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Role of 18-FDG/PET in evaluation of
hepatocellular carcinoma managed locally
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compared to triphasic computed
tomography
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Abstract

Background: This study was done to evaluate the role of FDG/PET compared to CECT in evaluating HCC after local
interventional treatment. We evaluate forty-six patients with known history of TACE as a locoregional treatment of
pathologically proved HCC. There were forty-three males and three females.

Results: The collected data were statistically analyzed, and we found that FDG-PET has a sensitivity of 94%,
specificity of 84%, positive predictive value of 86.7%, negative predictive value of 86.4%, and accuracy of 93.4% in
the detection of residual or recurrent at the managed tumor bed compared to CECT which shows a sensitivity of
94%, specificity of 84%, positive predictive value of 86.7%, negative predictive value of 86.4%, and accuracy of 93.4
%). Combined views ( FDG-PET/CT ) are better in evaluation.

Conclusion: FDG-PET is better in the detection of residual or recurrence in HCC which is locally managed by TACE.
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Background
Hepatocellular carcinoma (HCC) or hepatoma is the
most common primary malignancy of the liver. It ranks
as the fifth most common tumor in the world and the
third most common cause of cancer-related death [1].
However, in recent decades, HCC age-adjusted incidence
rates have doubled. This is largely due to an increasing
prevalence of ailments that predispose to hepatic cirrho-
sis, such as chronic viral hepatitis, obesity, and alcohol
abuse [2].
Surgical treatment, including hepatic resection and

liver transplantation, is considered as the most effective

treatment of HCC [3]. Patients with inoperable HCC
were treated via interventional treatment [4].
Transarterial chemoembolization (TACE) works by

blocking the primary feeder artery of the tumor by injec-
tion and concentration of chemotherapeutic agents at
the tumor site [5].
Only 15–55% of patients have a partial response

after TACE management. Therefore, evaluation of the
accuracy of the therapy response and prognosis is
important in determining if there will be a further
session or not [6].
Positron emission tomography (PET) with 18F-2-

fluoro-2-deoxyglucose (18F-FDG) has become in
recent years widely used for baseline staging and
monitoring the treatment response in various tumors.
18F-FDG PET, which detects the glucose metabolic
activity of tumors, provides useful information that
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cannot be obtained from other conventional imaging
techniques [7, 8].
So 18F-FDG PET has become the most important im-

aging modality in the assessment of HCC, before and
after local management, as well as before and after liver
transplantation, especially if combined with CT study. It
gives additional information more than conventional
modalities, so it will contribute to the clinical manage-
ment of HCC recurrence [9].

Methods
Patients

� This was a diagnostic test accuracy study, performed
on 46 patients (43 males (93.4%) and 3 females
(6.6%)).

� Their ages ranged between 37 and 61 years old with
a median age of 50.5 years.

� They had pathologically proved HCC and managed
locally by TACE. They came to the PET unit after 1
month from the last TACE.

� The patients were referred from the interventional
unit to evaluate residual or recurrence post-TACE.

� The study was conducted from February 2018 to
March 2019.

� All patients underwent the following:
� Thorough history taking
� Asking about previous allergy or reactions to

contrast material
� Laboratory examination (serum creatinine and

AFP level)
� Evaluation of the previous CECT

Inclusion criteria

� All patients with TACE for pathologically proved
HCC.

Exclusion criteria

� Patients with previous allergy or reactions to
contrast material

� Patients with no locoregional treatment of HCC
� Patients with locoregional treatment of HCC other

than TACE

The patients
The patients included in the study already had previous
TACE; we must know about its details (how many times,
managed focal lesion criteria including site, size, and
numbers).

Patient preparation
Before patient arrival

� A high-protein, low-carbohydrate diet is required
24 h before the scan

� Minimal physical activity within 24 h prior to the
scan

� Good hydration with a full bladder; we may use
diuretics

� Keeping patients in a warm environment to decrease
brown fat uptake. We may use medications (beta
blockers or diazepam). The dose of oral beta blocker
(propranolol) is 20 mg before FDG injection. And
the dose of diazepam was 0.27 mg/kg, maximum
dose 10 mg

� Avoid muscular effort to decrease muscular uptake.
Done by complete rest even from talking.

� Fasting at least 6 h before the study
� IV arm cannula is inserted with the removal of any

metal objects that could produce artifact during the
scan.

� Diabetic patients: patients were allowed to take early
breakfast with oral anti-diabetic medications then
fasting for 6 h or with their normal insulin dose and
then fasting for 4 h.

