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Introduction

Hepatocellular carcinoma (HCC) is a common
malignancy worldwide. It is a major cause of death from
cancer in East Asia, especially China, Japan, Korea, Taiwan
and Singapore, and sub-Saharan Africa, particularly
Zimbabwe, Ethiopia and Mozambique.1 The age-
standardised incidence rate of HCC in Singapore is 18.9
per 100,000 a year.2

Surgical resection is generally accepted as the first choice
treatment for HCC. However, only about 20% of all
patients have resectable HCC at initial presentation due to
its multifocal nature and frequent association with
cirrhosis.3,4 Treatment of inoperable HCC is mainly
palliative. 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 techniques have shown some success in the
treatment of small HCCs.5-11 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.6,8 However, treatment of larger HCCs using PEI and
RFA appears to be less efficacious in causing complete
necrosis of the tumour when compared with the smaller
lesions.12,13 There is also a significant rate of tumour
recurrence.6,14 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.15-31

Despite many reports on the effectiveness of TACE in
the treatment of  HCC,32-49 there are very few randomised
controlled trials to validate its efficacy.  Arterial blood flow
can be obstructed by the injection of gelfoam or by placing
metallic coils.  Flow obstruction can be combined with
injection of a mixture of lipiodol and chemotherapy drugs,
also known as TACE.  There is no evidence that TACE is
more effective than embolisation (TAE) alone.40 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
the treated group.41 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. Iodine-131 (I-131) lipiodol, Yttrium-
90 (Y-90) microspheres and Rhenium-188 (Re-188) lipiodol
are some of the radiopharmaceuticals that have been utilised.
Monoclonal antibodies, such as anticarcinoembryonic
antigen and antiferritin labelled with Y-90 and I-131, have
also been utilised and are usually given parenterally. Other
approaches, such as ultrasound-guided percutaneous intra-
tumoral injection of Y-90 microspheres, have been used.
Tian et al50 have treated 27 patients with HCC, and 6
patients with liver metastases using this approach and have
shown encouraging results. In their study, most of the
patients have failed other treatment modalities. Twenty-
seven patients were still alive 12 to 32 months after treatment,
with 90.6% of the tumour foci becoming smaller. The
serum α-fetoprotein (AFP) levels normalised in 10 of 13
patients. Doses of up to 282 Gy to 757 Gy were delivered
to the tumours.

I-131 lipiodol

I-131 emits both β and γ rays. The average energy of the
β rays emitted by I-131 is 181 keV and that of γ  rays is 364
keV. It is, therefore, suitable for both therapeutic and
imaging purposes. The physical half-life of I-131 is 8.05
days. Lipiodol is an iodised 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 results with the
use of I-131 lipiodol for the treatment of unresectable
HCC.51-63 The activity of I-131 lipiodol administered ranges
from 740 MBq to 6220 MBq, either in single or multiple
treatments.51-63 Where the hepatic tumours are large,
fractionated doses of I-131 lipiodol were given at 4-day
intervals.60 Repeat treatment can be given at intervals of 8
to 12 weeks. The objective response rates, in terms of
radiological regression of tumour and/or reduction in serum
α-fetoprotein levels, range from 40% to 70%.55,59,60 Overall,
the response of HCC to intra-arterial I-131 lipiodol appears
to be dependent on the size of the tumour and the magnitude
of the treatment dose delivered transarterially. The response

was poorer with increasing size of tumour and lower
administered treatment dose. This is to be expected from
basic radiation dosimetry principles, which relate cell death
to radiation absorbed dose by tumour. Yoo et al57 reported
that tumour reduction was seen in 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 ranges from 6 to 9
months.55,60 In a series involving 73 HCC patients treated
with I-131 lipiodol, the overall survival rates at 6 months,
1, 2, 3 and 4 years were 69%, 38%, 22%, 14% and 10%,
respectively.63

The efficacy of hepatic intra-arterial I-131 lipiodol for the
treatment of HCC is comparable to TACE. I-131 lipiodol
appears to be better tolerated than TACE with fewer side
effects experienced by the patients. Thus, radionuclide
therapy is a reasonable alternative to TACE for the treatment
of unresectable HCCs. There were 2 studies which compared
the efficacy of hepatic intra-arterial I-131 lipiodol therapy
with TACE. In the study by Bhattacharya et al,62 69 patients
with unresectable HCC received hepatic intra-arterial
epirubicin-lipiodol emulsion and 26 patients received hepatic
intra-arterial I-131 lipiodol. The survival 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 I-131 lipiodol. Both groups show
acceptable toxicity such as mild nausea, fever and abdominal
pain. In a French prospective randomised trial,63 142 patients
were randomised to receive either intra-arterial injection of
I-131 lipiodol (73 patients) or chemoembolisation (69
patients). It was found 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 years were 69%, 38%, 22%, 14% and
10%, respectively, in the I-131 lipiodol group and 66%,
42%, 22%, 3% and 0%, respectively, in the chemo-
embolisation group. Tolerance of I-131 lipiodol was
significantly better with 3 severe side effects noted in the
I-131 lipiodol group and 29 in the chemoembolisation
group (P <0.001).

