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Abstract

Introduction: Hepatocellular carcinoma (HCC) isa common malignancy worldwide. Surgical resection isgenerally accepted asthefirst
choicetreatment of HCC. Many non-surgical techniques have been developed and used for the treatment of inoperable HCC, with limited
efficacy. Thispaper studiestheroleof radionuclidetherapyin thetreatment of inoperableH CC and in an adjuvant setting following curative
resection of HCC. Materials and Methods: Relevant articles published between 1980 and 2002 were reviewed. Articles were identified
through a Medline search using the key words hepatocellular carcinoma, iodine-131 (1-131), lipiodol, yttrium-90 (Y-90), rhenium-188 (Re-
188), monoclonal antibodies and anti-ferritin. Results. The objective response rate of patients with HCC treated with intra-arterial 1-131
lipiodol was 40% to 70% and the median survival was between 6 and 9 months. The efficacy of 1-131 lipiodol was similar to transarterial
chemo-embolisation, but appearsto be better tolerated by patients. A median survival of 9.4 monthsto 54 weeks was achieved using intra-
arterial Y-90 microspheresfor thetreatment of HCC. Tumoursin 4 patientsbecameresectable after treatment. Re-188 lipiodol isarelatively
new radiopharmaceutical usedfor thetreatment of HCC. Theresultsof apilot study haveshown Re-188lipiodol to bea safeand cost-effective
radiopharmaceutical for the treatment of HCC via the intra-arterial route. Its efficacy should be subjected to further evaluation. The use
of radio-labelled monoclonal antibodies, such as anticarcinoembryonic antigen and antiferritin, for the treatment of HCC has yielded
encouraging results but these formsof treatment arelargely experimental and limited to a few centres. | ntra-arterial treatment using | -131
lipiodol in an adjuvant setting for patientsfollowing curative resection of HCC hasresulted in improved disease-free and overall survival.
The 3-year survival for the treatment and control groups were 86.4% and 46.3%, respectively. Conclusion: Radionuclide therapy presents

another interesting option for the treatment of HCC amidst the wide array of non-surgical modalities available.
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I ntroduction

Hepatocellular carcinoma (HCC) is a common
malignancy worldwide. It is a major cause of death from
cancerinEast Asia, especially China, Japan, Korea, Taiwan
and Singapore, and sub-Saharan Africa, particularly
Zimbabwe, Ethiopia and Mozambique.®! The age-
standardised incidence rate of HCC in Singapore is 18.9
per 100,000 a year.?

Surgical resectionisgenerally accepted asthefirst choice
treatment for HCC. However, only about 20% of all
patients have resectable HCC at initial presentation dueto
its multifocal nature and frequent association with
cirrhosis.®* Treatment of inoperable HCC is mainly
paliative. Many non-surgical treatment modalities have
been developed and used for the treatment of HCC. These
include percutaneous ethanol injection (PEI), cryotherapy,
radiofrequency ablation (RFA), systemic chemotherapy,
transarterial chemoembolisation (TACE), hormonal
therapy, immunotherapy, external radiotherapy and
radionuclide therapy.

PEI and RFA technigqueshave shown somesuccessinthe
treatment of small HCCs.>!* Some authors have reported
that the results of patients who have received PEI are
similar to those of patients who had surgical resection of
HCC.%8 However, treatment of larger HCCsusing PEI and
RFA appears to be less efficacious in causing complete
necrosis of the tumour when compared with the smaller
lesions.’?®® There is aso a significant rate of tumour
recurrence.®* The use of cryotherapy, systemic
chemotherapy, hormonal therapy, immunotherapy and
external beam radiotherapy for the treatment of HCC are
either ineffective or have met with limited success.*>%!

Despite many reports on the effectiveness of TACE in
the treatment of HCC,2* there are very few randomised
controlledtrialstovalidateitsefficacy. Arterial bloodflow
can be obstructed by theinjection of gelfoam or by placing
metallic coils. Flow obstruction can be combined with
injection of amixture of lipiodol and chemotherapy drugs,
also known as TACE. Thereisno evidencethat TACE is
more effective than embolisation (TAE) alone.® TACE is
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widely used for the treatment of HCC. In a French
randomised controlled trial, where patients with
unresectable HCCs were randomised to receive TACE or
no treatment, the survival of patients was not significantly
improved by TACE although there was a trend favouring
thetreated group.* Given the limited efficacy of available
modalities for the treatment of HCC, is there a role for
radionuclide therapy? Radionuclide therapy has been
utilised for palliative treatment of inoperable HCC and for
adjuvant therapy following curative resection of HCC.

