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A multicenter study was sponsored by the International Atomic Energy Agency (IAEA) to
assess the safety and efficacy of transarterial rhenium-188 (188Re) HDD lipiodol (radiocon-
jugate to lipiodol using an HDD kit) in the treatment of unresectable hepatocellular
carcinoma. During 5 years, 185 patients received at least 1 treatment of radioconjugate,
and 51 were retreated. The level of radioconjugate administered was based on radiation-
absorbed dose to critical normal organs, calculated after a “scout” dose of radioconjugate.
The total injected activity, including the scout dose during the first treatment, ranged from
21 to 364 mCi (mean, 108 mCi/4 GBq). Immediate and late side-effects were minimal.
Tumor size could be evaluated in 88 patients. Among these patients, the objective response
rate was 25%; stable disease was observed in 53% and tumor progression in 22%. With a
median follow-up of 455 days, the estimated 12- and 24-month overall survival was 46%
and 23%. This multicenter study shows that 188Re lipiodol is a safe and cost-effective
method to treat primary hepatocellular carcinoma via the transarterial route and requires
further evaluation by treatment of greater numbers of patients.
Semin Nucl Med 38:S40-S45 © 2008 Elsevier Inc. All rights reserved.
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epatocellular carcinoma (HCC) is a frequent occur-
rence, but most HCC tumors are unresectable when

iagnosed and, for example, in Western countries, less than
5% of the patients could benefit from curative treatments.1
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ntil now, only chemoembolization has been validated as a
alliative treatment.2 In chemoembolization, a chemothera-
eutic drug is coupled to lipiodol, acting as a carrier vehicle.
ipiodol has also been coupled with radionuclide 131I, and
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188Re-labeled lipiodol for inoperable HCC S41
tudies with 131I-lipiodol have shown encouraging results in
he treatment of HCC.3 However, 131I-lipiodol is expensive,
as high gamma energy, a short beta (ie, cytotoxic) range,
nd requires radiation protection for several days after its
dministration to humans. In recent years Rhenium-188
188Re) has emerged as an extremely versatile therapeutic ra-
ionuclide. 188Re can be produced cheaply from a Tungsten-
88 generator, its gamma energy is low, reducing the need for
ospitalization; and its beta emission is more energetic
ith a consequently greater cytotoxic range. A stable as-

ociation of 188Re to lipiodol has been demonstrated using
n HDD kit.4 Preliminary feasibility studies performed in
elgium5 and in Asia6 have confirmed the good tolerance
nd produced some promising efficacy results. Using the
ame methodology, a trial was conducted under the aus-
ices of one of the International Atomic Energy Agency’s
IAEA) Thematic Coordinated Research Projects, entitled
Management of Liver Cancer Using Radionuclide Meth-
ds With Special Emphasis on Trans-Arterial Radio-Con-
ugate Therapy and Internal Dosimetry.” The trial was
nique in that a single protocol using a common labeling
rocedure and dosimetric methodology was conducted in
countries across 2 continents. The final results of this

rial have been previously published.7 Here, we summa-
ize the results of this multination trial, with emphasis on
rognostic value of the dosimetric data.

atients and Methods
atients
atients were eligible for this trial if they met the following
riteria: were older than 18 years of age; had received a diag-
osis of HCC, with no previous specific treatment; had at

east one measurable (one-dimensional) tumor; were in good
eneral condition (Karnofsky performance status, KPS, of
ore than 70); and had acceptable biological tests. Major

xclusion criteria were pregnancy or lactation; poor liver
unction (Child score C), extrahepatic metastasis, severe
hronic pulmonary disease, or other serious illness; allergy to
ntravenous contrast media; and an overall survival expect-
ncy of less than 1 month. All participant patients gave writ-
en informed consent, and the protocol was approved by
ach participating center’s Institutional Medical Ethics Com-
ittee.