There may also be a role for I-131 lipiodol therapy in
some patients with portal vein thrombosis where TACE is
generally contraindicated. I-131 lipiodol does not modify
arterial flow and appears feasible in some patients with
portal vein thrombosis. In a French randomised study,61 14
HCC patients were randomised to I-131 lipiodol therapy
and 11 HCC patients to medical support consisting of
tamoxifen (5 patients), intravenous 5 fluorouracil (1 patient),
non-steroidal anti-inflammatory drugs or corticosteroids (5
patients). The survival rates (95% confidence interval) at 3,
6 and 9 months were 71% (48% to 95%), 48% (12% to 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.

In general, intra-arterial I-131 lipiodol treatment of HCC
is well tolerated.61-63 Some reported side effects for this
treatment include fever, mild abdominal pain, nausea,
elevation of transaminases and radiation hepatitis.57,60

However, most of them are mild and tend to resolve with
minimal or no intervention. Pre-treatment with Lugol’s
iodine will result in adequate thyroid blockage, thus reducing
the effect of I-131 ions (dissociated from I-131 lipiodol) on
the thyroid gland. There may be a possible role for the use
of both radionuclide therapy and TACE together for
palliative treatment of HCCs as there may be a synergistic
effect. However, data on this form of combination therapy
are lacking and we await further studies.

Y-90 microspheres

Y-90 is a stronger pure β emitter than I-131. It emits β
rays with an average energy of 935 keV and has a half-life
of 64 hours and a maximum penetration or β range of 11
mm. Y-90 does not emit γ 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 μm to 35 μm). Administration of the Y-90
microspheres via the 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 are predominantly supplied by the hepatic
artery rather than the portal venous system, this will result
in a threefold or greater radiation dose in the tumour
nodules relative to the normal liver.64 Y-90 microspheres
appear to be able to deliver a higher radiation dose to the
liver tumour compared with I-131 lipiodol. Y-90
microspheres can be safely administered via intrahepatic,
intra-arterial injection to patients with HCC and underlying
cirrhosis at a dose of 100 Gy to the liver.65,66 With this
technique, an initial scout dose with Technetium-99m
macroaggregated albumin or other similar agent is required
to document the presence of significant porto-systemic
shunting in the presence of portal hypertension. Y-90
microspheres are generally not given when the lung uptake
is >15%, which indicates significant porto-systemic
shunting.67 Extrahepatic shunting is the main limitation to
this form of therapy.65

This form of therapy appears to be safe. Andrews et al68

conducted a phase I 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 haematologic, hepatic and pulmonary
toxicity during a mean follow-up period of up to 53 months.
Reversible gastritis and duodenitis were encountered in 4

patients. Other reported side effects associated with this
form of treatment included fever, elevation of liver enzymes
and bilirubin and gastrointestinal toxicities such as ulcers,
ileus and nausea.67,69 Most of the side effects did not require
treatment and either resolved spontaneously or with
treatment. There was a reported case of death resulting
from radiation pneumonitis.69 However, this patient had
39% pulmonary shunting and it is questionable whether he
or she should have been eligible for treatment.

There have been several studies reporting the use of Y-
90 microspheres for the treatment of HCC.65-74 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.66,67,69,73,74 Using 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.67 An objective response rate of
80%, in terms of reduction of serum α-fetoprotein levels,
has been reported.67 Other authors have reported an objective
response rate of 20% in terms of radiological regression of
tumour.69 Median survival of 9.4 months to 54 weeks has
been achieved with the use of Y-90 microspheres.67,69

Interestingly, Lau et al67 reported 4 patients whose tumours
were converted into resectable ones and these underwent
resection.

Use of Re-188 lipiodol

Re-188 has recently been used to treat HCCs. It has a
physical half-life of 16.9 hours and emits β rays with an
average energy of 795 KeV and γ rays of 155 KeV in 15%
abundance. Gamma camera imaging for biodistribution
studies is possible with this radionuclide. Re-188 is eluted
from a tungsten-188/Re-188 generator, which has a long
and useful shelf life of several 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
a water bath for 1 hour to produce a rhenium-HDD complex.
In our institution, HDD lyophilised kits were obtained from
Seoul National University Hospital in Korea. Lipiodol is
added and centrifuged to extract the rhenium-HDD into the
lipiodol. This method of preparation was previously
described by Jeong et al75 and Lee et al.76 An International
Atomic Energy Agency-sponsored multicentre pilot study
using intra-arterial Re-188 lipiodol for the treatment of
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inoperable HCC has recently been concluded.77 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 calculated to deliver no more than 12 Gy to the
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 has to be confirmed in a larger, multicentre
phase 2 study.