Palliative Radionuclide Therapy for Inoperable HCC

The radionuclide is usually delivered via the hepatic
intra-arterial approach. lodine-131(1-131) lipiodal, Y ttrium-
90('Y -90) microspheresand Rhenium-188 (Re-188) li piodol
aresomeof theradiopharmaceuti cal sthat havebeen utilised.
Monoclonal antibodies, such as anticarcinoembryonic
antigen and antiferritinlabelled with Y-90 and I-131, have
also been utilised and are usually given parenterally. Other
approaches, such as ultrasound-guided percutaneousintra-
tumoral injection of Y-90 microspheres, have been used.
Tian et al* have treated 27 patients with HCC, and 6
patientswith liver metastases using thisapproach and have
shown encouraging results. In their study, most of the
patients have failed other treatment modalities. Twenty-
sevenpatientsweredtill alive12to 32 monthsafter treatment,
with 90.6% of the tumour foci becoming smaller. The
serum o-fetoprotein (AFP) levels normalised in 10 of 13
patients. Doses of up to 282 Gy to 757 Gy were delivered
to the tumours.

[-131 lipiodol

[-131 emitsboth § and y rays. The average energy of the
B raysemitted by 1-131is181 keV and that of y raysis364
keV. It is, therefore, suitable for both therapeutic and
imaging purposes. The physical half-life of 1-131 is 8.05
days. Lipiodol isaniodised ethyl ester of the fatty acids of
poppy seed oil containing 38% of iodine by weight. It is
known to selectively localise in HCC following intra-
arterial hepatic administration.

Many studies have reported encouraging resultswith the
use of 1-131 lipiodol for the treatment of unresectable
HCC.5% Theactivity of I-131lipiodol administered ranges
from 740 MBq to 6220 MBq, either in single or multiple
treatments.®% Where the hepatic tumours are large,
fractionated doses of 1-131 lipiodol were given at 4-day
intervals.° Repeat treatment can be given at intervals of 8
to 12 weeks. The objective response rates, in terms of
radiol ogi cal regression of tumour and/or reductioninserum
o-fetoproteinlevels, rangefrom40%to 70%.%%°% Overall,
theresponseof HCCtointra-arterial I-131 lipiodol appears
to bedependent onthesize of thetumour and themagnitude
of thetreatment dosedeliveredtransarterially. Theresponse
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was poorer with increasing size of tumour and lower
administered treatment dose. This is to be expected from
basi c radiation dosimetry principles, whichrelatecell death
to radiation absorbed dose by tumour. Y 0o et a®* reported
that tumour reduction was seenin 88.9% of tumours<4 cm,
65.5% of tumours between 4.1 cm and 6 cm and 25% of
tumours >6.1 cm. The median survival rangesfrom 6to 9
months.%® |n a series involving 73 HCC patients treated
with [-131 lipiodol, the overall survival rates at 6 months,
1, 2, 3 and 4 years were 69%, 38%, 22%, 14% and 10%,
respectively.®®