ethods
reinclusion workup required included: clinical examina-
ion, serum AFP level, abdominal computed tomography
CT) scan with contrast enhancement, chest radiograph; bi-
logical tests (complete blood count; serum creatinine, pro-
hrombin time, AST, ALT, GGT, serum alkaline phosphatase,
lbumin; serology for hepatitis B or C infection). Child’s
core and CLIP (Cancer of Liver Italian Program) score8 (a
ombination of 4 parameters: liver function as determined by
hild’s classification, macroscopic aspect of the tumor, AFP

evel, and portal vein thrombosis) were determined in all

atients. p
The Tungsten-188/188Re generators were provided by Oak
idge National Laboratory (Oak Ridge, TN), to all the partic-

pating centers. The 188Re perrhenate solution was concen-
rated as previously described9 and also mentioned else-
here in this supplement, to obtain high specific activity

n a small volume. 188Re lipiodol was prepared according
o the procedures described previously with the help of
DD kits obtained from Seoul National University Hospi-

al (Seoul, Korea).4 After measurement of liver and tumor
ass, the patient received a scout dose of 188Re-labeled

ipiodol. The therapeutic amount of radioactivity was then
alculated to deliver no more than 1.5 Gy to marrow or 30
y to liver or 12 Gy to lung. After therapy, the patient was

ransferred to a radiation isolation area until his or her
eneral condition and radiation safety regulations permit-
ed discharge (usually 1 day after treatment).

During the hospitalization, all side effects were carefully
hecked and evaluated. Biological tests were repeated on day
, 7, and at 2 months, and CT scans were repeated at 2 and 6
onths. Patients could receive further therapies after the

hird month. The first patient was enrolled in the study at the
nd of the year 2000; patient vital status was followed until
he end of 2005.

Efficacy was assessed regarding tumor size (using RECIST)
nd AFP level. Criteria for tumor response (RECIST) com-
rise 4 categories: complete response, partial response, stable
isease, and progressive disease. Regarding AFP, if initial level
as more than 5 times the local upper normal limit, patients
ere classified into 4 categories of biochemical response: (1)
ormalization: complete biochemical response; (2) Partial bio-

hemical response: decrease by more than 50%; (3) Stable dis-
ase: change between �50% and �50%; and (4) Biochemical
rogression: more than 50% increase. Efficacy regarding tumor
ize was assessed in the patients that received at least one treat-
ent and had the CT scan after 2 months, whereas AFP analysis
as based on the patient’s best result.
Toxicity was assessed using the CTC-NCI scale v2.0 (grade
to 4) based on the patient’s worse result. All side effects

ccurring within the first 2 months were considered as pos-
ibly related to the treatment; after 2 months, side effects
ere presumed to be related to tumor progression or to liver
isease and were not recorded.

tatistical Analysis
his trial was planned in 1999 to asses the toxicity and
fficacy of the treatment. It was decided that the overall
ample size was to be based on a simple binary variable
response/no response). It was estimated that the propor-
ion of response would be around 40% and that we wanted
o estimate this proportion with a 10% precision. This
ave us a required sample size of 234 (based on binomial
istribution); the first patient was included in the end of
000. We decided to stop prematurely the trial in mid-
005 after inclusion of 185 patients because of the slow
ccrual rate.

Frequency tables were produced for all the available

atient characteristics and outcome variables, and de-
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S42 P. Bernal et al
criptive statistics were calculated. For dichotomous out-
omes, exact binomial confidence intervals were calcu-
ated. Population survival curves were estimated using the
aplan-Meier procedure, and the differences in survival

egarding prognostic factors were tested using the Cox
egression model. Association between categorical vari-
bles was tested using Fisher’s exact test, and association
f a binary outcome with two or more prognostic factors
as tested using logistic regression; association between

ategorical and numerical variables was tested using the
xact version of the Mann-Whitney test or the Kruskal-

allis test. Statistical analyses were performed with SPSS
3.0 (SPSS Inc, Chicago, IL) and Cytel Studio 6.3.0 (Cytel
orp, San Diego, CA) software.