� Normal blood glucose level is important as tumor
uptake decreased in hyperglycemic state. It must
be ≤ 150 mg/dl, and if more than 200 mg/dl, PET/
CT is not performed. We may use insulin (2 to 5
units) to decrease the high blood glucose level,
and blood glucose should be rechecked prior to
FDG injection. A minimum time interval of 1 h is
necessary between insulin administration and
FDG injection to minimize undesirable effects
which may be represented in increased FDG
uptake in the heart, skeletal muscles, and liver
which could affect image quality and therefore
the ability to detect lesions

PET and triphasic CT studies
Done for all of these patients and evaluate the managed
focal lesion and any newly developed one/s. All exams
were performed using a Siemens Biograph 128 PET/CT
with 128 slices CT.

� We gave 1 l of negative oral contrast agent 1 h
before examination. Then, the radioactive tracer is
administrated as 10–20mCi 18F-FDG with a dose of
0.1–0.4 mCi/kg, 45–90 min before examination.

� Patients were asked to stay in a quiet dark room
covered by warm blankets, not speaking, chewing, or
reading, and then they were asked to void and taken
to the scan room.
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Protocol of PET/CT imaging

� The examination was done from the base of the
skull to the mid-thigh

� Low dose CT (without contrast) was done first
� PET protocol

– Immediately followed by emission scan imaging
with multiple beds, at the same scan range in
three-dimensional mode with 3 min/bed. Iterative
algorithms {TrueX+TOF (ultraHD-PET), 2 itera-
tions, 21 subsets} were used for reconstruction of
the PET images. PET axial field of view is 11.4
cm/bed position. Data were filtered (FWHM 4.0
mm) and corrected for scatter.

� CECT protocol
� Then, contrast-enhanced triphasic CT (130 mAs,

120 kV, slice thickness 5 mm, pitch 0.9, and incre-
mental reconstruction 2.5 mm) was done after IV
injection of 1.5–2 ml/kg of an iodinated contrast
material (Optray 300) using automated injector
(MedradStellant) with a flow rate of 4 ml/s. The
arterial phase on the liver was obtained after 20 s
post-contrast injection, portovenous phase at 60 s
delay starting from the skull base to the upper thighs
(same as low dose and PET scan range), and delayed
phase on the liver obtained at 300 s delay.

� A limited breath-hold technique was used to avoid
motion-induced artifacts.

� Post-PET instructions
� The radioactive material remains in your body for

about 12 h, so we told patients to be limited in their
contact with both pregnant women and infants
during this time.

� Patients drunk plenty of fluids after the test to help
flush the tracers out of their system. Generally, the
tracers leave the body after 2 days.

Image interpretation

� All images were automatically fused on
TrueDSemines software or transferred to Philips
Intellispace portal and OSIRIX fusion workstation

via the hospital network where FDG-PET and CT
data sets were automatically fused.

� The PET and Triphasic CT images were interpreted
and revised by two consultant radiologists with 5–10
years film reading, knowing previous patient’s
history of TACE (how many times, managed focal
lesion criteria including site, size, and numbers)

FDG-PET images
� Visual analysis of axial, sagittal, and coronal

reconstructed images was done first.
� The standard cutoff level of us depends on the

uptake of the background of normal hepatic
parenchyma which ranges from 2.5 to 4.5 in SUV,
so we considered any area of increased FDG more
than these values, areas of residual, or recurrence in
managed HCC.

� Quantitative analysis to measure the degree of FDG
uptake at detected lesions was done represented by
maximum standardized uptake value (SUVmax)

� This was done by applying circular ROI with an
average diameter of 2 cm over the most active part
of HCC and extrahepatic metastasis.

CECT images
� Evaluated at axial, coronal, and sagittal

reconstructed images
� Evaluate the TACE managed by focal lesion

regarding size, site, unilobar or bilobar, lipidol
retention, contrast enhancement, and its pattern in
the three phases. Any new lesions

� Then, the correlation between FDG-PET uptake and
tumor enhancement criteria in triphasic CT of the
managed lesion was done.

The reference standard for us in accuracy determin-
ation is patients follow-up clinically, laboratory (mostly
serum Alfa-fetoprotein level), and radiologically by def-
erent imaging modalities such as ultrasonography,
CECT, dynamic MRI, or PET/CT. The most commonly
used imaging modalities in follow up—beside serum Alfa
fetoprotein level—were ultrasonography and CECT in

Table 1 Imaging features of the managed lesions

Imaging
modality

Managed lesion criteria Number of
patients

Percentage
(%)

PET Increased tracer uptake 38 cases 82.6

No uptake (photopenic) 8 cases 17.4

CECT Contrast enhancement (arterial wash in and delayed wash out) 26 cases 56.5

Atypical contrast enhancement (marginal arterial enhancement with no washout or faint arterial
enhancement)

6 cases 13

No contrast enhancement 14 cases 30.5
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38 cases, then dynamic MRI in 6 cases, and finally PET/
CT in only two cases.

