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Objective: Positron emission tomography/computed tomography (PET/CT) is currently one of the most important emerging
imaging modalities. Due to its high cost, appropriate guidance for use of the modality should be tailored to the context of each
country. The present review aimed to provide guidance for appropriate use of PET/CT in Thailand.

Materials and Methods: Studies of PET/CT use in the top ten most prevalent cancers in Thailand and in Cardiology and Neurology
between January 1, 2005 and March 31, 2015 were searched. Four nuclear medicine physicians summarized and synthesized
the evidence regarding use of PET/CT in target conditions. Summarized evidence was presented to a multidisciplinary panel
of experts, and recommendations for PET/CT use were made.

Results: Recommendations regarding F18-FDG PET/CT use are presented in the present review. This information should help
policy makers in deciding the indications that F18-FDG PET/CT should made reimbursable in the key health insurance schemes.

Conclusion: The present study is the first published recommendation, from reviewed of the literatures, on the appropriate
use of PET/CT in Thailand. This should help clinicians and healthcare policy makers in their decision regarding the use and

benefit of PET/CT.
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During the past few decades, positron emission
tomography/computed tomography (PET/CT)
particularly with the radiopharmaceutical 2-deoxy-
2-(18F)fluoro-D-glucose (F18-FDQG) has played a
crucial role in the management of cancer patients.
Applications in cardiology and neurology of F18-
FDG PET/CT are also steadily increasing. Newer
non-fluorine-based radiopharmaceuticals using
radioisotopes such as carbon-11 (C11) and gallium-68
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(Ga68) have also been gaining momentum and
interest. Imaging with PET/CT and other functional
nuclear medicine imaging techniques offer the
advantage of providing insights into tumor and
organ biology that conventional anatomical imaging
modalities cannot provide. Thus, PET/CT has been
used as an adjunct, and in some cases, a replacement
for conventional imaging for various applications in
Oncology, Cardiology, and Neurology. Despite the
many advantages of PET/CT, the main caveat of this
imaging modality lies within its high cost, which is
mainly due to the price of the PET/CT scanner and that
most PET radiopharmaceuticals require a cyclotron for
production. In Thailand, there are currently six centers
that provide PET/CT service. The cost of PET/CT in
Thailand ranges from 40,000 to 45,000 Baht (1,140
to 1,285 USD) for government hospitals and 60,000
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to 80,000 Baht (1,715 to 2,285 USD) for private
hospitals. This price can be prohibitively expensive in
relation to the average income of the Thai population.
To further impede patient access to PET/CT services,
the only indications that are reimbursable under the
Social Security Scheme (Social Security Office),
Universal Coverage Scheme (National Health Security
Office), and Civil Servant Medical Benefit Scheme
(Comptroller General’s Department) are staging of
potentially resectable non-small cell lung cancer
(NSCLC), and diagnosis of recurrent colorectal cancer
in patients with rising carcinoembryonic antigen
(CEA) level. Despite these limitations, use of PET/CT
should be made more accessible to maximize patient
benefit while maintaining cost-effectiveness. The aim
of the present study was to provide, through review
of clinical evidence, guidance of the appropriate use
criteria for PET/CT in Thailand. This could help guide
policy makers to determine the indications that PET/
CT should be reimbursable.

Materials and Methods
Target conditions

This literature review focused on summarizing
the available evidence for the use of PET/CT in
oncological, cardiological, and neurological diseases.
The target diseases for oncological conditions for
evaluation of the utility of PET/CT included the ten
most prevalent cancers in Thailand, which are breast
cancer, colorectal cancer, lung cancer, uterine cervical
cancer, primary liver and bile duct cancer, oral cancer,
lymphoma, esophageal cancer, nasopharyngeal
carcinoma, and ovarian cancer'” in terms of diagnosis,
staging, evaluation of therapeutic response, detection
of recurrence, and disease prognosis. Diagnosis of
Alzheimer disease and other dementias were the
target of review of the utility of PET/CT in Neurology,
while diagnosis of coronary artery disease was the
target of the utility of PET/CT in Cardiology. Only
clinical studies and economic evaluation studies were
evaluated.

Literature search and selection

A systematic electronic search restricted to
studies in humans published in English language
between January 1, 2005 and March 31, 2015 was
performed to identify potentially relevant studies.
For clinical studies, two indexing databases were
searched including PubMed/PubMed Central/
Medline, and Scopus. Types of studies included were
1) studies that examine the diagnostic accuracy of
PET/CT compared with a reference standard, with
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or without comparison with a comparator test e.g.,
computed tomography (CT), or magnetic resonance
imaging (MRI) where the study reported diagnostic
statistics including sensitivity and specificity or
presents adequate details to permit derivation of
true positive, true negative, false positive, and false
negative results for construction of a 2x2 table, and
2) comparative clinical studies that examine effect of
PET/CT use in patient outcome and impact on clinical
decision making. For economic evaluation studies, the
EBSCOhost database was searched. Inclusion criteria
included studies involving cost-minimization analysis,
cost-effectiveness analysis, cost-benefit analysis, and
cost-utility analysis of PET/CT of the target diseases.
Studies where full-text articles could not be found
were excluded.

Literature review

For diagnostic studies, data extraction from each
included study were 1) first author, 2) journal and
year of publication, 3) location of study, 4) number
of patients, 5) allocation of patients, 6) indication
for performing PET/CT, 7) reference standard used,
8) comparator test(s) if any, and 9) duration of study.
For economic evaluation studies, data extraction
from each included study were 1) type of economic
evaluation, 2) target population characteristics,
3) setting and location, 4) comparators, 5) health
outcome evaluated, 6) currency and conversion rate,
and 7) analytical methods used. Data extraction was
performed by the four authors who are experienced
Nuclear medicine physicians.

Expert panel consensus

After literature review for each clinical indication
was completed, results were presented to a panel
of experts that consisted of medical oncologists,
radiation oncologists, gynecological oncologists,
cardiologists, neurologists, surgeons, and health
economic specialists for consensus on whether or not
a particular indication for PET/CT was appropriate
when taking into account diagnostic accuracy, local
disease variation, and economic burden. The final
recommendation was then concluded for each clinical
indication.

Report of findings

Recommendations for the use of PET/CT for
each clinical indication of each target disecase were
reported. Recommendations were categorized as
‘beneficial’ i.e., when there was strong evidence
of PET/CT benefit in terms of survival or guiding
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therapeutic decision from randomized controlled
trials or multiple high quality comparative studies;
‘possibly beneficial” i.e., PET/CT benefits shown in
some studies, but overall weaker strength of evidence
due to a small number of studies or studies with lower
methodological quality; or ‘no proven benefit’ when
there is a paucity of primary studies that evaluate the
usefulness of PET/CT for a particular indication or
when there is evidence that PET/CT is not beneficial
for that particular indication.