Radio-labelled Monoclonal Antibodies to Treat HCC

There are a few monoclonal antibodies against antigens
such as CEA, ferritin and α-fetoprotein, which have some
degree of specificity for HCC. Both anti-CEA and
antiferritin antibodies have been labelled with I-131 and Y-
90, and are administered parenterally for the treatment of
HCC.78-83 The results have been encouraging, although
experience with this method of treatment is limited to only
a few centres. Fan et al82 treated 37 patients with I-131
labelled anti-HCC ferritin antibody and 4 patients with I-
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. The decline in AFP was seen in 67.5% for the treated
group against 42.9% for controls; shrinkage of tumour was
achieved in 68.3% for the treated group against 33.9% for
controls. The 1-year and 3-year survival rates for the treated
group were 61% and 25%, respectively, against 37.3% and
6.9%, respectively, for controls. Tang et al83 treated 32
patients with unresectable HCC using I-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 this form of treatment may be limited by the fact that the
tumour cells are generally heterogeneous and not all the
cells express the same antigen. There is also a possibility of
developing human-antimouse antibodies with the use of
antibodies of murin origin, thus preventing subsequent
treatment.

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

Resection of HCC is potentially curative, but the
recurrence rate is 100% at 5 years.84 It is hypothesised that
the high recurrence rate is due to microscopic metastatic

disease or metachronous multicentric tumour present in the
remnant liver not detected before and at the time of surgery
by the usual imaging methods.

Various systemic and locoregional chemotherapy agents
have been tried to reduce the rate of recurrence. The overall
results show marginal or no significant improvement in
disease-free survival.85-88 The efficacy of these forms of
therapy is also limited by the toxicity of the chemotherapeutic
agents. The presence of underlying cirrhosis further limits
the ability of the liver remnant to tolerate these agents. In
adjuvant therapy, there appears to be a role for radionuclide
therapy in improving disease-free and overall survival
following curative resection of HCC. Lau et al89 randomised
21 patients to receive one 1850 MBq dose of intra-arterial
I-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. In a more recent study, Partensky
et al90 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 I-131 lipiodol following curative resection of HCC.
The overall survival rates were 86% at 3 years and 65% at
5 years. In our preliminary study, the 6-month disease-free
survival rate was 100% and the 12-month disease-free and
overall survival rates were 72% and 85%, respectively, for
15 patients who had received I-131 lipiodol adjuvant therapy
following curative resection of HCC.91 This form of adjuvant
therapy appears to be safe with no clinically adverse side
effects reported. Adjuvant radionuclide therapy may also
have a possible role in reducing the rate of 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 is a viable
alternative to TACE. The survival rates are similar 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
tumours after radionuclide therapy. Radionuclide treatment
in a curative intent may be possible for small HCCs in
instances where surgery or percutaneous treatment is not
possible due to tumour location or severe concurrent medical
illnesses. Adjuvant radionuclide therapy appears to have a
promising role in reducing the rate of tumour recurrence
after surgery for resectable HCCs and after percutaneous
treatment of small HCCs.



522

Annals Academy of Medicine

Radionuclide Therapy of HCC—G H W Keng & F X Sundram

REFERENCES

1. Bosch F X, Munoz N. Hepatocellular carcinoma in the world:
epidemiologic questions. In: Tabor E, DiBisceglie A M, Purcell R H,
editors. Etiology, Pathology, and Treatment of Hepatocellular Carcinoma
in North America. Advances in Applied Biotechnology Series. Vol. 13.
Houston, USA: Portfolio Publishing, 1991:5-54.

2. Chia K S, Seow A, Lee H P, Shanmugaratnam K. Cancer incidence in
Singapore 1993-1997. Singapore: Singapore Cancer Registry, 2000.
Report No 5.

3. Okuda K, Fujimoto I, Hanai A, Urano Y. Changing incidence of
hepatocellular carcinoma in Japan. Cancer Res 1987; 47:4967-72.

4. The Liver Cancer Study Group of Japan. Primary liver cancer in Japan.
Sixth report. Cancer 1987; 60:1400-11.

5. Livraghi T, Bolondi L, Lazzaroni S, Marin G, Morabito A, Rapaccini G
L, et al. Percutaneous ethanol injection in the treatment of hepatocellular
carcinoma in cirrhosis. A study on 207 patients. Cancer 1992; 69:
925-9.