Statistical analysis
The data collected were tabulated and analyzed by SPSS
(Statistical Package for the Social Science Software) stat-
istical package version 22 on IBM-compatible computer.

� We determined the sensitivity, specificity, positive
predictive value, negative predictive value, and
accuracy of FDG/PET in the detection of recurrence
or new lesions compared to CECT, using data from
the follow-up of patients (clinical, laboratory, and
imaging) as reference for us in positivity or negativ-
ity of the obtained data.

Results

� The study was carried out on 46 patients (43 males
(93.4%) and 3 females (6.6%)). And their ages ranged
between 37 and 61 years old with a median age of
50.5 years.

� According to the follow-up data, which includes
clinical picture, laboratory, and imaging methods,

there were 34 patients who had local tumor
recurrence or residual at the TACE-managed
HCC.

� The evaluated managed HCC were more than 6 cm
in max diameter in single lesions. Some of them are
multiple and their sizes ranging from 4 to 7 cm in
their average diameters. They were unipolar in all
cases except two.

� PET study which is done after 1 h post-tracer ad-
ministration, had increased pathological uptake at
the TACE bed in 38 patients, while 8 patients had
no pathological uptake at the TACE bed. Among
the second group, we found that no patients had en-
hancement criteria of recurrence or residual tumor
(Table 1).

� As for CECT, we found that 26 patients had
typical pathological pattern of contrast
enhancement at the TACE-managed HCC. This
pattern means rapid arterial phase wash in and
wash out in the portal and delayed phases. We
found 6 patients had atypical pattern of enhance-
ment in the form of either marginal arterial
enhancement with no washout or faint arterial
enhancement, while we found 14 patients had no

Table 2 Correlation between positive and negative results in true, PET, and CECT study

Positive cases Percentage (%) Negative cases Percentage (%)

True reference cases 34 74 12 26

PET 38 82.5 8 17.5

CECT 32 69.5 14 30.5

Fig. 1 Chart of correlation between positive and negative results in true, PET, and CECT study
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enhancement criteria of recurrence. Among these
patients with no recurrence or residual enhance-
ment, there were 6 patients who showed FDG
pathological uptake in PET scan, and 8 patients
had no FDG pathological uptake (Table 1).

� From the previously collected data, we simply found
that CECT showed true positive results in 28 cases,
true negative in 8 cases, false negative in 6 cases,
and false-positive results in 4 cases. However, PET
showed true-positive results in 34 cases, true-
negative in 8 cases, false-positive in 4 case, and no
false-negative results.

� Table 2 shows the association between the true local
residue/recurrence (which is detected in follow-up)
and detection of local residue/recurrence by CECT
and PET

The data seen in Table 2 could be presented in Fig. 1.
Using data analysis, we could calculate the sensitiv-

ity, specificity, positive predictive value, negative

predictive value, and accuracy for CECT and PET
study results.
I found that CECT had a sensitivity of 82%, specificity

of 66.7%, positive predictive value (PPV) of 87.5%, nega-
tive predictive value (NPV) of 57.1%, and accuracy of
78.2%, while PET had sensitivity and specificity of 100%
and 66.7% respectively. Positive predictive value (PPV)
was 89.5%, negative predictive value (NPV) was 100%,
and accuracy was 91.3% (Table 3).

Cases
Figures 2, 3, and 4 represent a sample of selected
patients of our study, each figure for one case.

Discussion
Imaging plays an important role in the management of
HCC, and the efficacy of treatment is usually monitored
and assessed radiologically [10]. Generally, targeted ther-
apy agents induce a reduction in tumor vascularization,
provocation of necrotic area, and sometimes cavitation

Table 3 Comparison of the statistical analysis of CECT and PET of the hepatic lesions managed by TACE

Imaging modality Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

CECT 82 66.7 87.5 57.1 78.2

PET 100 66.7 89.5 100 91.3

Fig. 2 Case (1). Male patient had done three sessions of TACE. CECT showed lipidole retention with no enhancement seen in arterial,
portovenous, and delayed phases (a, b, c). However, the PET scanning (d) of the same managed lesion showed significant FDG uptake in PET
study (arrow ), with SUV = 10. In follow-up, the managed lesion showed activity

