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Abstract
Purpose: The aim of this study was to compare C-11 choline and F-18 FDG PET/CT, gadoxetic-enhanced 3-T
MRI and contrast-enhanced CT for diagnosis of hepatocellular carcinoma (HCC). Materials and Methods: Twelve
chronic hepatitis B patients suspected of having HCC by abdominal ultrasonography received all diagnostic
modalities performed within a one-week timeslot. PET/CT results were analyzed visually by two independent
nuclear medicine physicians and quantitatively by tumor to background ratio (T/B). Nine patients then had
histopathological confirmation. Results: Six patients had well differentiated HCC, while two and one patient(s)
were noted with moderately and poorly differentiated HCC, respectively. All were detected by both CT and
MRI with an average tumor size of 5.7±3.8 cm. Five patients had positive C-11 choline and F-18 FDG uptake. Of
the remaining four patients, three with well differentiated HCC showed negative F-FDG uptake (one of which
showed negative results by both tracers) and one patient with moderately differentiated HCC demonstrated no
C-11 choline uptake despite intense F-18 FDG avidity. The overall HCC detection rates with C-11 choline and
F-18 FDG were 78% and 67%, respectively, while the sensitivity of F-18 FDG for non-well differentiated HCC
was 100%, compared with 83% of C-11 choline. The average T/B of C-11 choline in well-differentiated HCC
patients was higher than in moderately and poorly differentiated cases (p=0.5) and vice versa with statistical
significance for T/B of F-18 FDG (p = 0.02). Conclusions: Our results suggested better detection rate in C-11
choline for well differentiated HCC than F-18 FDG PET. However, the overall detection rate of PET/CT with
both tracers could not compare with contrast-enhanced CT and MRI.
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Introduction
Hepatocellular carcinoma (HCC) is a leading cause of
cancer deaths among men and women worldwide (Parkin,
2002). According to the National Cancer Institute of
Thailand, during 1998-2000, HCC was the most frequently
found type of cancer in men, while the 3rd most common
cancer in women after cervical cancer and breast cancer
(Attasara, 2010). Advances in therapeutic techniques
make it possible for curative treatment in almost a third
of patients provided that the cancer is detected at an early
enough stage (Kanwal et al., 2012).
Diagnostic imaging has now become the mainstay of
HCC diagnostic evaluation. A liver nodule larger than 2 cm
with a typical vascular enhancement pattern on dynamic
CT or MRI is considered diagnostic HCC without the
need for histological confirmation, making it one of the
few tumors that can be diagnosed by radiological imaging
alone (Bruix et al., 2005). However, CT and MRI are not

without limits. Sensitivity for detection varies from as low
as 36% to >90% for HCC lesions less than 2 cm and even
lower for lesions less than 1 cm in size (Bolog et al., 2011).
Metabolic imaging with F-18 FDG PET/CT has
been a very successful modality for detection, staging
and restaging various cancers with excellent sensitivity
and specificity in certain cancers (Kelloff et al., 2005).
However, earlier studies of F-18 FDG PET/CT for HCC
detection reported only the moderate sensitivity of about
50% to 60% (Khan et al., 2000; Jeng et al., 2003; Lin et
al., 2005; Yamamoto et al., 2008). One study revealed
even poorer performance with F-18 FDG PET/CT for
failure to detect any HCC lesions that were otherwise
detectable by other imaging modalities (Teefey et al.,
2003). Whereas, another study suggested that F-18 FDG
PET/CT is of limited value in tumors less than 5 cm in
size(Wolfort et al., 2010). This may be due to the fact
that there is high uptake of F-18 FDG in the normal liver
and relatively low uptake of HCC compared with other
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malignant liver tumors (Iwata et al., 2000). Moreover,
tumor differentiation is one important factor determining
F-18 FDG uptake, with well-differentiated tumors being
less avid and thus less likely to be detected (Khan et al.,
2000).
Choline is incorporated into phosphatidylcholine,
a major membrane phospholipid in mammalian cells.
It thus stands to reason that malignant tumors with
increased cellular proliferation take up more choline than
in normal cells (Glunde et al., 2011). C-11 Choline has
been synthesized and first experimented on brain tumor
PET imaging (Hara et al., 1997). It later evolved as an
imaging agent for prostate cancer. Currently, C-11 choline
PET/CT has been proven superior to F-18 FDG PET/CT
in prostate cancer with biochemical relapse (Picchio and
Castellucci, 2012). Nonetheless, there are few studies
on the diagnostic performance of C-11 Choline PET/CT
for HCC detection. One study found that C-11 Choline
PET/CT was slightly better than F-18 FDG PET/CT for
the detection of HCC, especially in those with moderate
differentiation, but this study was only retrospective in
nature and did not compare the sensitivity with CT or
MRI (Yamamoto et al., 2008). Hence, the purpose of
our study is to prospectively investigate the feasibility
of C-11 choline PET/CT, compared with F-18 FDG
PET/CT, Gadoxetic acid-enhanced MRI, and dynamic
contrast-enhanced 64-slice multidetector CT, for HCC
detection. We hypothesized that the radiopharmaceutical
C-11 choline may be of value to complement F-18 FDG
in imaging HCC patients.