esults
ne hundred eighty-five patients from 8 countries have been

ncluded. Patient age ranged from 22 to 84 years (median 55
ears, mean 55.4 years, SD 11.8 years). There were 146
79%) men and 39 (21%) women. Of the patients with avail-
ble information, 53% had cirrhosis most being Child A;
6% had portal vein thrombosis. Underlying liver disease
as evaluated in 177 patients: hepatitis B virus was present in
7, hepatitis C virus in 22, a combination of both in 7 pa-
ients, alcoholism in 4, and other pathology in 3; no disease
as recorded in 64 patients (36%). No patient received spe-

ific anticancer treatment before inclusion. One hundred
fty-five patients (84%) had 1 tumor; 15 (8%) had 2, 6 (3%)
ad 3, and 9 patients (5%) had 4 tumors. The largest tumor
iameter ranged from 1 to 23 cm (median, 9.2 cm, SD, 4.4
m). AFP level was �400 �g/L in 34% of patients, and it
xceeded the local upper normal limit by a factor larger
han 5 in 61% of the patients. CLIP score (calculated in 95
atients) was 0 in 7% of the patients, 1 in 17%, 2 in 44%,
in 28%, and 4 in 4% of those patients. There were large
ifferences between the countries regarding cirrhosis (P �
.001), Child score (P � 0.001), and CLIP score (P �
.001). A single treatment was given to 134 patients
72%), 42 patients (23%) received 2 treatments, 8 (4%)
eceived 3 treatments, and 1 patient received 4 treatments.
fter the scout dose, it was estimated that the dose limiting
rgan was the lung in 32% of patients, and the liver in
8%. The total injected activity (including the scout dose)
uring the first treatment ranged from 21.2 to 363.4 mCi
0.79 to 13.4 GBq).

Immediately after the injection, 25 patients experienced
iver pain, 10 vomiting, and 34 had mild or moderate fever
ithin the first days. Within the first 2 months, 28 patients

15%) died; the death was directly caused by the tumor in 10
ases and related to other factors in 18 patients. Grade 3 or 4
oxicity was found in 22 patients. Liver toxicity was the most
requent. However, according to the CTC-NCI scale, 33 pa-
ients had pretreatment values corresponding to bilirubin
rade 3 or 4 toxicity (�3 times the upper level of normal)
efore treatment and these patients were not considered as
eveloping toxicity. Hematological toxicity was observed in

nly 6 patients (no grade 4 white blood cell count or platelet a
oxicity). A few other adverse effects were also noted: one
ase of gastric ulcer, one case of severe diarrhea, one case of
neumopathy and one case of severe hypotension. Two fur-
her cases of pneumopathy were recorded among the 42 pa-
ients who received a second injection.

Tumor response as evaluated from CT scans was available
or 88 patients (48%). Complete response was recorded in 3
atients (3%) and partial response in 19 patients (22%).
ence, the estimated objective response rate was 25% (95%

onfidence interval [95% CI] 16% to 35%), which corre-
ponds to 12% on the intention-to-treat basis; stable disease
as reported in 47 patients (53%), and tumor progression in
9 patients (22%). Among the 86 patients with AFP level
xceeding the local upper normal limit by a factor larger than
and available follow-up, complete biochemical response
as recorded in 7 patients (8%), partial biochemical re-

ponse in 18 patients (21%), stable disease in 55 patients
64%), and progression in 6 patients (7%). CLIP score, Child
lass, tumor presentation (3 categories: uninodular tumor
ess than 50% of liver size, uninodular �50%, or multinod-
lar) and KPS (90 or more versus. less) were not statistically
ignificantly associated with (lack of) tumor progression (P �
.368, 1.000, 0.521, and 0.295, respectively).
With a median follow-up of 455 days (95% CI 407 to 502

ays), estimated median survival was 256 days (95% CI 133-
79 days). Estimated 3, 6, 12 and 24 month overall survival
as 93%, 60%, 46% and 23%, respectively (Fig. 1). Cirrhosis
as a significant negative prognostic factor (Cox regression,

djusting for country and tumor size: P � 0.021); observed
edian survival for cirrhotic patients was 218 days versus

46 for noncirrhotic patients. Among cirrhotic patients,
hild class (A or B) had statistically significant effect on sur-