Results

Review of literature was done and data regarding
diagnostic accuracy of F18-FDG PET/CT was
extracted and summarized and compared with
conventional imaging, if applicable. Results of
the review were presented to the expert panel
and recommendations were made. A summary
of recommendations for each cancer are listed in
Table 1, Table 2, and Table 3.

Breast cancer

Review of evidence: Various aspects of F18-
FDG PET/CT in the management of breast cancer
have been studied. For preoperative lymph node
staging, F18-FDG PET/CT had overall sensitivity
and specificity of 56% and 97%, on a lesion-based
analysis while patient-based analysis yielded values
of 58% and 98%, respectively®>'. For detection of
bone metastasis F18-FDG PET/CT had sensitivity,
and specificity of 100% and 95%, respectively®!16-2D,
but compared with bone scintigraphy, which had
corresponding values of 81% and 96%, respectively®?,
the added cost and radiation dose of F18-FDG PET/
CT outweighed the small incremental increase of
sensitivity. Studies regarding diagnostic accuracy of
detection distant metastasis found that F18-FDG PET/
CT had overall sensitivities and specificities of 98%
and 96%, respectively©16:17:1920.2329 " yhich indicates
superior accuracy compared with conventional
imaging work-up including chest radiograph, CT,
and liver ultrasonography, which had sensitivity
of 56% and 91%®, respectively. F18-FDG PET/
CT had sensitivity and specificity of 89% and
74% for prediction of response to preoperative
neoadjuvant chemotherapy®*3%. For detection of
disease recurrence, F18-FDG PET/CT had sensitivity
and specificity of 90% and 89%, respectively®>40,

Expert consensus: For preoperative staging,
F18-FDG PET/CT as well as ultrasound and sentinel
lymph node biopsy are not routinely recommended.
Regarding screening for bone metastasis, bone
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scintigraphy is likely more cost effective than F18-
FDG PET/CT. F18-FDG PET/CT may be of use
when occult distant metastasis is suspected, which
may escape detection by other conventional imaging
modalities.

Colorectal cancer

Review of evidence: Review of evidence
found that for initial staging, F18-FDG PET/CT
had sensitivity and specificity of 54% and 80%
for lymph node staging, with slightly increased
sensitivity for detection of lymph node metastasis in
anal cancer where F18-FDG PET/CT had sensitivity
and specificity of 79% and 76%, respectively“!-?.
For diagnosis of liver metastasis, F18-FDG PET/
CT had sensitivity and specificity of 77% and 98%,
respectively, and changed clinical management in 10%
to 30% of cases®**». F18-FDG PET/CT was found to
have clear benefit in detection of disease recurrence
since it has superior accuracy compared with CT.
F18-FDG PET/CT had sensitivities and specificities
of 95% and 91% for detection of overall recurrence;
98% and 95% for detection of local recurrence; 86%
and 99% for detection of hepatic recurrence; 85%
and 95% for detection of extrahepatic recurrence; and
94% and 77% for detection of recurrence when CEA
is elevated®*7”. Regarding evaluation of response to
chemotherapy or radiation therapy, both F18-FDG
PET/CT and MRI had suboptimal sensitivity of
approximately 60% to 64% for this indication and
patients still need radical surgery even with negative
imaging7?.

Expert consensus: F18-FDG PET/CT cannot
replace CT or MRI for initial staging but would be
useful when CT or MRI yields equivocal findings
that could potentially impact clinical decision
making. F18-FDG PET/CT is useful for preoperative
evaluation when distant metastasis has been found by
other imaging modalities but is potentially resectable
with curative aim. F18-FDG PET/CT is useful for
detection of disease recurrence when there is elevated
CEA level and CT, or MRI is negative or equivocal.

Lung cancer

Review of evidence: From the literature review,
the sensitivity and specificity of F18-FDG PET/CT
for diagnosis of solitary pulmonary nodules is 96%
to 97% and 78% to 86%, respectively. This indicates
superiority to CT imaging, which has reported
sensitivity of 93% and specificity of 76%®%%). For
initial disease staging, F18-FDG PET/CT has been
found to detect unexpected distant metastasis in
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Table 1. Summary of recommendations from review of evidence and expert consensus for the use of F18-FDG
PET/CT in the ten most prevalent cancers in Thailand

Clinical indication

Review of evidence Expert consensus

Breast cancer
Preoperative lymph node staging
Detection of lymph node metastasis

Evaluation of response to preoperative neoadjuvant
chemotherapy

Detection of recurrence
Colorectal cancer

Disease staging

Detection of recurrence
Preoperative evaluation of recurrent disease

Evaluation of response to preoperative neoadjuvant
chemotherapy or chemoradiation

Lung cancer

Diagnosis of solitary pulmonary nodule

Initial staging

Diagnosis of recurrence

Radiation therapy planning

Uterine cervical cancer

Initial staging

Diagnosis of recurrence

Evaluation of response to chemotherapy or chemoradiation

Hepatobiliary cancers

Initial extrahepatic staging of HCC

Diagnosis of recurrence of HCC

Initial staging of gall bladder and bile duct cancers
Oral cavity cancer

Initial staging

Evaluation of response to therapy and detection of
recurrence

Radiation therapy planning

Lymphoma
Initial staging of Hodgkin lymphoma

Interim evaluation of response to chemotherapy in
Hodgkin lymphoma

No proven benefit Not routinely recommended

Possibly beneficial Not routinely recommended
Possibly beneficial Not routinely recommended
Possibly beneficial Not routinely recommended

Recommended only in cases with equivocal findings
on conventional imaging

Possibly beneficial

Beneficial Recommended

Beneficial Recommended

No proven benefit Not routinely recommended

Beneficial Recommended only in cases with equivocal findings
on conventional imaging
Beneficial Recommended in NSCLC patients planned for curative
treatment
Possibly beneficial Recommended only in cases with equivocal findings
on conventional imaging
Beneficial Recommended when FDG PET/CT findings may
change of treatment volume
Possibly beneficial Recommended for locally advanced stage IB uterine
cervical cancer
Possibly beneficial Recommended only in cases with equivocal findings

on conventional imaging

Selective use for restaging of disease before
proceeding to pelvic exenteration.