6. Castells A, Bruix J, Bru C, Fuster J, Vilana R, Navasa M, et al. Treatment
of small hepatocellular carcinoma in cirrhotic patients: a cohort study
comparing surgical resection and percutaneous ethanol injection.
Hepatology 1993; 18:1121-6.

7. Isobe H, Sakai H, Imari Y, Ikeda M, Shiomichi S, Nawata H. Intratumor
ethanol injection therapy for solitary minute hepatocellular carcinoma.
A study of 37 patients. J Clin Gastroenterol 1994; 18:122-6.

8. Okuda K, Takayasu K, Okada S. Treatment selection. In: Okuda K,
Tabor E, editors. Liver Cancer. New York: Churchill-Livingstone,
1997:435-9.

9. Livraghi T, Goldberg S N, Lazzaroni S, Meloni F, Solbiati L, Gazelle G
S. Small hepatocellular carcinoma: treatment with radio-frequency
ablation versus ethanol injection. Radiology 1999; 210:655-61.

10. Curley S A, Izzo F, Ellis L M, Nicolas Vauthey J, Vallone P.
Radiofrequency ablation of hepatocellular cancer in 110 patients with
cirrhosis. Ann Surg 2000; 232:381-91.

11. Iannitti D A, Dupuy D E, Mayo-Smith W W, Murphy B. Hepatic
radiofrequency ablation. Arch Surg 2002; 137:422-7.

12. Shiina S, Tagawa K, Unuma T, Takanashi R, Yoshiura K, Komatsu Y,
et al. Percutaneous ethanol injection therapy for hepatocellular carcinoma.
A histopathologic study. Cancer 1991; 68:1524-30.

13. Livraghi T, Goldberg S N, Lazzaroni S, Meloni F, Ierace T, Solbiati L,
et al. Hepatocellular carcinoma: radio-frequency ablation of medium and
large lesions. Radiology 2000; 214:761-8.

14. Ebara M, Ohto M, Sugiura N, Kita K, Yoshikawa M, Okuda K, et al.
Percutaneous ethanol injection for the treatment of small hepatocellular
carcinoma. Study of 95 patients. J Gastroenterol Hepatol 1990; 5:
616-26.

15. Zhou X D, Yu Y Q, Tang Z Y. An 18-year study of cryosurgery in the
treatment of primary liver cancer. Asian J Surg 1992; 15:43-7.

16. Okada S, Okazaki N, Nose H, Yoshimori M, Aoki K. Prognostic factors
in patients with hepatocellular carcinoma receiving systemic
chemotherapy. Hepatology 1992; 16:112-7.

17. Falkson G, Coetzer B. Chemotherapy of primary liver cancer. In: Okuda
K, Ishak K J, editors. Neoplasms of Liver. Tokyo: Spinger-Verlag,
1987:331-26.

18. Hochster H S, Green M D, Speyer J, Fazzini E, Blum R, Muggia F M.
4’Epidoxorubicin (epirubicin): activity in hepatocellular carcinoma. J
Clin Oncol 1985; 3:1535-40.

19. Falkson G, Ryan L M, Johnson L A, Simson I W, Coetzer B J, Carbone
P P, et al. A random phase II study of mitoxantrone and cisplatin in
patients with hepatocellular carcinoma. An ECOG study. Cancer 1987;
60:2141-5.

20. Ravry M J, Omura G A, Bartolucci A A, Einhorn L, Kramer B, Davila
E. Phase II evaluation of cisplatin in advanced hepatocellular carcinoma
and cholangiocarcinoma: a Southeastern Cancer Study Group Trial.
Cancer Treat Rep 1986; 70:311-2.

21. Cavalli F, Rozencweig M, Renard J, Goldhirsch A, Hansen H H. Phase
II study of oral VP-16-213 in hepatocellular carcinoma. Eur J Cancer
Clin Oncol 1981; 17:1079-82.

22. CLIP Group (Cancer of the Liver Italian Programme). Tamoxifen in
treatment of hepatocellular carcinoma: a randomised controlled trial.
Lancet 1998; 325:17-20.

23. Martinez Cerezo F J, Tomas A, Donoso L, Enriquez J, Guarner C,
Balanzo J, et al. Controlled trial of tamoxifen in patients with advanced
hepatocellular carcinoma. J Hepatol 1994; 20:702-6.

24. Yoshida T, Okazaki N, Yoshino M, Okhura H, Shimada Y. Phase II trial
of high dose recombinant gamma-interferon in advanced hepatocellular
carcinoma. Eur J Cancer 1990; 26:545-6.