Overall Survival

0.0

0.2

0.4

0.6

0.8

1.0

0 200 400 600 800 1000 1200

Time (days)

igure 1 Overall survival (Kaplan-Meier method) of the 185 in-
luded patients; the 6-month, 1- and 2-year overall survival were
0%, 46%, and 23%, respectively. (Color version of figure is avail-

ble online.)
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188Re-labeled lipiodol for inoperable HCC S43
ival (Cox regression, adjusting for country and tumor size:
� 0.004), whereby class A patients had better survival

median 625 days) than class B (median 161 days). Survival
as also related to CLIP score (Cox regression, adjusting for

ountry: P � 0.015), with survival decreasing with increas-
ng score. Lack of tumor progression was also a significant
redictor of survival (Cox regression adjusting for country:
� 0.001); patients with objective response or stable disease
ad much better survival than those with progressive disease
median survival 532 days versus 198 days, estimated hazard
atio 0.24, 95% CI 0.12 to 0.47). Finally, among the patients
ith initial increased levels of AFP, partial and complete re-

ponders survived longer than the remaining patients (Cox
egression adjusting for country: P � 0.001; median survival
18 days versus. 205 days; estimated hazard ratio 0.37, 95%
I 0.18-0.77).

osimetry Parameters
osimetry parameters were fully recorded in only 109 pa-

ients (81 males and 28 females), ages 22 to 84 years (mean
6 years, SD 11.8). Most patients were in good general status:
4 had KPS of 90 or greater and 55 had KPS of 70 or 80.
mong these patients 40 had no cirrhosis, 26 were Child A,
nd 23 Child B (20 missing data). Eighty-nine patients had 1
umor, 11 had 2 tumors, 2 had 3 tumors, and 7 had 4 nod-
les. The largest tumor size ranged from 1 to 19 cm (mean
.85 cm, SD 4.1), and 13 patients had portal vein thrombo-
is. CLIP score was 0 in 6 patients, 1 in 13, 2 in 25, 3 in 23,
nd 4 in 3 (39 missing data), AFP value was more than 5
imes the local upper value in 63 patients and less than this
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igure 2 Boxplot expression of tumor dose in patients who experi-
nced complete response (n � 2), partial response (n � 12), stable
isease (n � 41), or progression (n � 11). The bottom and top
inges of the box represent the first and third quartile. The distance
etween the upper and lower hinges is called the inter quartile range
IQR). The median is indicated by a thick black line inside the box.
here was no significant difference between these groups. (Color
ersion of figure is available online.)
alue in 44 (2 missing data). v
The mean injected activity in the scout dose was 5.3 mCi
0.2 GBq, SD 2.4 mCi) and in the therapeutic dose it was 102
Ci (3.8 GBq, SD: 57.9; extremes: 18 to 363 mCi); then the
ean total injected activity was 107.5 mCi (4 GBq) (SD:

7.7). The estimated tumor dose was 63.4 Gy (SD: 59.9)
anging from 1 to 305 Gy. Initial side effects (pain and fever)
ere not related to the injected activity nor to the tumor dose.
e did not find any significant relationship between liver

oxicity (regarding AST, ALT, or bilirubin) and injected ac-
ivity or tumor dose.

In this population, we had 2 complete responses, 12 par-
ial, 41 with stable disease, and 11 with progressive disease
43 missing data). There was no significant relationship be-
ween tumor dose and tumor response (Fig. 2): the mean
SD) tumor dose in complete response was 62 Gy (13 Gy), it
as 84 Gy (86 Gy) for partial response, 69 Gy (63 Gy) for

table disease, and 54 Gy (71 Gy) for progressive disease. How-
ver, when we compared patients with progressing tumor and
atients who do not progress (complete response, partial re-
ponse, and stable disease) we found a significant (one-tailed
ann–Whitney test; P � 0.049) difference; the median dose

eceived by progressive tumors (18 Gy) was lower than the dose
eceived by nonprogressive tumors (56.8 Gy).

There existed a significant difference (P � 0.006) in overall
urvival (studied by the Kaplan-Meier method and compared
y the log-rank test) between patients who received less than
0 Gy versus those who received more than 30 Gy (Fig. 3).
edian survival was 471 days among those who received
ore than 30 Gy versus. 146 days for the others. This asso-

iation between tumor dose and survival, controlled for the
umor size and country, analyzed using the Cox proportional
azards model was also significant (P � 0.015).