Theefficacy of hepaticintra-arterial I-131 lipiodol for the
treatment of HCC is comparable to TACE. 1-131 lipiodol
appears to be better tolerated than TACE with fewer side
effects experienced by the patients. Thus, radionuclide
therapy isareasonablealternativeto TACE for thetreatment
of unresectableHCCs. Therewere2 studieswhich compared
the efficacy of hepatic intra-arterial 1-131 lipiodol therapy
with TACE. Inthestudy by Bhattacharyaet al,% 69 patients
with unresectable HCC received hepatic intra-arterial
epirubicin-lipiodol emulsionand 26 patientsrecei ved hepatic
intra-arterial 1-131lipiodol. Thesurvival benefit at 6 and 12
months for either modality was comparable. The actuarial
survival at 6, 12 and 24 months was 40%, 25% and 6%,
respectively, with epirubicin-lipiodol, and 58%, 25% and
0%, respectively, with 1-131 lipiodol. Both groups show
acceptabl etoxicity suchasmildnausea, fever and abdominal
pain. InaFrench prospectiverandomisedtrial % 142 patients
wererandomised to receiveeither intra-arterial injection of
[-131 lipiodol (73 patients) or chemoembolisation (69
patients). It wasfound that, in terms of patient survival and
tumour response, both modalities showed similar efficacy
in the treatment of HCC. The overall survival rates at 6
months, 1, 2, 3 and 4 yearswere 69%, 38%, 22%, 14% and
10%, respectively, in the 1-131 lipiodol group and 66%,
42%, 22%, 3% and 0%, respectively, in the chemo-
embolisation group. Tolerance of 1-131 lipiodol was
significantly better with 3 severe side effects noted in the
[-131 lipiodol group and 29 in the chemoembolisation
group (P <0.001).

There may also be arole for 1-131 lipiodol therapy in
some patients with portal vein thrombosiswhere TACE is
generally contraindicated. 1-131 lipiodol does not modify
arterial flow and appears feasible in some patients with
portal vein thrombosis. In a French randomised study,®* 14
HCC patients were randomised to 1-131 lipiodol therapy
and 11 HCC patients to medical support consisting of
tamoxifen (5 patients), intravenous5fluorouracil (1 patient),
non-steroidal anti-inflammatory drugsor corticosteroids (5
patients). Thesurvival rates (95% confidenceinterval) at 3,
6 and 9 monthswere 71% (48%t0 95%), 48% (12%t0 55%)
and 7% (1% to 31%), respectively, for the treatment group
and 10% (1% to 33%), 0% and 0%, respectively, for the
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control group. Overall, the tolerance was excellent in the
treated group.

Ingeneral, intra-arterial 1-131 lipiodol treatment of HCC
is well tolerated.®% Some reported side effects for this
treatment include fever, mild abdominal pain, nausea,
elevation of transaminases and radiation hepatitis.5” %
However, most of them are mild and tend to resolve with
minimal or no intervention. Pre-treatment with Lugol’s
iodinewill resultinadequatethyroidblockage, thusreducing
theeffect of 1-131ions(dissociated from[-131 lipiodol) on
the thyroid gland. There may be a possiblerole for the use
of both radionuclide therapy and TACE together for
palliative treatment of HCCs asthere may be asynergistic
effect. However, data on thisform of combination therapy
are lacking and we await further studies.

Y-90 microspheres

Y-90 is astronger pure B emitter than 1-131. It emits 3
rayswith an average energy of 935 keV and hasahalf-life
of 64 hours and a maximum penetration or 3 range of 11
mm. Y-90 does not emit y rays and is not optimal for
imaging purposes. Y-90 can be embedded in insoluble,
non-biodegradable glass or resin microspheres (mean
diameters of 25 um to 35 um). Administration of the'Y-90
microspheresviathe intra-hepatic, intra-arterial route will
result in the deposition of the glass or resin microspheres
in the tumour terminal vasculature. Since HCCs have a
relatively greater arteriolar density compared with the
normal liver, and arepredominantly supplied by thehepatic
artery rather than the portal venous system, thiswill result
in a threefold or greater radiation dose in the tumour
nodules relative to the normal liver.®* Y-90 microspheres
appear to be able to deliver a higher radiation dose to the
liver tumour compared with 1-131 lipiodol. Y-90
microspheres can be safely administered viaintrahepatic,
intra-arterial injectionto patientswithHCC and underlying
cirrhosis at a dose of 100 Gy to the liver.®% With this
technique, an initial scout dose with Technetium-99m
macroaggregated albuminor other similar agentisrequired
to document the presence of significant porto-systemic
shunting in the presence of portal hypertension. Y-90
microspheresaregenerally not given when thelung uptake
is >15%, which indicates significant porto-systemic
shunting.®” Extrahepatic shunting is the main limitation to
this form of therapy.®®

