
INVITED COMMENTARY

11C-Acetate: A New Tracer for the Evaluation
of Hepatocellular Carcinoma

Hepatocellular carcinomas (HCCs)
arise from the malignant transforma-
tion of hepatocytes and are a common
risk factor in the setting of chronic
liver disease such as viral hepatitis or
cirrhosis or in patients exposed to car-
cinogens. HCC has been a relatively
uncommon malignancy in the United
States but is being seen with increasing
frequency associated with the marked
increase in hepatitis C infection. HCC
represents the predominant type of pri-
mary liver cancer and is associated
with chronic liver disease and under-
lying cirrhosis in 70% of patients (1).
HCC most frequently metastasizes to
regional lymph nodes, lung, and bone.
Because the majority of patients
present with advanced-stage malig-
nancy and associated cirrhosis, treat-
ment options remain limited. Even in
patients who are able to undergo suc-
cessful curative resection, up to 50%
will develop intrahepatic recurrence
from second primaries or from intrahe-
patic spread.

The diagnostic issues of conven-
tional imaging include early detection
of these tumors, differentiation from
regenerative nodules and other benign
liver tumors, accurate tumor staging,
and assessment of the response to ther-
apy. Evaluation and screening for he-
patic lesions is commonly performed
with transabdominal ultrasonography,
CT, or MRI. Ultrasonography can de-
tect lesions as small as 1 cm in diam-
eter but is operator dependent, is inher-
ently 2-dimensional, and suffers from

poor specificity. CT and MRI have
been the conventional method for
screening the liver at many institutions
in the United States. Although tomo-
graphic imaging studies (CT and MRI)
have been the mainstay for diagnosis
and staging of HCC, attempts to im-
prove staging and follow-up of patients
with known HCC have led to the eval-
uation of molecular imaging in HCC.

LIMITATIONS OF 18F-FDG FOR
EVALUATION OF HCC

18F-FDG, which allows the evalua-
tion of glucose metabolism, is the most
commonly used tracer in oncology be-
cause of the practical half-life of 18F
(110 min) compared with that of the
other positron emitters. Most tumor
cells have increased glucose metabo-
lism because of increased levels of glu-
cose transporter proteins and increased
levels of intracellular enzymes that
promote glycolysis, such as hexoki-
nase and phosphofructokinase (2–4).
In most malignant cells, the relatively
low levels of glucose-6-phosphatase
lead to accumulation and trapping of
18F-FDG intracellularly, allowing the
visualization of increased 18F-FDG up-
take compared with that of normal
cells. PET imaging with 18F-FDG has
proven useful in differentiating malig-
nant tumors from benign lesions on the
basis of differences in their metabolic
activity, in detecting malignant recur-
rence, evaluating tumor stage, and
monitoring therapy for various malig-
nant neoplasms (5).

Differentiated hepatocytes normally
have a relatively high glucose-6-phos-
phatase activity, which allows dephos-
phorylation of intracellular FDG and
its egress from the liver. Although ex-
perimental studies (6,7) have demon-
strated that glycogenesis decreases and
glycolysis increases during carcino-

genesis in the liver, studies have
shown that the accumulation of 18F-
FDG in HCCs is variable, owing to
varying degrees of activity of the en-
zyme glucose-6-phosphatase (8–10).
Approximately one third of HCCs do
not accumulate 18F-FDG and will pro-
vide false-negative 18F-FDG PET im-
aging. Therefore, 18F-FDG PET is not
a screening tool to detect small HCC in
patients at risk and in these patients
18F-FDG PET provides no information
regarding intrahepatic or distant dis-
ease (11,12). Therefore, efforts have
been made to seek alternative tracers
for screening patients at risk, staging,
and monitoring regional therapy of pa-
tients with HCC.