25. Colleoni M, Buzzoni R, Bajetta E, Bochicchio A M, Bartoli C, Audisio
R, et al. A phase II study of mitoxantrone combined with beta-interferon
in unresectable hepatocellular carcinoma. Cancer 1993; 72:3196-201.

26. Kardinal C G, Moertel C G, Wieand H S, Schutt A J, O’Connell M J,
Wright K, et al. Combined doxorubicin and alpha-interferon therapy of
advanced hepatocellular carcinoma. Cancer 1993; 71:2187-90.

27. Feun L G, Savaraj N, Hung S, Reddy R, Jeffers L, Benedetto P, et al. A
phase II trial of recombinant leukocyte interferon plus doxorubicin in
patients with hepatocellular carcinoma. Am J Clin Oncol 1994; 17:
393-5.

28. Onishi S, Saibara T, Fujikawa M, Sakaeda H, Matsuura Y, Matsunaga
Y, et al. Adoptive immunotherapy with lymphokine-activated killer cells
plus recombinant interleukin 2 in patients with unresectable hepatocellular
carcinoma. Hepatology 1989; 10:349-53.

29. Gandolfi L, Solmi L, Pizza G C, Bertoni F, Muratori R, De Vinci C, et
al. Intratumoral echo-guided injection of interleukin-2 and lymphokine-
activated killer cells in hepatocellular carcinoma. Hepatogastroenterology
1989; 36:352-6.

30. Ohto M, Ebara M, Yoshikawa M, Okuda K. Radiation therapy and
percutaneous ethanol injection for the treatment of hepatocellular
carcinoma. In: Okuda K, Ishak K G, editors. Neoplasms of the Liver.
Tokyo: Springer-Verlag, 1987:335-41.

31. Ingold J A, Reed G B, Kaplan H S, Bagshaw M A. Radiation hepatitis.
Am J Roentgenol 1965; 93:200-8.

32. Kobayashi H, Hidaka H, Kajiya Y, Tanoue P, Inoue H, Ikeda K, et al.
Treatment of hepatocellular carcinoma by transarterial injection of
anticancer agents in iodized oil suspension or of radioactive iodized oil
solution. Acta Radiol Diagn (Stockh) 1986; 27:139-47.

33. Kasugai H, Kojima J, Tatsuta M, Okuda S, Sasaki Y, Imaoka S, et al.
Treatment of hepatocellular carcinoma by transcatheter arterial
embolization combined with intraarterial infusion of a mixture of
cisplatin and ethiodized oil. Gastroenterology 1989; 97:965-71.

34. Kanematsu T, Furuta T, Takenaka K, Matsumata T, Yoshida Y, Nishizaki
T, et al. A 5-year experience of lipiodolization: selective regional
chemotherapy for 200 patients with hepatocellular carcinoma. Hepatology
1989; 10:98-102.

35. Shibata J, Fujiyama S, Sato T, Kishimoto S, Fukushima S, Nakano M.
Hepatic arterial injection chemotherapy with cisplatin suspended in an
oily lymphographic agent for hepatocellular carcinoma. Cancer 1989;
64:1586-94.

36. Pelletier G, Roche A, Ink O, Anciaux M L, Derhy S, Rougier P, et al. A
randomised trial of hepatic arterial chemoembolization in patients with
unresectable hepatocellular carcinoma. J Hepatol 1990; 11:181-4.

37. Venook A P, Stagg R J, Lewis B J, Chase J L, Ring E J, Maroney T P, et
al. Chemoembolization for hepatocellular carcinoma. J Clin Oncol 1990;
8:1108-14.

38. Beppu T, Ohara C, Yamaguchi Y, Ichihara T, Yamanaka T, Katafuchi
S, et al. A new approach to chemoembolization for unresectable
hepatocellular carcinoma using aclarubicin microspheres in combination
with cisplatin suspended in iodized oil. Cancer 1991; 68:2555-60.

39. Ngan H, Lai C L, Fan S T, Lai E C, Yuen W K, Tso W K. Treatment of
inoperable hepatocellular carcinoma by transcatheter arterial



July 2003, Vol. 32 No. 4

523Radionuclide Therapy of HCC—G H W Keng & F X Sundram

chemoembolization using an emulsion of cisplatin in iodized oil and
gelfoam. Clin Radiol 1993; 47:315-20.

40. Chang J M, Tzeng W S, Pan H B, Yang C F, Lai K H. Transcatheter
arterial embolization with or without cisplatin treatment of hepatocellular
carcinoma. A randomised controlled study. Cancer 1994; 74:2449-53.

