The relationship between carcinogenesis and a longi-
tudinal course of ALT after IFN therapy was also ana-
lyzed. Four (18.2%) of 22 patients with normalization
of ALT after IFN therapy developed HCC; nine
(25.8%) of 35 patients with persistently abnormal ALT
levels developed HCC. The serial values of ALT were
not significantly associated with carcinogenesis risk
(P =0.075 using the ¥’ test with Yates’ correction).

The cumulative HBeAg disappearance rate, HBV-
DNA disappearance rate, and ALT normalization rate
were calculated in those patients with positive HBeAg at
the beginning of IFN treatment (Fig. 4). The HBeAg
disappearance rate and DNA disappearance rates were
55.4% and 14.6% at the end of the fifth year, and
55.4% and 40.1% at the tenth year, respectively. The
ALT normalization rate at the fifth year was 25.4% and
the tenth year rate was 41.2%. Although the incidence
of virological and biochemical improvement gradually
increased after therapy, the rates evidently differed
between virological and biochemical responses.

Influence of the length of interferon therapy
on HBV-DNA loss

The influence of the length of the therapy on virological
response was assessed.
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Although 25 (43.8%) of 57 patients cleared HBV-
DNA on overall analysis, 21 (46.6%) of 45 patients who
received IFN for more than 6 months and 20 (50%) of
40 patients who received IFN for more than 12 months
lost HBV-DNA. Similarly, the HBV-DNA disappeat-
ance rate slightly increased correlating with the length
of IFN administration: 55.5% in patients who were
treated for more than 18 months, 56.0% with more
than 24 months’ treatment, 64.7% in more than
36 months’ treatment, 58.3% in more than 48 months’
treatment, and 71.4% in more than 60 months’ treat-
ment (Fig. 5). The longer the IFN therapy was carried
out, the higher the rate of HBV-DNA disappearance.
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Figure 4 Cumulative (—) hepatitis B e antigen (HBeAg)
disappearance rate, (—) hepatitis B virus (HBV)-DNA dis-
appearance rate, and (---) alanine transaminase normalization
rate in 41 patients with positive HBeAg at the initiation of
interferon therapy.
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Prediction of future HBV-DNA elimination

We assessed the relation between an early HBV-DNA
response and a future HBV-DNA loss. When the HBV-
DNA concentration decreased by 22 LGE/mL
(decrease to 1/100) during the first 6 months, 15
(60.0%) of 25 patients eventually lost HBV-DNA. In
contrast, when the HBV-DNA decrease was <2 LGE/
mL during the period, HBV-DNA loss was found in 10
(31.3%) of 32 patients (P =0.036, x° test). Similarly,
future HBV-DNA loss was estimated from a decrease in
concentrarion of HBV-DNA at the end of 12 months:
HBV-DNA eventually became negative in 15 (62.5%)
of 24 patients with a larger DNA decrease of 22 LGE/
mL at the end of 12 months, eventual DNA loss was
found in only 10 (30.3%) of 33 patients with a smaller
DNA decrease by <2 LGE/mL. The 12-month decrease
of HBV-DNA was significantly associated with furure
DNA loss (P =0.030, ¥ test).

The early response of HBV-DNA and the length of
IFN therapy were analyzed together for the prediction
of eventual HBV-DNA loss. Of 25 patients with a HBV-
DNA decrease of 22 LGE/mL during the initial
6 months, two (33.3%) of six patients with short IFN
therapy of €6 months showed a HBV-DNA loss, but 13
(68.4%) of 19 patients with long-term IFN therapy of
~6 months lost HBV-DNA. Of 32 patients with a HBV-
DNA decrease of <2 LGE/mL in the first 6 months, one
(20.0%) of five patients with short IFN therapy showed
HBV-DNA loss, but nine (33.3%) of 27 patients with
long-term IFN administration lost HBV-DNA. There-
fore, according to the early HBV-DNA response and
the duration of the therapy, the rate of sustained HBV-
DNA decrease to <3.7 LGE/mL varied, with a range of
20.0-68.4%.

Prognosis after IFN therapy

A total of eight patients (14.0%) died in the period of
observation: six from development of HCC and the
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Figure 5 Influence of the
length of interferon (IFN)
therapy on hepatitis B virus
(HBV)-DNA clearance.
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Figure 6 Cumulative survival rates after the initiation of
interferon (JFN) therapy in patients (—; n = 25) with and
(---; n=32) without eventual hepatitis B virus DNA
clearance.

other two from liver failure due to aggravation of
cirrhosis.

Of 13 patients with HCC development, two patients
with HBV-DNA loss have not shown any tumor recur-
rence after surgical resection, and both patients are alive
at the end of the observation. In contrast, nine (81.8%)
of 11 patients with persistently high HBV-DNA devel-
oped HCC recurrence after therapy, and six (54.5%) of
the patients died during the observation period. All six
patients died from the development of HCC and none
from aggravation of cirrhosis or extrahepartic disease.