Gomaa Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:140 Page 5 of 8



in solid tumors, and these features have been reported
in various targeted therapies of HCC [11].
To evaluate the changes which occurred in the tumor

after locoregional interventional procedures, we use
many imaging modalities such as US, CECT, and
dynamic MRI. However, lipidol deposits in TACE can
make the evaluation more difficult in CECT, and
dynamic MRI are the most commonly used tools to
evaluate patients [12].
In HCC patients managed with TACE, contrast-

enhanced triphasic CT scan gives information about
the tumoral size and its vascularity which may affect
the recurrence or viability of the tumor. However, the
main limitation of CT was the presence of hyperdense

lipidol which may mask the viable intra-lesional
tumor tissue [13].
FDG-PET depends on the assessment the metabol-

ism of the tumor managed by TACE which is import-
ant in oncology. It has the advantage of examining
the whole body as well, so we can assess the intra-
and extra-hepatic disease in single examination which
is crucial for patients who planned for hepatic trans-
plantation [14, 15].
Many studies had been done on the evaluation of the

role of PET scan in evaluation of loco-regional ablation of
the HCC. In this study, the efficiency of FDG-PET scan
was compared to that of the CECT in the evaluation the
local tumor residue/recurrence of HCC after TACE.

Fig. 3 Case (2). Male patient had done two sessions of TACE. CECT showed no lipidole retention with central breakdown and marginal
enhancement seen in the arterial phase (a) and wash out in portovenous and delayed phases (b, c), more in delayed one. PET scanning (d). The
same managed lesion showed marginal significant FDG uptake in PET study (arrow ) with (SUV = 13). In the follow-up, the managed lesion
showed activity. Also, PET-CT image (e) shows significant FDG increased uptake compared to the liver parenchymal uptake
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It was found that the CECT had a sensitivity of 82%,
specificity of 66.7%, positive predictive value (PPV) of
87.5%, negative predictive value (NPV) of 57.1%, and ac-
curacy of 78.2%. However, PET had sensitivity and spe-
cificity of 100% and 66.7%, respectively. Positive
predictive value (PPV) was 89.5%, negative predictive
value (NPV) was 100%, and accuracy was 91.3%.
Compared to Jinpeng et al. study [11] which studied

the recurrence of HCC after (TACE) in 29 patients, they
found the sensitivity of PET was 95.4% while the sensi-
tivity of CECT was 63.8%.
Also, Song et al. [16] study done in 2015 showed

that F-FDG-PET/CT was found to be superior to
CECT for the detection of viable tumor in patients
with HCC after TACE.

Azab et al. [17] study concluded that FDG-PET/CT
showed higher sensitivity and specificity than contrast
CT in the evaluation of HCC after local therapy of
HCC (which includes radiofrequency and TACE)
whatever the degree of tumor vascularity.
Also, Wenhui et al. [18] study proved that 18F-FDG

PET/CT has diagnostic value in detecting viable HCC
patients after TACE. Therefore, 18F-FDG PET/CT
may provide valuable information that can be used in
the treatment response evaluation and clinical
decision-making process.
All the above-mentioned studies’ results match with my

results which showed that FDG PET was more accurate in
the diagnosis of residual or recurrence HCC post-TACE
than CECT which has an important role in deciding if the

Fig. 4 Case (3). Female patient had done two sessions of TACE. CECT showed minimal lipidole retention with no enhancement seen in arterial,
portovenous, and delayed phases (a, b, c). PET scanning (d) of the same managed lesion showed no significant FDG uptake in PET study (SUV =
4). In the follow-up, the managed lesion showed no activity. Also, PET-CT image (e) shows no increased uptake at the site of the managed lesion
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patient will take another session of TACE or not. But it
still of limited role regarding cost, radiation exposure,
more time of examination, and availability.
Also, using FDG-PET accuracy depends on the

grade of biological activity of the tumor, meaning that
the low biologically active tumor (low grade) may not
be evaluated well by FDG-PET study.
The relatively small number of patients included in

this study was considered as one of the weak points.
Also, this study depends on the follow-up (imaging and
laboratory) as the reference standard; however, histo-
pathological correlation of the residue/recurrence is still
more reliable as a reference standard.

Summary
In this study, it was found that 18 FDG-PET was better
in the detection of recurrence or residual tumor in
TACE-managed HCC lesions; this may be due to
lipidole uptake which may mask some of the enhanced
tissue activity or due to abnormal vascularity of the
managed lesions. However, the combination of 18 FDG-
PET and CECT (PET/CT) surely gives better results.
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