No proven benefit

Possibly beneficial Not routinely recommended

Possibly beneficial Not routinely recommended

No proven benefit Not routinely recommended

Possibly beneficial Recommended in stage Il and IV disease
Possibly beneficial =~ Recommended for evaluation of suspected recurrence
Possibly beneficial Recommended in locally advanced disease or when
CT cannot provide accurate delineation of tumor
volume, and when reirradiation of residual tumor is
considered
Beneficial Recommended
Beneficial Recommended

NSCLC=non-small cell lung cancer; FDG=fluoro-D-glucose; PET=positron emission tomography; CT=computed tomography;
DLBCL=diffuse large B-cell lymphoma; HCC=hepatocellular carcinoma
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Table 1. (continued)

Clinical indication

Review of evidence

Expert consensus

Evaluation of response after completion of chemotherapy
or radiation therapy in Hodgkin lymphoma and DLBCL

Esophageal cancer
Preoperative staging

Evaluation of response to preoperative chemotherapy or
chemoradiation

Radiation therapy planning

Evaluation of response to definitive radiation therapy or
chemoradiation

Diagnosis of recurrence

Initial staging

Evaluation of response to therapy and detection of
residual disease

Radiation therapy planning

Ovarian cancer
Diagnosis of pelvic masses
Intraabdominal staging

Diagnosis of recurrence

Beneficial

No proven benefit

Possibly beneficial

Beneficial

Possibly beneficial

Possibly beneficial

Possibly beneficial

Possibly beneficial

Possibly beneficial

Possibly beneficial
No proven benefit

Possibly beneficial

Recommended

Not routinely recommended

Not routinely recommended

Recommended

Recommended, especially when residual disease
which may need salvage surgery is suspected

Not routinely recommended

Recommended in advanced stage disease and poorly
differentiated tumors

Recommended, especially when residual disease
which may need salvage surgery is suspected

Recommended when FDG PET/CT findings may
change of treatment volume

Not routinely recommended
Not routinely recommended

Recommended only in cases with equivocal findings
on conventional imaging

NSCLC=non-small cell lung cancer; FDG=fluoro-D-glucose; PET=positron emission tomography; CT=computed tomography;
DLBCL=diffuse large B-cell lymphoma; HCC=hepatocellular carcinoma

Table 2. Summary of recommendations for the use of F18-FDG PET/CT in neurological disease from review of

evidence and expert consensus

Clinical indication

Review of evidence

Expert consensus

Diagnostic evaluation of atypical Alzheimer disease

Diagnostic evaluation of idiopathic Parkinson disease

Differentiating between idiopathic Parkinson disease
and atypical parkinsonism

Preoperative localization of epileptogenic zone

Beneficial

Possibly beneficial

Possibly beneficial

Beneficial

Recommended especially when the differential
diagnoses are between Alzheimer disease and
frontotemporal dementia

Recommended for differentiating between
idiopathic Parkinson disease and drug-induced
parkinsonism

Not routinely recommended

Recommended in patients with intractable
epilepsy with negative intracranial EEG and
undermined epileptogenic zone

EEG=electroencephalogram

Table 3. Summary of recommendations for the use of F18-FDG PET/CT in cardiology from review of evidence

and expert consensus.

Clinical indication

Review of evidence

Expert consensus

Diagnosis of coronary artery disease

Determination of myocardial viability

Beneficial

Beneficial

Not routinely recommended

Recommended only in cases with equivocal
cardiac MRI findings
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24% of cases and changing management in 20% of
cases®. For T-staging, traditional F18-FDG PET/
CT using non-contrast CT is inferior to conventional
CT or MRI, but this limitation can be overcomed
by using contrast in the CT portion of the study. For
detection of lymph node metastasis, F18-FDG PET/
CT has been found to have overall sensitivity of
67% to 90% and specificity of 83% to 95%, which
is greater than conventional CT, which was found to
have sensitivity of 55% and specificity of 81%3109,
F18-FDG PET/CT is particularly useful in excluding
lymph node metastasis. In patients with NSCLC of less
than 3 cm in diameter, located at the peripheral third
of the lung, and no enlarged lymph node on the CT
image, a negative F18-FDG PET/CT has a negative
predictive value of 94%. No further mediastinal
staging is recommended for these patients!'*®. F18-
FDG PET/CT is particularly useful in detection of
distant metastasis with sensitivity and specificity
of 91% to 93% and 95% to 98%, respectively.
Corresponding values for bone scintigraphy for
diagnosis of bone metastasis are 87% and 82%,
respectively-19) Studies comparing F18-FDG
PET/CT with conventional CT also found that F18-
FDG PET/CT was more sensitive and specific for
diagnosis of distant metastasis®®!'"*!"D_ For detection
of distant metastasis to specific sites, F18-FDG PET/
CT had poor sensitivity of 24% to 27% for detection
of brain metastasis but 97% sensitive for detection of
adrenal gland metastasis, with an overall specificity
of 91%1>1'9 For detection of pleural metastasis
F18-FDG PET/CT was 86% sensitive and 80%
specific!'®. Studies regarding the application of F18-
FDG PET/CT in small cell lung cancer (SCLC) are
not as abundant compared with NSCLC. Some studies
have found that F18-FDG PET/CT changed disease
staging from limited disease to extensive disease in
about 6% to 33% of cases and down-staged disease
in 3% to 14%. Overall, F18-FDG PET/CT changes
management in 16% to 38% of SCLC cases"'¢!!",
For diagnosis and localization of disease recurrence
in lung cancer, F18-FDG PET/CT had sensitivity and
specificity of approximately 90%, while conventional
CT has been found to have corresponding values of
78% and 80%, respectively!'*!"9) F18-FDG PET/
CT has been proposed to be beneficial in radiation
therapy planning. Results from well-designed
randomized controlled trials are needed, but results
from preliminary reports have suggested that F18-
FDG PET/CT provides a more accurate target than CT
since F18-FDG PET/CT can differentiate between the
primary tumor and adjacent atelectasis. Planning with
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F18-FDG PET/CT has also been suggested to reduce
recurrence and prolong survival.

Expert consensus: F18-FDG PET/CT should
be used for initial staging of patients with NSCLC,
especially those who are candidates for curative
treatment. Current reimbursement criteria should be
amended in that bone scintigraphy and conventional
CT should not be prerequisites before performing F18-
FDG PET/CT, since F18-FDG PET/CT is superior
to both of these conventional imaging modalities.
Therefore, mandating that patients need to undergo
CT and bone scintigraphy before proceeding to F18-
FDG PET/CT would only increase cost. The panel also
recommends removing the criterion that only patients
with Karnofsky performance score (KPS) of more than
70 are eligible for F18-FDG PET/CT, since patients
with KPS of less than 70 may also be fit enough for
curative surgical treatment. For patients with T1
disease detected by conventional imaging, obtaining
tissue diagnosis before performing F18-FDG PET/
CT may be difficult and not practical, therefore,
removal of this criterion for reimbursement should be
considered. F18-FDG PET/CT is useful in radiation
therapy planning, especially in patients with CT
findings that cannot differentiate between atelectasis
and the primary tumor. F18-FDG PET/CT may be
useful and should be considered in patients with
suspected disease recurrence and non-diagnostic CT
findings. F18-FDG PET/CT is not useful and should
not be done in patients with advances stage disease
with distant metastasis readily found on conventional
imaging, those with bulky disease, extensive lymph
node metastasis i.e., conditions that clearly preclude
curative surgical resection.