41. Groupe d’Etude at de Traitement du Carcinome Hepatocellulaire. A
comparison of lipiodol chemoembolization and conservative treatment
for unresectable hepatocellular carcinoma. N Engl J Med 1995; 332:
1256-61.

42. Nakamura H, Hashimoto T, Oi H, Sawada S. Transcatheter oily
chemoembolization of hepatocellular carcinoma. Radiology 1989;
170:783-6.

43. Yamada R, Kishi K, Takenaka Y, et al. Transcatheter arterial
chemoembolization for unresectable hepatocellular carcinoma. In: Tobe
T, Kameda H, Okudaira, et al, editors. Primary Liver Cancer in Japan.
Tokyo: Springer Verlag, 1992:259-71.

44. Hsieh M Y, Chang W Y, Wang L Y, Chen S C, Chuang W L, Lu S N,
et al. Treatment of hepatocellular carcinoma by transcatheter arterial
chemoembolization and analysis of prognostic factors. Cancer Chemother
Pharmacol 1992; 31:S82-5.

45. Yang C F, Ho Y J. Transcatheter arterial chemoembolization for
hepatocellular carcinoma. Cancer Chemother Pharmacol 1992; 31:
S86-8.

46. Yamamoto K, Masuzawa M, Kato M, Okuyama T, Tamura K. Analysis
of  prognostic factors in patients with hepatocellular carcinoma treated
by transcatheter arterial embolization. Cancer Chemother Pharmacol
1992; 31:S77-81.

47. Stuart K, Stokes K, Jenkins R, Trey C, Clouse M. Treatment of
hepatocellular carcinoma using doxorubicin/ethiodized oil/gelatin
powder chemoembolization. Cancer 1993; 72:3202-9.

48. Bronowicki J P, Vetter D, Dumas F, Boudjema K, Bader R, Weiss A M,
et al. Transcatheter oily chemoembolization for hepatocellular carcinoma.
A 4-year study of 127 French patients. Cancer 1994; 74:16-24.

49. Mondazzi L, Bottelli R, Brambilla G, Rampoldi A, Rezakovic I, Zavaglia
C, et al. Transarterial oily chemoembolization for the treatment of
hepatocellular carcinoma: a multivariate analysis of prognostic factors.
Hepatology 1994; 19:1115-23.

50. Tian J H, Xu B X, Zhang J M, Dong B W, Liang P, Wang X D.
Ultrasound-guided internal radiotherapy using yttrium-90-glass
microspheres for liver malignancies. J Nucl Med 1996; 37:958-63.

51. Kobayashi H, Hidaka H, Kajiya Y, Tanoue P, Inoue H, Ikeda K, et al.
Treatment of hepatocellular carcinoma by transarterial injection of
anticancer agents in iodized oil suspension or of radioactive iodized oil
solution. Acta Radiol Diagn (Stockh) 1986; 27:139-47.

52. Park C H, Suh J H, Yoo H S, Lee J T, Kim D I, Kim B S. Treatment of
hepatocellular carcinoma (HCC) with radiolabeled Lipiodol: a preliminary
report. Nucl Med Commun 1987; 8:1075-87.

53. Bretagne J F, Raoul J L, Bourguet P, Duvauferrier R, Deugnier Y, Faroux
R, et al. Hepatic artery injection of I-131-labeled lipiodol. Part II.
Preliminary results of therapeutic use in patients with hepatocellular
carcinoma and liver metastases. Radiology 1988; 168:547-50.

54. Yoo H S, Park C H, Suh J H, Lee J T, Kim D I, Kim B S, et al.
Radioiodinated fatty acid esters in the management of hepatocellular
carcinoma: preliminary findings. Cancer Chemother Pharmacol 1989;
23:S54-8.

55. Lui W Y, Liu R S, Chiang J H, Lo J G, Lai K H, King K L, et al. Report
of a pilot study of intra-arterial injection of I-131 lipiodol for the
treatment of hepatoma. Zhonghua Yi Xue Za Zhi (Taipei) 1990; 46:
125-33.

56. Novell R, Hilson A, Hobbs K. Ablation of recurrent primary liver cancer
using I-131-lipiodol. Postgrad Med J 1991; 67:393-5.

57. Yoo H S, Lee J T, Kim K W, Kim B S, Choi H J, Lee K S, et al. Nodular
hepatocellular carcinoma. Treatment with subsegmental intraarterial
injection of iodine 131-labeled iodized oil. Cancer 1991; 68:1878-84.

58. Yumoto Y, Jinno K, Inatsuki S, Moriwaki S, Hanafusa T, Yumoto E, et
al. Treatment of hepatocellular carcinoma by transcatheter hepatic
arterial injection of radioactive iodized oil solution. Cancer Chemother
Pharmacol 1992; 31:S128-36.