Of 44 patients without HCC development until the
end of the observation period, none of 23 patients with
HBV-DNA loss died, but wwo (9.5%) of 21 patients
with persistently positive HBV-DNA have died from
liver failure.

Survival rates were compared between those patients

with and without HBV-DNA loss (Fig. 6). Fifth-year .

survival rates in patients with and without HBV-DNA
loss were 100% and 100%, seventh year rates were
100% and 90.5%, tenth year rates were 100% and
84.1%, and twelfth year rates were 100% and 80.6%,
respectively. The cumulative survival rate in patients
with HBV-DNA loss was significantly higher than that
in patients without HBV-DNA clearance (P =0.0030,
log-rank test).

The HCC-free survival rates were also assessed in the
two patient groups (Fig. 7). Fifth-year HCC-free sur-
vival rates in patients with and without HBV-DNA loss
were 100% and 90.6%, seventh vear rates were 100%
and 81.3%, tenth year rates were 92% and 74.8%, and
fifteenth year rates were 92% and 51.2%, respectively.
The HCC-free survival rate in patients with HBV-DNA
loss was significantly higher than that in patients with-
out HBV-DNA clearance (P =0.0036, log-rank test).

DISCUSSION

Until recently, several authors mentioned the anti-
carcinogenic activity of IFN in patients with HBV-
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Figure 7 Hepatocellular carcinoma (HCC)-free survival

rates in patients (—; n =25) with and (---; n = 32) without
eventual hepatitis B virus DNA clearance.

related cirrhosis. Oon'® and Ikeda er al®' have shown
that IFN significantly decreased carcinogenesis in
patients undergoing IFN therapy with a relative risk of
0.03 and 0.39, respectively. Lin er al. also demonstrated
an anti-tumor activity of IFN, with a relative risk of 0.11
in a randomized controlled trial for patients with
chronic hepartitis and cirrhosis.” Mazzella ez al.,'” Fat-
tovich eral”® and the International Interferon-alpha
Hepatocellular Carcinoma Study Group in Europe?
demonstrated a low relative risk for carcinogenesis in
patients with IFN therapy, but none could show a sta-
tistically significant difference. Aside from the slightly
inconsistent results after IFN therapy for cirrhosis, we
tried to elucidate the relationship between virological
response and HCC development, using a cohort of con-
secutive patients with cirrhosis who underwent IFN
therapy more than 10 yvears ago. Considering that the
disease activity and carcinogenic potency can change
significantly in the course of HBV-related liver disease,
a longitudinal analysis was carried ourt for the study of
the clinical process and the mechanism of anti-tumor
activity of IFN in HBV-positive cirrhosis patients.

In this clinical study, sequential trends of HBV con-
centration were significantly associated with hepatocel-
lular carcinogenesis, as was found in natural clinical
courses of patients without IFN.?" Although only two of
25 patients who developed HCC showed a disappear-
ance of HBV-DNA during or after IFN therapy, 11 of
32 patients who showed carcinogenesis could not elim-
inate HBV-DNA using treatnent with [FN (P = 0.019).
A point in common found in the two exceptional
patients with HCC development after elimination of
HBV-DNA was that the HCC were detected immedi-
ately after a significant decrease in the HBV-DNA leve]
after using IFN in the clinical courses: 1.2 years and
3.6 years after in each patient. We can reasonably con-
sider that the discovered HCC in the patients already
existed at an indiscernible size at the time of HBV-DNA
elimination, and that the minimal HCC automatically
grew gradually for the following few years after the
decrease in HBV-DNA levels occurred. Even including
these two patients with HCC development, the risk of
hepatocellular carcinogenesis was significantly associ-
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ated with the persistence of a high HBV-DNA concen-
tration. Hepatocellular carcinogenesis was assessed
using serial HBV-DNA assay with a cut-off value of
3.7 LGE/mL (or 10*7 copy/mL) in this study. Although
a derailed analysis of HBV-DNA concentration with a
more sensitive measurement may demonstrate a better
correlation with the carcinogenesis rate than the present
study, setting the HBV-DNA concentration at this cut-
off value was significantly valuable in the prediction for
HCC appearance.

The mechanism of anticarcinogenic activity of IFN
was regarded as an anti-necroinflammatory process
through suppression of HBV-DNA concentration from
these results. This study dealt with the relationship
between carcinogenesis and HBV-DNA principally, but
clinical courses of aminotransferase were also signifi-
cantly related to the HCC development. Aminotrans-
ferase values were less valuable than HBV-DNA levels
in the prediction of HCC development in the natural
clinical course of HBV-cirrhosis,>”*® and aminotrans-
ferase values were also less associated with the future
rate of carcinogenesis in patients undergoing IFN
therapy.