Materials and Methods
The study was approved by Chulabhorn Institutional
Review Board and written informed consent was obtained.
There is no financial conflict of interest.
Patients
Patients with suspected hepatocellular carcinoma by
abdominal ultrasonography findings and sent for further
diagnostic imaging at the National Cyclotron and PET
Centre, Chulabhorn Hospital were consecutively recruited
during October 2011 - September 2012. Informed consent
was obtained from all patients prior to the enrollment.
Imaging procedures
All enrolled patients underwent 4 cross-sectional
imaging modalities, including C-11 choline whole-body
PET/CT, F-18 fluorodeoxy glucose (FDG) whole-body
PET/CT, gadoxetic acid-enhanced liver MRI, and contrastenhanced liver CT.
C-11 choline and F-18 FDG PET/CT
Patients were instructed to fast for 6 hours prior to
the radiopharmaceutical administration. Fasting plasma
glucose was obtained prior to the examination. PET/
CT imaging was performed using Siemens Biograph 16
PET/CT system in 4D scanning mode 5 minutes after
intravenous injection of 6 MBq/kg C-11 choline and 90
minutes after intravenous injection of 5 mBq/kg F-18
fluorodeoxy glucose. The field-of-view covered the skull
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base to proximal thigh for 3 minutes per bed position.
Iterative image reconstruction with 4 iterations and 8
subsets was used. The matrix size was 168 with zoom set
at 1 and 5.0 FWHM Gaussian filter.
Gadoxetic acid-enhanced liver MRI
Contrast-enhanced liver MRI was performed using 3
Tesla MRI. Each patient was intravenously injected with
0.025 mmol/kg of gadoxetic acid. Imaging was done in
regular sequences with the addition of hepatobiliary phase.
Contrast-enhanced liver CT
Patients underwent four-phase CT scan of the liver,
including non-contrast scan phase, late-arterial phase,
venous phase, and 5-minute delayed phase. The scans
were completed using 64-slice multidetector CT scanner.
Intravenous contrast media was administered at a rate of
3 mL/min.
Image analysis
Choline and FDG PET/CT images were visually
inspected by two nuclear medicine physicians blinded to
CT and MRI findings. Quantitative measurement of the
tumor-to-background (T/B) ratio was also conducted.
Any areas in the liver with increased, non-physiological
uptake were defined as tumor by consensus between
the two physicians. The T/B ratio was then calculated
by measuring the average standardized uptake value
(SUVmean) over the tumor lesion and divided by the
SUVmean of surrounding liver parenchyma obtained from
the average SUVmean measurements of 3 liver regions
with the same volume.
Histopathological diagnosis
Tissues for pathological diagnosis were obtained
by either resection of the tumor or needle biopsy. A
pathologist graded the tumor as well-differentiated (grades
I and II), moderately differentiated (grade III), and poorly
differentiated (grade IV).
Statistical analysis
The T/B ratios were expressed as mean ± SD.
Independent T-test was used to compare the T/B ratio
between well-differentiated and non-well-differentiated
HCCs. A p-value of less than 0.05 was considered
statistically significant.