Uterine cervical cancer

Review of evidence: From review of literature,
the overall sensitivity and specificity of F18-FDG
PET/CT for staging of uterine cervical cancer is 75%
and 96%, respectively. For N-staging, F18-FDG PET/
CT has been found to have sensitivity and specificity
of 82% and 95%, respectively, which is superior to
CT and MRI, which have corresponding values of
50% to 56% and 91% to 92%, respectively!2*-127,
For diagnosis of disease recurrence, F18-FDG PET/
CT has overall sensitivity of 94% and specificity of
84%, while CT and MRI have corresponding values of
89% and 87%, and 82% and 78%, respectively!!28139),
A negative F18-FDG PET/CT at the end of treatment
was also found to be predictive of lower rates of
recurrence”.

However, economic studies by Meads et al*® and
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Auguste et al*? suggested that F18-FDG PET/CT was
not cost-effective when compared with CT and MRI,
since F18-FDG PET/CT had an incremental cost-
effectiveness ratio (ICER) of more than £1 million
per quality-adjusted life-year (QALY), compared
with the incremental cost increase of £600,000 for
each recurrence. For evaluation of response to either
chemotherapy and radiation therapy, both F18-FDG
PET/CT and MRI did not have sufficient sensitivity
for exclusion of residual disease after completion of
treatment 414D,

Expert consensus: F18-FDG PET/CT is likely
beneficial for staging of locally advanced stage 1B
uterine cervical cancer, especially for detection of
regional lymph node and extrapelvic metastasis that
would impact therapeutic decisions. F18-FDG PET/
CT is also likely beneficial for restaging of disease
before proceeding to pelvic exenteration.

Hepatobiliary cancers

Review of evidence: There are no clear guidelines
for use of F18-FDG PET/CT in cholangiocarcinoma
and gall bladder cancer, but some retrospective
studies have determined that F18-FDG PET/CT may
be helpful in patients who are candidates for surgical
treatment as the modality may help identify disease
spreads to regional lymph nodes!**'*Y, From review
of literature, for hepatocellular carcinoma (HCC),
F18-FDG PET/CT has sensitivity and specificity of
approximately 79% and 92%, respectively!*'*? for
diagnosis of extrahepatic metastasis. For diagnosis of
disease recurrence, F18-FDG PET/CT has sensitivity
and specificity of 76% and 93%, respectively, and is
useful in patients with negative anatomical imaging
but elevated serum tumor markers!**!3. Only two
studies regarding F18-FDG PET/CT in gall bladder
cancer and cholangiocarcinoma were available. These
studies determined for disease staging, F18-FDG PET/
CT had sensitivity and specificity of 62% to 84% and
75%to 94%, respectively44152),

Expert consensus: For HCC, F18-FDG PET/
CT is likely not beneficial for disease staging since
diagnostic accuracy of F18-FDG PET/CT is not
significantly superior to CT or MRI. For detection
of recurrence, F18-FDG PET/CT is also not likely
beneficial since most recurrences are intrahepatic
in nature. Even in patients with elevated alpha-
fetoprotein (AFP) and negative CT or MRI, F18-FDG
PET/CT would likely play little role because in this
scenario, it is more likely that AFP is elevated due to
other causes such has liver cirrhosis or hepatitis rather
than due to tumor recurrence. F18-FDG PET/CT has
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limited value in the staging of cholangiocarcinoma,
because CT and MRI already have good diagnostic
accuracy. F18-FDG PET/CT is disadvantageous in
diagnosis of regional lymph node metastasis, because
concomitant cholangitis can occur in patients with
cholangiocarcinoma may result in falsely positive
lymph nodes on F18-FDG PET/CT. For detection of
distant metastasis, F18-FDG PET/CT does not have
clear benefits since the prevalence of distant metastasis
from cholangiocarcinoma is low.

Cancer of the oral cavity

Review of literature: From review of literature,
in the initial staging of oral cavity cancer, F18-FDG
PET/CT has lower sensitivity and specificity than MRI
for T-staging, comparable sensitivity and specificity
to CT and MRI for N-staging, and is superior to CT
and MRI for M-staging with sensitivity and specificity
for diagnosis of distant metastasis of 89% and 95%,
respectively3*192, For evaluation of response to
therapy and detection of disease recurrence, F18-
FDG PET/CT has sensitivity and specificity of 92%
and 91%, respectively, if done more than 12 weeks
after completion of treatment'**'%. For planning of
radiation therapy, F18-FDG PET/CT has been found
to be superior to CT for delineation of tumor volume
as well as superior to CT and MRI for N-staging.

Expert consensus: F18-FDG PET/CT could be
beneficial for initial staging of tumors located in
areas difficult to assess by CT and MRI. The modality
should be considered in patients with locally advanced
stage 11 and IV disease before initiation of radiation
or chemoradiation therapy with curative intent. For
radiation therapy planning, F18-FDG PET/CT should
be considered for routine planning of patients with
locally advanced stage disease, in patients that CT
cannot provide accurate delineation of tumor volume,
and in cases where reirradiation of residual tumor is
considered. F18-FDG PET/CT is also recommended
for diagnosis of recurrent disease because anatomical
imaging is generally limited in this scenario due to
anatomical distortions from treatment.

Lymphoma

Review of literature: From review of literature,
F18-FDG PET/CT has been found to have 90%
sensitivity and 86% specificity for diagnosis of
bone marrow involvement from lymphoma¢7-1,
Bone marrow biopsy may be omitted in patients
with negative bone marrow uptake as demonstrated
by F18-FDG PET/CT. For interim assessment of
response to chemotherapy in Hodgkin lymphoma,
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F18-FDG PET/CT is 73% sensitive and 84% specific
for predicting eventual treatment failure!!”>'8". For
restaging after completion of therapy, F18-FDG PET/
CT has sensitivity of 74% to 100% and specificity of
92% to 99%, respectively8>184,

Expert consensus: For Hodgkin lymphoma and
diffuse large B-cell lymphoma (DLBCL), F18-FDG
PET/CT is recommended for initial staging, interim
evaluation of response to treatment, and evaluation
of response after of treatment completion. F18-FDG
PET/CT should also be considered for planning before
initiation of radiation therapy and after completion of
neoadjuvant chemotherapy since F18-FDG PET/CT
provides more accurate tumor volume delineation.