Although the mere use of IFN does not guarantee a
decrease in the rate of carcinogenesis in patients with
HBV-related cirrhosis, a serial course of HBV-DNA
concentration was significantly correlated with future
HCC development during and after treatment. The
value of cancer prediction was much higher from the
assay of HBV-DNA than that of HBe antigen. Indeed
the cut-off values of HBV-DNA concentration seemed
to be discretionary; the advantage in clinical practice
was marked and conspicuous. When more sensitive
ways of measuring HBV-DNA concentration were
applied to the analysis, hepatocellular carcinogenesis
could be more successfully predicted.

In conclusion, persistence of a high concentration of
HBV-DNA was significantly associated with hepatocel-
lular carcinogenesis in cirrhotic patients with IFN ther-
apy, and its sequential analysis would be useful in the
early detection of HCC. IFN therapy is recommended
to be continued as long as possible until HBV-DNA loss
occurs in HBV-cirrhosis patients, from the viewpoint of
cancer prevention. Further studies with a greater num-
ber of patients are required to confirm the relationship,
and future srudies should be aimed at defining the role
and basic mechanisms by which the carcinogenesis rate
was suppressed by IFN in the cohort.
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Hepatocellular carcinoma (HCC) has been reported in patients in whom hepatitis C virus (HCV) was

eliminated by interferon (IFN) therapy. We examined the pathogenesis of HCC in patients with

Operable HCC deveioped in 7 of 342 patients cured of HCV infection by IFN monotherapy. No patient

abused alcohoi or had diabetes mellitus or obesity. Resected specimens of HCC were histologically
evaluated. DNA extracted from HCC was examined by polymerase chain reaction (PCR) to locate
hepatitis B virus (HBV) DNA. HBV integration sites in human genome were identified by

HBV DNA was not amplified in serum samples from any of the seven patients with HCC and was found

in liver in four patients. in the latter four patients, HBV DNA was integrated into the human genome of
HCC. In two of these patients, covalently closed circular HBV (cccHBV) was also detected. The patients
with HBV DNA integration were free of HCV for more than 3 yr. In two of the three patients without
HBV DNA integration, the surrounding liver showed cirrhosis. The liver of HCC with HBV DNA
integration had not progressed to cirrhosis. Three of the four tumors with HBV integration had one
integration site each, located at chromosomes 11q12, 11922-23, and 22q11, respectively. The other
tumor had two integration sites, situated at chromosomes 1113 and 14g32. At chromosome
11q12, HBV DNA was integrated into protein-coding genome, the function of which remains unclear.
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CONCLUSION:

treatment.

(Am ) Gastroenterol 2005;100:1748-1753)

Integrated HBV DNA may play a role in hepatocarcinogenesis after the clearance of HCV by IFN

INTRODUCTION

Interferon (IFN) has potent antiviral activity against hepati-
tis C virus (HCV). Previous studies have shown that IFN
can reduce the incidence of hepatocellular carcinoma (HCC)
in patients with HCV infection (1-3). After complete erad-
ication of HCV by IFN therapy, HCC was thought to rarely
occur (4). Recent studies have shown that HCC develops in
2.5-4.2% of such patients (5-7). These patients may have had
advanced liver fibrosis at the time of HCV eradication, and
subclinical tumors might have already existed in the liver at
the end of IFN therapy (8). In some patients, however, HCC
might develop from liver without fibrosis several years after
the eradication of HCV by IFN. The etiology of such cases of
HCC remains obscure. New regimens combining IFN with
antiviral drugs can improve the rate of HCV clearance (9,
10). The risk of HCC might increase in patients with chronic
hepatitis who have complete responses to IFN therapy. It is

important to delineate the features of HCC occurring after
elimination of HCV. Occult hepatitis B virus (HBV) infec-
tion is defined as the detection of HBV DNA in the serum
or liver of patients without hepatitis B surface antigen (HB-
sAg) (11). In patients with chronic hepatitis C, occult HBV
coinfection may exacerbate liver disease (12). Occult HBV
infection is present in a substantial proportion of patients
with HCV infection and has a pro-oncogenic effect (13). In
the present study, we examined resected liver specimens to
evaluate the role of occult HBV infection in the development
of cancer after the clearance of HCV by IFN treatment. We
also describe the clinical course of such patients with HCC.