Thisform of therapy appearsto be safe. Andrews et al®
conducted a phase | dose escalation study using intra-
arterial Y-90 microspheres with estimated whole liver
nominal absorbed doses ranging from 50 Gy to 150 Gy.
They did not find any haematol ogic, hepaticand pulmonary
toxicity duringameanfollow-up period of upto 53 months.
Reversible gastritis and duodenitis were encountered in 4

patients. Other reported side effects associated with this
formof treatmentincludedfever, elevation of liver enzymes
and bilirubin and gastrointestinal toxicities such as ulcers,
ileusand nausea.’”® Most of the side effectsdid not require
treatment and either resolved spontaneously or with
treatment. There was a reported case of death resulting
from radiation pneumonitis.%® However, this patient had
39% pulmonary shunting and it is questionable whether he
or she should have been eligible for treatment.

There have been severa studies reporting the use of Y -
90 microspheresfor thetreatment of HCC.%7 The activity
of Y-90 microspheres administered ranges from 1554
MBq to 5000 MBq for initial treatment with cumulative
activity of up to 13,000 MBq from repeated
treatments,%667697374 sing the intra-arterial approach of
administering the Y-90 microspheres, it is possible to
deliver radiation doses of up to 748 Gy to the tumour at a
single treatment session and cumulative tumour radiation
doses of up to 1580 Gy.*” An objective response rate of
80%, in terms of reduction of serum o-fetoprotein levels,
hasbeenreported.®” Other authorshavereported anobjective
responserate of 20% in terms of radiological regression of
tumour.®® Median survival of 9.4 months to 54 weeks has
been achieved with the use of Y-90 microspheres.5”
Interestingly, Lau et al®” reported 4 pati entswhose tumours
were converted into resectable ones and these underwent
resection.

Use of Re-188 lipiodal

Re-188 has recently been used to treat HCCs. It has a
physical half-life of 16.9 hours and emits 3 rays with an
average energy of 795 KeV and yraysof 155 KeV in 15%
abundance. Gamma camera imaging for biodistribution
studiesis possible with this radionuclide. Re-188 is eluted
from a tungsten-188/Re-188 generator, which has a long
and useful shelf life of severa months, thus providing a
constant yield of carrier-free Re-188 on a routine basis.
This could potentially be cost-saving when compared to
the use of other radionuclides and would be particularly
useful in the context of treating HCC in developing
countries, where the incidence of HCC is among the
highest in the world. The concentrated eluate from the
tungsten-rhenium generator is heated with 4-hexadecyl 1-
2,9, 9-tetramethyl-4, 7-diaza-1, 10-decanethiol (HDD) in
awater bathfor 1 hour to producearhenium-HDD complex.
Inourinstitution, HDD lyophilised kitswereobtained from
Seoul Nationa University Hospital in Korea. Lipiodol is
added and centrifuged to extract therhenium-HDD intothe
lipiodol. This method of preparation was previously
described by Jeong et al”and Lee et a.”® An International
Atomic Energy Agency-sponsored multicentre pilot study
using intra-arterial Re-188 lipiodol for the treatment of

Annals Academy of Medicine



inoperable HCC has recently been concluded.”” Sixteen
patients were treated with Re-188 lipiodol in this study. A
“scout dose” was given, from which the maximal tolerated
dose (MTD) was determined using a specially designed
spreadsheet. The MTD is defined as the amount of
radioactivity calculatedtodeliver nomorethan12 Gy tothe
lungs, 30 Gy to the liver or 1.5 Gy to the bone marrow.
These doses have been found to be safe. This method of
treatment appears to be safe and well tolerated at doses up
to 7400 MBq Re-188 lipiodol. The side effects were
minimal and included slight elevation of liver enzymes
(alanine transaminase and aspartate transaminase) at 24
hours, mild nausea, mild hypochondrial pain, fever and
vomitting. The efficacy of this new radionuclide for the
treatment of HCC hastobeconfirmedinalarger, multicentre
phase 2 study.