Esophageal cancer

Review of literature: From review of literature
of use of F18-FDG PET/CT in esophageal cancer,
for preoperative lesion localization, on a lesion-
based analysis, F18-FDG PET/CT had sensitivity
and specificity of 43%, and 99%%5-1), respectively,
whereas the sensitivity was 56% and 72% on a patient-
based analysis!#:1921%_ For evaluation of response to
preoperative chemotherapy or chemoradiation, using
delta-SUV between baseline and post-therapeutic
scans, a reduction of SUV by 42% to 70% resulted in
prediction of therapeutic response with 81% sensitivity
and 80% specificity, when using histopathological
diagnosis as the gold standard®-**), For radiation
therapy planning, F18-FDG PET/CT was found to be
superior to conventional CT for delineation of gross
tumor volume (GTV). GTV from CT was found to
be discrepant from that obtained from F18-FDG
PET/CT®%:29) which could result in inappropriate
planning tumor volume (PTV) or geographic miss of
tumor lesions while unnecessarily irradiating normal
tissue®’2% . One study found that 84% of patients
had altered GTV when imaged with F18-FDG PET/
CT in addition to conventional CT?%). For diagnosis
of recurrence, on a lesion-based analysis, F18-FDG
PET/CT was found to have sensitivity and specificity
0f 96% and 60%, respectively, whereas on a patient-
based analysis, the sensitivity and specificity was 96%
and 67%, respectively. Conventional CT, on the other
hand, had comparably high sensitivity of 97% on both
lesion-based and patient-based readings, but markedly
lower specificity of 36% and 21% for lesion-based and
patient-based readings, respectively®'”.

Expert consensus: The expert panel agreed that
F18-FDG PET/CT is very useful for radiation therapy
planning since most Thai patients have squamous
cell carcinoma that requires treatment with radiation
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therapy as compared with Caucasian patients that
typically have adenocarcinoma requiring surgical
treatment. F18-FDG PET/CT provides more accurate
GTV and PTV delineation than conventional CT
especially for lymph node metastasis localization.
F18-FDG PET/CT is also useful and should be done
to assess residual disease after radiation therapy, which
would require further salvage surgery.

Nasopharyngeal carcinoma

Review of literature: The sensitivity and
specificity of F18-FDG PET/CT has been found to be
96%, 94%, respectively, which were significantly better
than those of CT, which had corresponding values of
71% and 76%, respectively®'). For lymph node staging
FDG PET/CT was found to have sensitivity of 97%
to 100% and specificity of 73% to 97%, respectively
whereas MRI had corresponding values of 84% to
92%, of 73% to 97%, respectively®'>2'Y, For detection
of distant metastasis at initial staging, a meta-analysis
found that F18-FDG PET/CT had pooled sensitivity
and specificity of 83% and 97%, respectively@'?,

Expert consensus: For nasopharyngeal carcinoma,
F18-FDG PET/CT is particularly useful in radiation
therapy planning. Moreover, Thai patients commonly
have undifferentiated, poorly differentiated, or
non-keratinizing tumors that are more aggressive
than those typically found in Caucasian patients.
Thus, extensive staging imaging including head
and neck CT, chest CT, upper abdominal CT, and
bone scintigraphy are generally performed in Thai
patients. For this reason, it is conceivable that F18-
FDG PET/CT could potentially serve as a one-stop
imaging in these patients. F18-FDG PET/CT is also
useful for evaluation of patients whose CT or MRI
finding are non-diagnostic. Additionally, F18-FDG
PET/CT is beneficial for evaluation of response to
radiation or chemoradiation to identify patients with
residual disease that requires salvage surgery. In this
setting F18-FDG PET/CT is advantageous compared
with anatomical imaging since patients with head
and neck cancers often have distortion of anatomical
structures that would complicate structural imaging
interpretation.

Ovarian cancer

Review of literature: From review of literature,
F18-FDG PET/CT was found to have sensitivity and
specificity of 89% and 92% for diagnosis of malignant
pelvic masses®!'???_ For diagnostic staging of
intraabdominal disease extent, F18-FDG PET/CT was
51% to 83% sensitive and 68% to 98% specific@22),

] Med Assoc Thai | Vol.102 | No.7 | July 2019



whereas CT had sensitivity of 41% and specificity of
92%@*, However, F18-FDG PET/CT had increased
probability of being falsely negative in lesions less
than 0.5 cm in diameter and in patients with peritoneal
carcinomatosis. For detection disease recurrence,
F18-FDG PET/CT was found to have sensitivity and
specificity of 94% and 92%, respectively®-**» and
is particularly useful in those patients with elevated
tumor markers.

Expert consensus: F18-FDG PET/CT has no
primary role in diagnosis of malignant pelvic masses
since there are already robust diagnostic guidelines.
For example, germ cell tumors are evaluated by tumor
markers and epithelial cell tumors need surgical
exploration. Similarly, surgical staging is the mainstay
of diagnostic staging of ovarian cancers, thus F18-
FDG PET/CT also has no primary role. However, F18-
FDG PET/CT may be considered when recurrence
is suspected due to elevated tumor markers and
evaluation with CT or MRI yields equivocal results.

F18-FDG PET/CT in neurological diseases

Review of literature: For evaluation of dementias,
F18-FDG PET/CT was found to have overall sensitivity
and specificity of 90% and 87%%*2%D respectively.
For differentiating Alzheimer disease from other
dementias, whereas amyloid PET radiopharmaceuticals
have corresponding values ranging between 88% to
97% and 85% to 95%, respectively?**24-247 PET/
CT imaging has also been used for evaluation of
patients with movement disorders. L-3,4-dihydroxy-
6-(18F)fluorophenylalanine (F18-FDOPA) PET/CT
has been found to have sensitivity and specificity of
83% to 97% and 100%, respectively for diagnosis of
idiopathic Parkinson disease®'*?. F18-FDG PET/
CT has been used to differentiate between idiopathic
Parkinson disease and other movement disorders
with sensitivity and specificity ranging from 81% to
95% and 91% to 100%, respectively®*25%, Several
imaging modalities including electroencephalogram
(EEG), MR, ictal single photo emission computed
tomography (ictal SPECT), and interictal F18-FDG
PET/CT have been used for preoperative localization
of epileptogenic zone of in patients with refractory
focal epilepsy@2*). One study determined that
in patients with focal abnormality seen on MRI,
F18-FDG PET/CT successfully detected 87% of
epileptogenic zone with histopathological diagnosis
as the gold standard and 85% in patients with no
abnormality seen on MRI®*”, The same study reported
outcome after F18-FDG PET/CT guided surgery.
Response rate as determined by Engel class 1/11
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outcome was 88% and 80% in patients with positive
and negative MRI, respectively.

Expert consensus: For evaluation of dementias,
F18-FDG PET/CT is recommended for evaluation
of patients with suspected atypical Alzheimer’s
dementia, and for differentiating between Alzheimer’s
dementia and frontotemporal lobe dementia. For
evaluation of patients with mild cognitive impairment,
there is not strong enough evidence of benefit of
F18-FDG PET/CT. For patients with movement
disorder, F18-FDOPA PET/CT is recommended for
differentiating between idiopathic Parkinson disease
and drug-induced parkinsonism. For interictal brain,
F18-FDG PET/CT is recommended in patients with
intractable epilepsy with negative intracranial EEG
and undermined epileptogenic zone.