METHODS

Patients ’ :
At our department, 1,286 patients with chronic hepati-
tis C without cirrhosis and without HBsAg received IFN
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Table 1. Clinical Characteristics of Seven Patients
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Period from End

Ageat  Anti-HBS/ Anti-HCV/ HCV Genotype Alcohol Body Mass of IFN to Diagnosis HBV DNA Stage of
Case Gender Operation Anti-HBC HCV-RNA  Before IFN Intake Index (kg/m?) for HCC Integration Fibrosis
1 M 65 —/— +/— 2a none 231 13 mon - 2
2 M 59 +/+ +/= 1b rare 237 45 mon + 2
3 M 65 +i+ +/= 2a rare 237 19 mon - 4
4 M 61 +/+ 4/ 2a none 23.6 20 mon - 4
5 M 59 —/— +/— 2b rare 23.4 41 mon + 1
6 M 66 +i+ 4/ 2a none 18.1 80 mon + 2
7 M 60 —/— +/— 2a none 215 103 mon + 1

monotherapy for 24 wk from 1992 through 2002. In 342
patients, serum HCV RNA disappeared, and alanine amino-
transferase activity (ALT) was within the normal range for
6 months after the end of [IFN therapy. We are now monitoring
144 of these patients every half year. HCC was diagnosed in
seven patients, four of whom were regularly monitored (cases
1, 4, 6, and 7). Seven patients underwent hepatectomy at our
hospital. Their clinical characteristics are described in Ta-
ble 1. No patient had alcohol abuse, drug usage, or diabetes
mellitus. All patients had a body mass index of less than
25 kg/m?. The surrounding liver tissue was pathologically
classified according to the criteria proposed by Desmet et al.

(14).

Detection of HBV DNA in Serum and Liver

DNA was extracted from 100 pL of serum or 10 ug of
liver tissue by means of proteinase K digestion followed by
phenol/chloroform extraction, as described previously (15).
HBYV DNA in serum or in liver was amplified with specific
primers for HBX, HBS, and HBC (sequences of the primers
shown in Table 2). Amplification was done in a thermal cy-
cler for 35 cycles: 95°C for 30 s, 55°C for 60 s, and 72°C
for 60 s in 40 uL of a reaction buffer containing 30 pmol of
the two appropriate primers, four deoxynucleotides each at a
concentration of 100 mM, polymerase chain reaction (PCR)
buffer, and 2.5 units of Gold Taq polymerase (Perkin-Elmer
Cetus, Norwalk, CT). With 2 uL of the first PCR product, a
second PCR was done. To examine covalently closed circular
HBYV (cccHBYV) in liver, extracted DNA was amplified with
primers P23, 24, 25, and p26 (Table 2). The amplification
procedure and primers have been described previously (16).

Detection of Integrated HBYV DNA in Human Genome

We used cassette-ligation-mediated PCR to detect HBV DNA
integrated into the human genome as described previously
(15). Briefly, 10 pg of DNA was digested with EcoRl,
Hindlll, or Pst] and ligated to double-stranded DNA cassettes
with compatible ends. The cassette-ligated DNA fragments
were used as a template for nested PCR with the cassette-
and HBV-specific primers. One microliter of the DNA solu-
tion was amplified in 40 wL of a reaction buffer containing
10 pmol of the two appropriate primers, four deoxynu-
cleotides each at a concentration of 100 mM, PCR buffer,

and 2.5 units of LATaq polymerase. The amplifications were
carried out in a thermal cycler for 33 cycles (45 s at 94°C,
2 min at 55°C, 2 min at 72°C), followed by final extension
for 10 min at 72°C. With 1 uL of the first PCR product, a
second PCR was done. Table 2 shows the sequences of the
primers used. The amplified cassette-ligated DNA fragments
were subcloned and sequenced with a DNA sequencing sys-
tem (377A, Applied Biosystems, Tokyo). To identify the in-
tegrated site of the host genome, we used the GenomeNet
(http://www.genome.ad.jp) to compare the sequences adja-
cent to the integrated HBY DNA with the human sequence.

Statistical Analysis
Ages, intervals, and tumor sizes in the two groups were com-
pared by Student’s f-test.

RESULTS

Pathological Findings of the Resected Liver

The seven liver tumors were diagnosed as four poorly dif-
ferentiated HCC and three moderately differentiated HCC
(Table 3). The surrounding liver tissues were diagnosed as
chronic hepatitis. The stage of liver fibrosis was IV in two
specimens, II in three specimens, and I in two specimens.
The activity grade was Il in four specimens and I in three
specimens. There was no evidence of fat deposits in any of
the specimens.

HBV DNA in Serum
HBV DNA was not detected in serum of any of the seven
patients with HCC.

HBV DNA in Liver

We detected HBV DNA in five of the seven HCC and three of
five noncancerous liver samples (Fig. 1). In detail, HBX was
detected in three of the seven tumors and one specimen of
noncancerous liver tissue. HBC was detected in four tumors
and three liver tissues. HBS was detected in two tumors and
three liver tissues. Covalently cccHBV was detected in case
two (both HCC and noncancerous liver) and in case four (only
liver tissue).