120010008006004002000

0.0

1.0

0.8

0.6

0.4
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Survival 

Tumor dose < 30 Gy

Tumor dose > 30 Gy

Survival time (days)

igure 3 Overall survival (Kaplan-Meier method; comparison using
he log-rank test) was significantly better (P � 0.006) among pa-
ients whose tumor dose was greater than 30 Gy (n � 33). (Color

ersion of figure is available online.)
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iscussion
his large scale, phase II study demonstrated that intra-arte-
ial injection of 188Re-lipiodol is feasible, well tolerated and
hat objective response rates and overall survival rates are
romising. Moreover, intraarterial injection of 188Re lipiodol

s easier to deliver than chemo-embolization, is cheaper than
31I-lipiodol, and the generator can be used for other kinds of
reatments. This treatment could then be widely used in de-
eloping countries where HCC is most prevalent. This study
s, to the best of our knowledge, the first dedicated to HCC
uilt and conducted in developing countries.
Despite several problems of logistics, cost, distance, and

vailability of generators on time, the results of the multi-
enter study have been highly encouraging and on expected
ines. The quality of the study could have been still better, but
or the large heterogeneity between the countries and to dif-
culties encountered for follow-up. A few important conclu-
ions could be drawn from this study. First, we had some
mportant epidemiologic data regarding HCC in developing
ountries: the main underlying disease is viral hepatitis (B
nd C); about half of the patients had liver cirrhosis; most
atients had a single bulky tumor. Contrary to what is ob-
erved in Western countries, multi-nodular lesions are infre-
uent. Second, this treatment was well tolerated; severe ad-
erse events (Grade 3 or 4) were recorded in less than 20% of
he cases and 60-day mortality was low (15%); these data
ompared favorably with the high frequency of side effects
bserved after chemoembolization.10 This trial was designed
o avoid the delivery of more than 30 Gy to liver but, in fact,
t is very difficult to know the toxic radiation exposure, and in
nimals some studies established that an exposure of more
han 60 Gy could be well tolerated.11 We were far from this
ose but the tolerance of cirrhotic liver is certainly different.
hird, efficacy results are promising despite the fact that the
esponse rate (12% on intent to treat basis and 25% of assess-
ble patients) was lower than initially planned regarding the
rench experience.12 This discrepancy could be related to
ifferences in tumor size; for example, in huge tumors an
nglish series observed a response rate of 10%.13 If the ob-

ective response rate was low, we have to note that disease
tabilization of at least 2 months had been observed in more
han 75% of the patients. Surprisingly, survival data (1- and
-year survival rates of 46% and 23%) were in line with those
bserved in most European series.
Tumor control and survival seemed clearly related to the

reatment because the tumor dose (obtained with the first
reatment) was significantly higher in patients who do not
rogress (median � 56.8 Gy) than the dose received by pro-
ressive tumors (median � 18 Gy). Such a relationship be-
ween tumor dose and response rate seemed logical. In a
revious study with 131I-lipiodol, an inverse relationship ex-

sted between tumor size and intratumoral retention of lipi-
dol and a direct relationship between intratumoral retention
nd response rate.14 We also demonstrated in this series a
ignificant association between tumor dose and survival in a
ox model controlled for the main prognostic factors (coun-
ry and tumor size). If the tumor dose received during the
rst injection was less than 30 Gy the median survival was
ess than 5 months, to compare with a median survival of

ore than 15 months if more than 30 Gy was delivered and
his independently of the country or the tumor size.

In conclusion, intra-arterial injection of 188Re lipiodol is
easible without significant difficulties after a learning period
n developing countries. This treatment is easy to deliver and
s well tolerated. 188Re is a valuable alternative for 131I because
t yields a lower radiation exposure for a higher tumor-killing
ffect and as it did not need radioprotection, allowing dose
scalation.15 The injected dose is certainly far from the toxic
ose and it could be possible with this radionuclide that do
ot require hospitalization for radioprotection, to inject
igher activity if we can use reliable dosimetry allowing to
ase tumor dose prescription on dosimetric study.16 This will
e of interest as in this study we could demonstrate a rela-
ionship between the tumor dose and the tumor stability and
he survival. Then, these results deserve to go further in a
andomized phase III study perhaps using dosimetric study
o use higher activities.
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