F18-FDG PET/CT in Cardiology

Review of evidence: In Cardiology, F18-FDG
PET/CT has been used for diagnosis of coronary
artery disease (CAD) and determination of myocardial
viability. From review of literature, PET/CT was
found to have sensitivity of 93% and specificity of
81%, respectively. Whereas the sensitivity of cardiac
MRI and SPECT myocardial perfusion imaging
(SPECT MPI) was 91% and 88%, respectively, and
specificity was 79% and 76%, respectively®**?7, For
determination of myocardial viability, one large meta-
analysis of studies with moderate quality determined
that F18-FDG PET/CT had a pooled sensitivity of
90%, pooled specificity of 73%, and a likelihood
ratio negative of 0.16%. Economic studies regarding
utility of F18-FDG PET/CT suggested that using F18-
FDG PET/CT would result in lower cost and positively
impact patient survival compared with SPECT@7>-277,

Expert consensus: For diagnosis of CAD, since
there are many imaging modalities with high accuracy
such as stress echocardiography, coronary CTA,
cardiac MRI, and SPECT MPI, the added cost of PET/
CT is unjustified. For determination of myocardial
viability, currently the diagnostic performance of
cardiac MRI is similar to that of F18-FDG PET/CT,
so MRI should be done first and F18-FDG PET/CT
be utilized on case of equivocal MRI findings.

Discussion

The present study was endorsed and funded by
the Health Intervention and Technology Assessment
Program (HITAP), a health technology assessment
research unit under Thailand’s Ministry of Public
Health. The authors aimed to examine available
evidence regarding the usefulness of F18-FDG PET/
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CT in the top ten most prevalent cancers in Thailand
as well as the modality’s usefulness in Neurology
and Cardiology. Available literature regarding
the diagnostic performance and impact on patient
management of F18-FDG PET/CT in each target
condition was reviewed, summarized, and assessed
while in light of the context regarding the country’s
disease burden, difference of disease characteristics
from western countries, and socioeconomic factors
in Thailand. The recommendations presented in this
article were reached by results from the reviewed
evidence and consensus of a panel of multidisciplinary
experts. From the review, in addition to the two
current reimbursable indications for F18-FDG PET/
CT i.e., staging of NSCLC aimed to be treated with
curative intent, and diagnosis of suspected colorectal
cancer recurrence based on rising CEA levels, the
authors and expert panel recommend many additional
indications that F18-FDG PET/CT should be covered
by current health insurance schemes to make this
powerful imaging modality more accessible to the
general public of the country. The authors did not
specifically state the indications that should be made
reimbursable, but instead, presented the available
evidence and expert consensus as a guide for policy
makers in future decisions of which indications to be
made reimbursable.

This review has several limitations. Due to time
constraints and the shear scope of the target conditions
being reviewed, full systematic reviews and meta-
analyses of the role of F18-FDG PET/CT in each
indication for each target condition could not be done.
Instead, the authors chose to summarize key evidence
for each indication of each target condition along with
input of the expert to reach the recommendations
presented herein. From review of evidence, a limited
number of economic research studies regarding F18-
FDG PET/CT has been done and none that would
likely fit the local context of Thailand. Therefore,
further studies in this regard may need to be conducted
with the national context as the focus.

In conclusion, the authors and expert panel posit
recommendations regarding indications where F18-
FDG PET/CT would be of benefit. This information
should help policy makers in deciding the indications
where F18-FDG PET/CT should made reimbursable in
the key health insurance schemes of Thailand to make
the modality most benefit the people of the country.

Conclusion

The present work, the authors reviewed the
available evidence and provided recommendations

829

regarding appropriate use of PET/CT in the ten
most common malignancies in Thailand, as well as
application in Cardiology and Neurology, taking
into account the context and disease burden of the
country. The authors believe that this work will
provide guidance for clinicians and policy makers to
make decisions regarding the appropriate utilization
of PET/CT.

What is already known on this topic?

PET/CT, especially using the radiophatmacuetical
F18-FDG, is a well-established imaging modality
in Oncology, with increasing use in Cardiology and
Neurology. International guidelines have outlined the
appropriate use of PET/CT in most cancers. However,
in Thailand, there are no appropriate use guidelines
for utilizing this imaging modality.

What this study adds?

This review is the first to review and recommend
appropriate use of PET/CT with regards to the disease
burden and context of Thailand. The authors graded
the appropriateness of use of PET/CT in the ten most
prevalent cancers in Thailand, as well as indications
in Cardiology and Neurology which should help
clinicians and policy makers in their decision of
utilizing PET/CT.

Acknowledgement

The authors extend their gratitude and thanks to
the Health Intervention and Technology Assessment
Program, Thailand, for funding and endorsement of
the present study.

Conflicts of interest
The authors declare no conflict of interest.

References

1. National Cancer Institute of Thailand. Description of the
leading site of cancers. In: Hospital based cancer registry
annual report. Bangkok: Eastern Printing Public; 2012. p. 34.

2. Chae BJ, Bae JS, Kang BJ, Kim SH, Jung SS, Song BJ.
Positron emission tomography-computed tomography in the
detection of axillary lymph node metastasis in patients with
early stage breast cancer. Jpn J Clin Oncol 2009;39:284-9.

3. Heusner TA, Kuemmel S, Hahn S, Koeninger A, Otterbach F,
Hamami ME, et al. Diagnostic value of full-dose FDG PET/
CT for axillary lymph node staging in breast cancer patients.
Eur J Nucl Med Mol Imaging 2009;36:1543-50.

4. KimJ, Lee J, Chang E, Kim S, Suh K, Sul J, et al. Selective
sentinel node plus additional non-sentinel node biopsy based
on an FDG-PET/CT scan in early breast cancer patients: single
institutional experience. World J Surg 2009;33:943-9.

5. Taira N, Ohsumi S, Takabatake D, Hara F, Takashima S,
Aogi K, et al. Determination of indication for sentinel lymph

] Med Assoc Thai | Vol.102 | No.7 | July 2019



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

node biopsy in clinical node-negative breast cancer using
preoperative 18F-fluorodeoxyglucose positron emission
tomography/computed tomography fusion imaging. Jpn J
Clin Oncol 2009;39:16-21.

Fuster D, Duch J, Paredes P, Velasco M, Munoz M, Santamaria
G, et al. Preoperative staging of large primary breast cancer
with [ 18F]fluorodeoxyglucose positron emission tomography/
computed tomography compared with conventional imaging
procedures. J Clin Oncol 2008;26:4746-51.