Results
During the study period, 12 patients with suspected
HCC from ultrasonography were sent for evaluation.
Patient characteristics were listed in Table 1. Three
patients were excluded due to lack of histopathological
confirmation. Of the remaining 9 patients, 6 had welldifferentiated, followed by 2 and 1 patient(s) with
moderately differentiated and poorly differentiated HCC,
respectively. All tumors were detected on both MRI and
CT scan with 100% concordance rate and average tumor
size of 5.7±3.8 cm. The tumor lesions of 5 patients were
detected on both C-11 choline and F-18 FDG PET/CT,
while 1 patient with a 3.4 cm well-differentiated HCC
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had negative results by both radiopharmaceuticals. Two
patients had HCC with avidity only to C-11 choline;
whilst, one patient with a 7.7 cm moderately differentiated
HCC showed no C-11 choline uptake despite intense F-18
FDG avidity. Thus, the overall detection rate for C-11
choline and F-18 FDG were 78% (7 out of 9) and 67% (6
out of 9), respectively. Figure 1 demonstrated discrepant
the findings between F-18 FDG and C-11 choline tumor
uptake in patients with large HCCs demonstrated on CT
scan. The three patients with negative results by F-18
FDG all had well-differentiated tumors. However, F-18
FDG PET/CT successfully detected 100% of non-welldifferentiated HCC (3 out of 3). Also, the detection rate

of C-11 choline PET/CT for well-differentiated HCC was
83% (5 out of 6). Table 1 summarized the characteristics
of HCC lesions in our study.
Overall, the average T/B ratios of HCC lesions for
C-11 choline and F-18 FDG were 1.80 ± 0.68 and 2.09
±1.50, respectively. The average T/B ratio of C-11 choline
in patients with well-differentiated HCC was higher
than those with moderately and poorly differentiated
tumors. These differences, however, were not statistically
significant (p = 0.5). In contrast, the average T/B ratio of
F-18 FDG in moderately and poorly differentiated HCC
were statistically higher than in well differentiated HCC
(p = 0.027).

Discussion

Figure 1 Imaging Findings. Two patients with HCC

demonstrated on contrast-enhanced CT, the first row shows C-11
choline avid well-differentiated HCC lesion which demonstrates
almost no F-18 FDG uptake. The second row shows a large
moderately differentiated HCC which demonstrates intense F-18
FDG uptake but no C-11 choline uptake

Table 1. Patient Characteristics
Sex

Characteristics

Male
Female
Age (years)
Mean
Range
Histology
Well differentiated
Moderately differentiated
Poorly differentiated

Number (%)
7 (78)
2 (12)
54.2
43 – 62
6 (67)
2 (22)
1 (11)

In this study we investigated the diagnostic value of
C-11 choline PET/CT for the evaluation of patients with
HCC. The strength of our study is on the comparison
of C-11 choline PET/CT head-to-head with 3 other
imaging modalities, including F-18 FDG PET/CT,
contrast-enhanced liver MRI, and CT scanning using
histopathological confirmation as the gold standard.
Although limited by the small number of subjects, the
findings demonstrated the variation of tumor metabolism
of HCC, similar to F-18 FDG and C-11 choline uptake.
The short-comings of F-18 FDG for detection of HCC
lesions has been well established in previous studies (Khan
et al., 2000; Jeng et al., 2003; Teefey et al., 2003; Lin et
al., 2005; Yamamoto et al., 2008; Wolfort et al., 2010) and
has also been shown in this study with the overall F-18
FDG sensitivity of only 67%. However, F-18 FDG PET/
CT successfully detected all three non-well-differentiated
tumors, partly due to the fact that all three tumors are of
relatively large size. Meanwhile, the degree of F-18 FDG
avidity for non-well-differentiated HCC was statistically
higher than for well-differentiated tumors. Our findings
concurred with the convention that F-18 FDG sensitivity
is often dependent on tumor differentiation with better
sensitivity for less well-differentiated tumors that likely to
have increased glucose utilization, resulting in increased
avidity to F-18 FDG. Thus, the radiopharmaceutical
C-11 choline has been developed for tumor imaging.
By incorporation into cell membrane components, the
radiopharmaceutical theoretically should be avidly
taken up by tissues with high cell proliferation rate such

Table 2. PET/CT and Histopathological Characteristics of HCC Lesions
Tumor
Differentiation
Subject
Grade T/B
size (cm)
Well- differentiated
1
1.6
I
1.08
2
1.6
I
1.60
3
7.2
II
1.30
4
3.4
II
1.00
5
4.5
II
1.74
6
13.4
II
1.45
Non-well7
8.4
III
3.21
8
7.7
III
5.71
differentiated
9
4.0
IV
1.73
All