11C-ACETATE AND 18F-FDG
COMPLEMENTARITY

The study of Ho et al. (13) describes
an interesting approach using a dual-
isotope PET protocol using 18F-FDG
and 11C-acetate as radiopharmaceuti-
cals. 11C-Acetate is a metabolic sub-
strate of �-oxidation and precursors of
amino acid and sterol and has proven
to be useful in detecting various ma-
lignancies (14); although the sensitiv-
ity does not appear as high as with
18F-FDG, it may play a complementary
role for tumors that are not 18F-FDG
avid as it has been suggested for uro-
logic tumors.

In the study of Ho et al. (13), the
poorly differentiated HCCs were de-
tected by 18F-FDG and the well-differ-
entiated types were detected by 11C-
acetate This finding supports previous
data suggesting a correlation between
the degree of 18F-FDG uptake, includ-
ing both the standardized uptake value
and the phosphorylation constant (k3),
and the grade of malignancy (9). It is
also interesting to observe that approx-
imately 30% of the HCCs were both
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18F-FDG and 11C-acetate avid and ac-
tually demonstrated heterogeneity of
metabolism in different parts of the
same tumor.

Another interesting observation is
the specificity of 11C-acetate for HCC
compared with that of other malignant
tumors affecting the liver, including
metastases from other primaries that
were not 11C-acetate avid. On the other
hand, some focal nodular hyperplasia
did accumulate 11C-atetate to a mild
degree. The authors conclude that the
dual-isotope technique can be very
useful to evaluate indeterminate he-
patic lesions. When the lesion accumu-
lates both tracers or accumulates only
11C-acetate, HCC is high in the differ-
ential diagnosis; when it accumulates
only 18F-FDG, a non-HCC malignancy
should be favored; and if it is negative
for both tracers, a benign pathology is
more likely.

Because poorly differentiated HCCs
are more likely to metastasize and tend
to be 18F-FDG avid, metastases are
more likely to be detected with 18F-
FDG, as found by Ho et al. (13). This
finding supports data in our study of 91
patients with HCC who underwent 18F-
FDG PET for initial staging, where
64% of patients had increased uptake
in the primary tumor and 10% of those
had unsuspected extrahepatic metasta-
ses demonstrated by 18F-FDG PET im-
ages (15).

Because the majority of patients with
HCC have advanced-stage tumors or un-
derlying cirrhosis with impaired hepatic
reserve, surgical resection is often not
possible. Therefore, other treatment
strategies have been developed, includ-
ing transarterial chemoembolization, tu-
mor ablation (cryoablation, ethanol ab-
lation, radiofrequency ablation), and,
in highly selected cases, liver trans-
plantation. In patients with 18F-FDG-
avid HCC treated with hepatic arterial
chemoembolization, 18F-FDG PET is

more accurate than lipiodol retention
on CT in predicting the presence of
residual viable tumor. The presence of
residual uptake is some lesions can
help in guiding further regional ther-
apy (16–18). In our study of 91 pa-
tients, 18F-FDG PET had an impact on
the management of 30% of patients
either by guiding the biopsy at the met-
abolically active site, by identifying
distant metastases, by monitoring the
response to treatment with hepatic che-
moembolization, by guiding additional
regional therapy, or by detecting recur-
rence (15). 11C-Acetate may be the al-
ternative tracer for monitoring therapy
of patients with non–18F-FDG-avid
HCC.

The usefulness of combined 18F-
FDG/11C-acetate imaging also be-
comes apparent and clinically relevant
in the subgroup of patients who have
unresectable HCC, but who may be
under consideration for liver transplan-
tation. In this group the ability to more
accurately screen for distant metasta-
ses is particularly helpful. Clearly, the
implications of undetected metastatic
cancer in this patient subgroup justify a
thorough approach for accurate tumor
staging. Recent estimates of costs for
each year of life gained after liver
transplantation for HCC range from
$44,000 to $183,000 (19). In this set-
ting the marginal costs associated with
PET imaging become negligible.
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