Ueda S, Tsuda H, Asakawa H, Omata J, Fukatsu K, Kondo
N, et al. Utility of 18F-fluoro-deoxyglucose emission
tomography/computed tomography fusion imaging (18F-FDG
PET/CT) in combination with ultrasonography for axillary
staging in primary breast cancer. BMC Cancer 2008;8:165.
Veronesi U, De Cicco C, Galimberti VE, Fernandez JR,
Rotmensz N, Viale G, et al. A comparative study on the value
of FDG-PET and sentinel node biopsy to identify occult
axillary metastases. Ann Oncol 2007;18:473-8.

Chung A, Liou D, Karlan S, Waxman A, Fujimoto K, Hagiike
M, et al. Preoperative FDG-PET for axillary metastases in
patients with breast cancer. Arch Surg 2006;141:783-8.
Park J, Byun BH, Noh WC, Lee SS, Kim HA, Kim EK, et al.
Lymph node to primary tumor SUV ratio by 18F-FDG PET/
CT and the prediction of axillary lymph node metastases in
breast cancer. Clin Nucl Med 2014;39:€249-53.

Riegger C, Koeninger A, Hartung V, Otterbach F, Kimmig
R, Forsting M, et al. Comparison of the diagnostic value of
FDG-PET/CT and axillary ultrasound for the detection of
lymph node metastases in breast cancer patients. Acta Radiol
2012;53:1092-8.

Segaert I, Mottaghy F, Ceyssens S, De Wever W, Stroobants
S, Van Ongeval C, et al. Additional value of PET-CT in
staging of clinical stage IIB and III breast cancer. Breast J
2010;16:617-24.

Heudel P, Cimarelli S, Montella A, Bouteille C, Mognetti
T. Value of PET-FDG in primary breast cancer based on
histopathological and immunohistochemical prognostic
factors. Int J Clin Oncol 2010;15:588-93.

Monzawa S, Adachi S, Suzuki K, Hirokaga K, Takao S, Sakuma
T, et al. Diagnostic performance of fluorodeoxyglucose-
positron emission tomography/computed tomography of
breast cancer in detecting axillary lymph node metastasis:
comparison with ultrasonography and contrast-enhanced CT.
Ann Nucl Med 2009;23:855-61.

Straver ME, Aukema TS, Olmos RA, Rutgers EJ, Gilhuijs KG,
Schot ME, et al. Feasibility of FDG PET/CT to monitor the
response of axillary lymph node metastases to neoadjuvant
chemotherapy in breast cancer patients. Eur J Nucl Med Mol
Imaging 2010;37:1069-76.

Riegger C, Herrmann J, Nagarajah J, Hecktor J, Kuemmel S,
Otterbach F, et al. Whole-body FDG PET/CT is more accurate
than conventional imaging for staging primary breast cancer
patients. Eur J Nucl Med Mol Imaging 2012;39:852-63.
Manohar K, Mittal BR, Senthil R, Kashyap R, Bhattacharya
A, Singh G. Clinical utility of F-18 FDG PET/CT in recurrent
breast carcinoma. Nucl Med Commun 2012;33:591-6.
Balci TA, Koc ZP, Komek H. Bone scan or (18)
f-fluorodeoxyglucose positron emission tomography/
computed tomography; which modality better shows bone
metastases of breast cancer? Breast Care (Basel) 2012;7:389-
93.

Niikura N, Costelloe CM, Madewell JE, Hayashi N, Yu
TK, Liu J, et al. FDG-PET/CT compared with conventional
imaging in the detection of distant metastases of primary
breast cancer. Oncologist 2011;16:1111-9.

] Med Assoc Thai | Vol.102 | No.7 | July 2019

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Koolen BB, Vrancken Peeters MJ, Aukema TS, Vogel WV,
Oldenburg HS, van der Hage JA, et al. I8F-FDG PET/CT as
a staging procedure in primary stage I and III breast cancer:
comparison with conventional imaging techniques. Breast
Cancer Res Treat 2012;131:117-26.

Hahn S, Heusner T, Kummel S, Koninger A, Nagarajah
J, Muller S, et al. Comparison of FDG-PET/CT and bone
scintigraphy for detection of bone metastases in breast cancer.
Acta Radiol 2011;52:1009-14.

Rong J, Wang S, Ding Q, Yun M, Zheng Z, Ye S. Comparison
of 18 FDG PET-CT and bone scintigraphy for detection of
bone metastases in breast cancer patients. A meta-analysis.
Surg Oncol 2013;22:86-91.

Choi YJ, Shin YD, Kang YH, Lee MS, Lee MK, Cho BS, et
al. The effects of preoperative (18)F-FDG PET/CT in breast
cancer patients in comparison to the conventional imaging
study. J Breast Cancer 2012;15:441-8.

Aukema TS, Rutgers EJ, Vogel WV, Teertstra HJ, Oldenburg
HS, Vrancken Peeters MT, et al. The role of FDG PET/CT
in patients with locoregional breast cancer recurrence: a
comparison to conventional imaging techniques. Eur J Surg
Oncol 2010;36:387-92.

Hong S, LiJ, Wang S. 18FDG PET-CT for diagnosis of distant
metastases in breast cancer patients. A meta-analysis. Surg
Oncol 2013;22:139-43.

Garcia Garcia-Esquinas MA, Arrazola GJ, Garcia-Saenz
JA, Furio-Bacete V, Fuentes Ferrer ME, Ortega CA, et al.
Predictive value of PET-CT for pathological response in
stages Il and 11 breast cancer patients following neoadjuvant
chemotherapy with docetaxel. Rev Esp Med Nucl Imagen Mol
2014;33:14-21.

Ogino K, Nakajima M, Kakuta M, Hayashi M, Yamaguchi S,
Tsuchioka T, et al. Utility of FDG-PET/CT in the evaluation of
the response of locally advanced breast cancer to neoadjuvant
chemotherapy. Int Surg 2014;99:309-18.

Zucchini G, Quercia S, Zamagni C, Santini D, Taffurelli M,
Fanti S, et al. Potential utility of early metabolic response
by 18F-2-fluoro-2-deoxy-D-glucose-positron emission
tomography/computed tomography in a selected group of
breast cancer patients receiving preoperative chemotherapy.
Eur J Cancer 2013;49:1539-45.

Tateishi U, Miyake M, Nagaoka T, Terauchi T, Kubota K,
Kinoshita T, et al. Neoadjuvant chemotherapy in breast cancer:
prediction of pathologic response with PET/CT and dynamic
contrast-enhanced MR imaging--prospective assessment.
Radiology 2012;263:53-63.

Keam B, Im SA, Koh Y, Han SW, Oh DY, Cho N, et al.
Early metabolic response using FDG PET/CT and molecular
phenotypes of breast cancer treated with neoadjuvant
chemotherapy. BMC Cancer 2011;11:452.

Song Z, Wang Z, Li LW, Chen JH, Wang J. Evaluation of
early response to neoadjuvant chemotherapy in breast cancer
patients by 18F-FDG and 99mTc-HL91 imaging. J Nucl Med
Radiat Ther 2010;1:1-5.