*P=0.027

FDG
Mean T/B

SD

1.36*

0.29

3.54

2.01

2.09

1.5

95%CI of
difference
-4.03 to -0.34

Choline
T/B
1.43
1.57
1.82
1.00
2.73
2.85
2.03
0.86
1.84

95%CI of
difference
0.74 -0.90 to 1.55

Mean SD
1.9

1.58 0.63
1.8

0.68
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as malignant tumors. It has been then well established
as a promising imaging agent in prostate cancer with
biochemical relapse. Nonetheless, one limitation of using
C-11 choline is the requirement of an on-site cyclotron.
As well, the development of fluorine-based radiotracer
may be more practical. Imaging characteristics of C-11
choline and F-18 fluoroethylcholine has therefore been
compared using the animal models of HCC, with similar
imaging characteristics of the two tracers (Kolthammer
et al., 2011).
Likewise, an in vitro study demonstrated that choline
uptake in HCC occurred through the choline transporter and
the incorporation of choline into phosphocholine(Kuang
et al., 2010). Previous studies have as well evaluated
choline PET tracers for HCC detection and demonstrated
varying detection rates of 66% to 100% (Talbot et al.,
2006; Talbot et al., 2010; Wu et al., 2011; Fartoux et al.,
2012; Bieze et al., 2014; Castilla et al., 2015; Lopci et
al., 2015). In this study we found that C-11 choline PET/
CT had only slightly better overall sensitivity of 78%
for detection of HCC compared with F-18 FDG PET/
CT, compatible with most previous studies that revealed
only slight or non-significant superiority of choline PET
to F-18 FDG PET/CT in HCC. The detection rate found
by Wu et al was 61% for F-18 FDG and 71% for C-11
choline(Wu et al., 2011). Talbot et al showed that F-18
fluorocholine had higher sensitivity than F-18 FDG (88%
vs 68%), but no statistically significant difference(Talbot
et al., 2006). Our study illustrated the degree of tumor
uptake of C-11 choline for well-differentiated tumors to
be slightly higher than non-well-differentiated tumors,
but not statistically significant, probably due to the small
sample size. In the meantime, similar findings were
observed in previous studies showing that choline tracers
had a propensity for accumulation in well-differentiated
HCC, while less differentiated HCC was more avid to
F-18 FDG(Yamamoto et al., 2008; Talbot et al., 2010;
Wu et al., 2011). So, the seemingly complementary
nature of F-18 FDG and choline PET tracers has led to
the investigation of using both of these tracers in dualtracer PET studies (Castilla et al., 2015). Wu et al found
the improved detection rate from 63% using F-18 FDG
alone to 89.5% using both F-18 FDG and C-11 choline
(Wu et al., 2011). Our study revealed similar findings with
88% sensitivity by dual-tracer PET which was higher than
either tracer alone.
Interestingly, both F-18 FDG and C-11 choline PET/
CT had inferior diagnostic performance than CT and MRI
for the detection of HCC lesion. Large lesions failed to
be detected by one or both of the radiopharmaceuticals,
while small lesions were detected by both CT and
MRI imaging. The findings could support the use of
dynamic anatomical imaging including CT and MRI as
the primary modality for evaluating primary tumors in
HCC patients. Although PET/CT in this study showed
no significant extrahepatic disease for the alteration of
patient management, the advantage of PET/CT being a
whole body imaging leads to the possibility of distant
metastasis identification. Lopci found that C-11 choline
PET had less accuracy than CT or MRI for the detection
of liver lesions (66% versus 85%), while the opposite
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was true for the detection of extrahepatic lesions which
C-11 choline greatly out-performed CT or MRI (99%
versus 32%) (Lopci et al., 2015). Another similar finding
was found in one study where C-11 choline had 100%
accuracy for the identification of extrahepatic lesions
(Bieze et al., 2014). Additionally, PET/CT with both
tracers may offer prognostic value. Fartoux noted that
HCC patients with good avidity to F-18 FDG but poor
avidity to F-18 fluorocholine had a greater chance of
recurrence after surgical resection. This may be related
to the tumor differentiation with FDG-avid lesion that
more likely to be less differentiated, concurring with our
results (Fartoux et al., 2012). However, further studies
should be recommended to explore the use of PET/CT
by either F-18 FDG or C-11 choline for the evaluation of
distant metastasis, as well as to solidify the role of these
functioning imaging techniques in term of prognostic
value.
In conclusion, Our results suggested that C-11 choline
seems to have better detection rate for well differentiated
HCC; whereas, F-18 FDG PET yields a better detection
rate for moderately and poorly differentiated HCC.
However, the overall detection rate of PET/CT by both
radiopharmaceuticals is inferior to hepatic CT and MRI.
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