59. Raoul J L, Bretagne J F, Caucanas J P, Pariente E A, Boyer J, Paris J C,
et al. Internal radiation therapy for hepatocellular carcinoma. Results of
a French multicenter phase II trial of transarterial injection of iodine 131-
labeled lipiodol. Cancer 1992; 69:346-52.

60. Leung W T, Lau W Y, Ho S, Chan M, Leung N, Lin J, et al. Selective
internal radiation therapy with intra-arterial iodine-131-lipiodol in
inoperable hepatocellular carcinoma. J Nucl Med 1994; 35:1313-8.

61. Raoul J L, Guyader D, Bretagne J F, Duvauferrier R, Bourguet P,
Bekhechi D, et al. Randomised controlled trial for hepatocellular
carcinoma with portal vein thrombosis: intra-arterial iodine-131-iodized
oil versus medical support. J Nucl Med 1994; 35:1782-7.

62. Bhattacharya S, Novell J R, Dusheiko G M, Hilson A J, Dick R, Hobbs
K E. Epirubicin-lipiodol chemotherapy versus 131-iodine-lipiodol
radiotherapy in the treatment of unresectable hepatocellular carcinoma.
Cancer 1995; 76:2202-10.

63. Raoul J L, Guyader D, Bretagne J F, Heautot J F, Duvauferrier R,
Bourguet P, et al. Prospective randomised trial of chemoembolization
versus intra-arterial injection of 131I-labeled-iodized oil in the treatment
of hepatocellular carcinoma. Hepatology 1997; 26:1156-61.

64. Gyves J W, Ziessman H A, Ensminger W D, Thrall J H, Niederhuber J E,
Keyes J W Jr, et al. Definition of hepatic tumor microcirculation by single
photon emission computerized tomography (SPECT). J Nucl Med 1984;
25:972-7

65. Houle S, Yip T K, Shepherd F A, Rotstein L E, Sniderman K W, Theis
E, et al. Hepatocellular carcinoma: pilot trial of treatment with Y-90
microspheres. Radiology 1989; 172:857-60.

66. Shepherd F A, Rotstein L E, Houle S, Yip T C, Paul K, Sniderman K W.
A phase I dose escalation trial of yttrium-90 microspheres in the
treatment of primary hepatocellular carcinoma. Cancer 1992; 70:
2250-4.

67. Lau W Y, Ho S, Leung T W, Chan M, Ho R, Johnson P J, et al. Selective
internal radiation therapy for nonresectable hepatocellular carcinoma
with intraarterial infusion of 90yttrium microspheres. Int J Radiat Oncol
Biol Phys 1998; 40:583-92.

68. Andrews J C, Walker S C, Ackermann R J, Cotton L A, Ensminger W D,
Shapiro B. Hepatic radioembolization with yttrium-90 containing glass
microspheres: preliminary results and clinical follow-up. J Nucl Med
1994; 35:1637-44.

69. Dancey J E, Shepherd F A, Paul K, Sniderman K W, Houle S, Gabrys J,
et al. Treatment of nonresectable hepatocellular carcinoma with
intrahepatic Y-90-microspheres. J Nucl Med 2000; 41:1673-81.

70. Mantravadi R V, Spigos D G, Tan W S, Felix E L. Intraarterial yttrium
90 in the treatment of hepatic malignancy. Radiology 1982; 142:783-6.

71. Herba M J, Illescas F F, Thirlwell M P, Boos G J, Rosenthall L, Atri M,
et al. Hepatic malignancies: improved treatment with intraarterial Y-90.
Radiology 1988; 169:311-4.

72. Blanchard R J, Morrow I M, Sutherland J B. Treatment of liver tumors
with yttrium-90 microspheres alone. Can Assoc Radiol J 1989; 40:
206-10.

73. Yan Z P, Lin G, Zhao H Y, Dong Y H. An experimental study and clinical
pilot trials on yttrium-90 glass microspheres through the hepatic artery
for treatment of primary liver cancer. Cancer 1993; 72:3210-5.

74. Lau W Y, Leung W T, Ho S, Leung N W, Chan M, Lin J, et al. Treatment
of inoperable hepatocellular carcinoma with intrahepatic arterial yttrium-
90 microspheres: a phase I and II study. Br J Cancer 1994; 70:994-9.

75. Jeong J M, Kim Y J, Lee Y S, Ko J I, Son M, Lee D S, et al. Lipiodol
solution of a lipophilic agent, (188)Re-TDD for the treatment of liver
cancer. Nucl Med Biol 2001; 28:197-204.