Radio-labelled Monoclonal Antibodiesto Treat HCC

There are afew monoclonal antibodies against antigens
such as CEA, ferritin and a-fetoprotein, which have some
degree of specificity for HCC. Both anti-CEA and
antiferritinantibodieshavebeenlabelledwith1-131and Y -
90, and are administered parenterally for the treatment of
HCC.”™8 The results have been encouraging, although
experience with thismethod of treatment islimited to only
a few centres. Fan et al® treated 37 patients with 1-131
labelled anti-HCC ferritin antibody and 4 patients with |-
125 labelled anti-HCC ferritin antibody. All 41 patients
also underwent hepatic artery ligation and received doses
between 370 MBq and 1480 MBq given between 1 and 3
times. Thedeclinein AFPwasseenin 67.5%for thetreated
group against 42.9% for controls; shrinkage of tumour was
achieved in 68.3% for the treated group against 33.9% for
controls. Thel-year and 3-year survival ratesfor thetreated
group were 61% and 25%, respectively, against 37.3% and
6.9%, respectively, for controls. Tang et a® treated 32
patients with unresectable HCC using 1-131 anti-HCC
monoclonal antibody and reported reduction of tumour in
72% of the patients. There were 17 patients who
subsequently underwent resection of tumour. The efficacy
of thisform of treatment may belimited by thefact that the
tumour cells are generally heterogeneous and not all the
cellsexpressthesameantigen. Thereisalsoapossibility of
developing human-antimouse antibodies with the use of
antibodies of murin origin, thus preventing subsequent
treatment.

Adjuvant Treatment with 1-131 Lipiodol after Cura-
tive Resection of HCC

Resection of HCC is potentially curative, but the
recurrencerateis 100% at 5 years.®1t is hypothesised that
the high recurrence rate is due to microscopic metastatic
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disease or metachronous multicentric tumour presentinthe
remnant liver not detected before and at thetime of surgery
by the usual imaging methods.

Various systemic and locoregiona chemotherapy agents
havebeentriedto reducetherate of recurrence. Theoverall
results show marginal or no significant improvement in
disease-free survival.®%% The efficacy of these forms of
therapy isalsolimited by thetoxicity of thechemotherapeutic
agents. The presence of underlying cirrhosis further limits
the ability of the liver remnant to tolerate these agents. In
adjuvant therapy, there appearsto bearolefor radionuclide
therapy in improving disease-free and overal survival
followingcurativeresectionof HCC. Lau et al® randomised
21 patientsto receive one 1850 MB(q dose of intra-arterial
1-131 lipiodol and 22 patients to no adjuvant treatment
following curative resection of HCC. The median disease-
free survival in the treatment and control groups was 57.2
months and 13.6 months, respectively. The 3-year overall
survival for the treatment and control groups were 86.4%
and 46.3%, respectively. Inamorerecent study, Partensky
et a*® reported a median time to detected recurrence of 28
months (range, 12 to 62 months) for 28 patients. Each
patient was treated with one 1110 MBq dose of intra-
arterial 1-131lipiodol following curativeresection of HCC.
The overall survival rates were 86% at 3 years and 65% at
5years. Inour preliminary study, the 6-month disease-free
survival rate was 100% and the 12-month disease-free and
overall survival rateswere 72% and 85%, respectively, for
15 patientswhohadreceived |-131lipiodol adjuvant therapy
followingcurativeresectionof HCC.** Thisformof adjuvant
therapy appears to be safe with no clinically adverse side
effects reported. Adjuvant radionuclide therapy may also
haveapossibleroleinreducingtherateof tumour recurrence
after minimally invasive percutaneous treatment of small
HCC, such as PEI and RFA.

Conclusion

Treatment of HCC involves multidisciplinary
collaboration. In cases of multisegmental or large HCCs,
palliative treatment using radionuclide therapy isaviable
alternativeto TACE. Thesurvival ratesaresimilar for both
modalities, but radionuclide therapy appears to be better
tolerated with less severe side effects. In rare instances,
unresectable tumours may be converted to resectable
tumoursafter radionuclidetherapy. Radionuclidetreatment
in a curative intent may be possible for small HCCs in
instances where surgery or percutaneous treatment is not
possi bledueto tumour location or severeconcurrent medical
illnesses. Adjuvant radionuclide therapy appearsto have a
promising role in reducing the rate of tumour recurrence
after surgery for resectable HCCs and after percutaneous
treatment of small HCCs.
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