76. Lee Y S, Jeong J M, Kim Y J, Chung J W, Park J H, Suh Y G, et al.
Synthesis of 188 Re-labelled long chain alkyl diaminedithiol for therapy



524

Annals Academy of Medicine

Radionuclide Therapy of HCC—G H W Keng & F X Sundram

of liver cancer. Nucl Med Commun 2002; 23:237-42.

77. Sundram F X, Jeong J M, Zanzonico P, Bernal P, Chau T, Onkhuudai P,
et al. Trans-arterial rhenium-188 lipiodol in the treatment of inoperable
hepatocellular carcinoma. An IAEA sponsored multi-centre phase 1
study. World J Nucl Med 2002; 1:5-11.

78. Order S E, Klein J L, Ettinger D, Alderson P, Siegelman S, Leichner P.
Phase I-II study of radiolabeled antibody integrated in the treatment of
primary hepatic malignancies. Int J Radiat Oncol Biol Phys 1980; 6:
703-10.

79. Order S E, Stillwagon G B, Klein J L, Leichner P K, Siegelman S S,
Fishman E K, et al. Iodine-131 antiferritin, a new treatment modality in
hepatoma: a Radiation Therapy Oncology Group Study. J Clin Oncol
1985; 3:1573-82.

80. Order S E, Klein J L, Leichner P K, Frincke J, Lollo C, Carlo D J.
90Yttrium antiferritin – a new therapeutic radiolabeled antibody. Int J
Radiat Oncol Biol Phys 1986; 12:277-81.

81. Leichner P K, Yang N C, Frenkel T L, Loudenslager D M, Hawkins W
G, Klein J L, et al. Dosimetry and treatment planning for 90Y-labeled
antiferritin in hepatoma. Int J Radiat Oncol Biol Phys 1988; 14:1033-42.

82. Fan Z, Tang Z, Liu K, Zhou D, Lu J, Yuan A, et al. Radioiodinated anti-
hepatocellular carcinoma (HCC) ferritin. Targeting therapy, tumor
imaging and anti-antibody response in HCC patients with hepatic
arterial infusion. J Cancer Res Clin Oncol 1992; 118:371-6.

83. Tang Z-Y, Zeng Z-C, Liu K-D, Yu Y-Q, Lu J-Z, Xie H. Intrahepatic
arterial I-131 anti-hepatocellular carcinoma (HCC) monoclonal antibody
combined with hepatic artery ligation for treatment of  unresectable
HCC. Antibody Immunoconj Radiopharmacol 1993; 6:167-75.

84. Belghiti J, Panis Y, Farges O, Benhamou J P, Fekete F. Intrahepatic
recurrence after resection of hepatocellular carcinoma complicating
cirrhosis. Ann Surg 1991; 214:114-7.

85. Lai E C, Lo C M, Fan S T, Liu C L, Wong J. Postoperative adjuvant
chemotherapy after curative resection of hepatocellular carcinoma: a
randomised controlled trial. Arch Surg 1998; 133:183-8.

86. Takenaka K, Yoshida K, Nishizaki T, Korenaga D, Hiroshige K, Ikeda
T, et al. Postoperative prophylactic lipiodolization reduces the intrahepatic
recurrence of hepatocellular carcinoma. Am J Surg 1995; 169:400-50.

87. Izumi R, Shimizu K, Iyobe T, Ii T, Yagi M, Matsui O, et al. Postoperative
adjuvant hepatic arterial infusion of Lipiodol containing anticancer
drugs in patients with hepatocellular carcinoma. Hepatology 1994;
20:295-301.

88. Yamamoto M, Arii S, Sugahara K, Tobe T. Adjuvant oral chemotherapy
to prevent recurrence after curative resection for hepatocellular carcinoma.
Br J Surg 1996; 83:336-40.

89. Lau W Y, Leung T W, Ho S K, Chan M, Machin D, Lau J, et al. Adjuvant
intra-arterial iodine-131-labelled lipiodol for resectable hepatocellular
carcinoma: a prospective randomised trial. Lancet 1999; 353:797-801.

90. Partensky C, Sassolas G, Henry L, Paliard P, Maddern G J. Intra-arterial
iodine 131-labeled lipiodol as adjuvant therapy after curative resection
for hepatocellular carcinoma: a phase 2 clinical study. Arch Surg 2000;
135:1298-300.

91. Keng G H, Sundram F X, Yu S W, Somanesan S, Premaraj J, Oon C J,
et al. Preliminary experience in radionuclide therapy of hepatocellular
carcinoma using hepatic intra-arterial radio-conjugates. Ann Acad Med
Singapore 2002; 31:382-6.