Schneider-Kolsky ME, Hart S, Fox J, Midolo P, Stuckey J,
Hofman M, et al. The role of chemotherapeutic drugs in the
evaluation of breast tumour response to chemotherapy using
serial FDG-PET. Breast Cancer Res 2010;12:R37.
Kumar A, Kumar R, Seenu V, Gupta SD, Chawla M, Malhotra
A, etal. The role of 18F-FDG PET/CT in evaluation of early
response to neoadjuvant chemotherapy in patients with locally
advanced breast cancer. Eur Radiol 2009;19:1347-57.

Duch J, Fuster D, Munoz M, Fernandez PL, Paredes P,
Fontanillas M, et al. 18F-FDG PET/CT for early prediction
of response to neoadjuvant chemotherapy in breast cancer.

830



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

831

Eur J Nucl Med Mol Imaging 2009;36:1551-7.

Chang HT, Hu C, Chiu YL, Peng NJ, Liu RS. Role of 2-[ 18F]
fluoro-2-deoxy-D-glucose-positron emission tomography/
computed tomography in the post-therapy surveillance of
breast cancer. PLoS One 2014;9:¢115127.

Murakami R, Kumita S, Yoshida T, Ishihara K, Kiriyama T,
Hakozaki K, et al. FDG-PET/CT in the diagnosis of recurrent
breast cancer. Acta Radiol 2012;53:12-6.

Dirisamer A, Halpern BS, Flory D, Wolf F, Beheshti M,
Mayerhoefer ME, et al. Integrated contrast-enhanced
diagnostic whole-body PET/CT as a first-line restaging
modality in patients with suspected metastatic recurrence of
breast cancer. Eur J Radiol 2010;73:294-9.

Filippi V, Malamitsi J, Vlachou F, Laspas F, Georgiou E,
Prassopoulos V, et al. The impact of FDG-PET/CT on the
management of breast cancer patients with elevated tumor
markers and negative or equivocal conventional imaging
modalities. Nucl Med Commun 2011;32:85-90.

Haug AR, Schmidt GP, Klingenstein A, Heinemann V, Stieber
P, Priebe M, et al. F-18-fluoro-2-deoxyglucose positron
emission tomography/computed tomography in the follow-
up of breast cancer with elevated levels of tumor markers. J
Comput Assist Tomogr 2007;31:629-34.

Radan L, Ben Haim S, Bar-Shalom R, Guralnik L, Israel O.
The role of FDG-PET/CT in suspected recurrence of breast
cancer. Cancer 2006;107:2545-51.

Lu YY, Chen JH, Ding HJ, Chien CR, Lin WY, Kao CH. A
systematic review and meta-analysis of pretherapeutic lymph
node staging of colorectal cancer by 18F-FDG PET or PET/
CT. Nucl Med Commun 2012;33:1127-33.

Tsunoda Y, Ito M, Fujii H, Kuwano H, Saito N. Preoperative
diagnosis of lymph node metastases of colorectal cancer by
FDG-PET/CT. Jpn J Clin Oncol 2008;38:347-53.

Tateishi U, Maeda T, Morimoto T, Miyake M, Arai Y, Kim EE.
Non-enhanced CT versus contrast-enhanced CT in integrated
PET/CT studies for nodal staging of rectal cancer. Eur J Nucl
Med Mol Imaging 2007;34:1627-34.

Furukawa H, Ikuma H, Seki A, Yokoe K, Yuen S, Aramaki T,
et al. Positron emission tomography scanning is not superior to
whole body multidetector helical computed tomography in the
preoperative staging of colorectal cancer. Gut 2006;55:1007-
11.

Sveistrup J, Loft A, Berthelsen AK, Henriksen BM, Nielsen
MB, Engelholm SA. Positron emission tomography/computed
tomography in the staging and treatment of anal cancer. Int J
Radiat Oncol Biol Phys 2012;83:134-41.

Bannas P, Weber C, Adam G, Frenzel T, Derlin T, Mester J,
et al. Contrast-enhanced [(18)F]fluorodeoxyglucose-positron
emission tomography/computed tomography for staging and
radiotherapy planning in patients with anal cancer. Int J Radiat
Oncol Biol Phys 2011;81:445-51.

Engledow AH, Skipworth JR, Blackman G, Groves A,
Bomanji J, Warren SJ, et al. The role of (1)(8)fluoro-
deoxy glucose combined position emission and computed
tomography in the clinical management of anal squamous
cell carcinoma. Colorectal Dis 2011;13:532-7.

Mistrangelo M, Pelosi E, Bello M, Castellano I, Cassoni P,
Ricardi U, et al. Comparison of positron emission tomography
scanning and sentinel node biopsy in the detection of inguinal
node metastases in patients with anal cancer. Int J Radiat
Oncol Biol Phys 2010;77:73-8.

Cotter SE, Grigsby PW, Siegel BA, Dehdashti F, Malyapa RS,
Fleshman JW, et al. FDG-PET/CT in the evaluation of anal
carcinoma. Int J Radiat Oncol Biol Phys 2006;65:720-5.
Niekel MC, Bipat S, Stoker J. Diagnostic imaging of colorectal

51,

52.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

liver metastases with CT, MR imaging, FDG PET, and/or FDG
PET/CT: a meta-analysis of prospective studies including
patients who have not previously undergone treatment.
Radiology 2010;257:674-84.

Engledow AH, Skipworth JR, Pakzad F, Imber C, Ell PJ,
Groves AM. The role of 18FDG PET/CT in the management
of colorectal liver metastases. HPB (Oxford) 2012;14:20-5.
Spatz J, Holl G, Sciuk J, Anthuber M, Arnholdt HM, Markl
B. Neoadjuvant chemotherapy affects staging of colorectal
liver metastasis--a comparison of PET, CT and intraoperative
ultrasound. Int J Colorectal Dis 2011;26:165-71.

Nahas CS, Akhurst T, Yeung H, Leibold T, Riedel E,
Markowitz AJ, et al. Positron emission tomography detection
of distant metastatic or synchronous disease in patients
with locally advanced rectal cancer receiving preoperative
chemoradiation. Ann Surg Oncol 2008;15:704-11.

LuYY, Chen JH, Chien CR, Chen WT, Tsai SC, Lin WY, et
al. Use of FDG-PET or PET/CT to detect recurrent colorectal
cancer in patients with elevated CEA: a systematic review and
meta-analysis. Int J Colorectal Dis 2013;28:1039-47.
Panagiotidis E, Datseris IE, Rondogianni P, Vlontzou E,
Skilakaki M, Exarhos D, et al. Does CEA and CA 19-9
combined increase the likelihood of 18F-FDG in detecting
recurrence in colorectal patients with negative CeCT? Nucl
Med Commun 2014;35:598-605.

Chiewvit S, Jiranantanakorn T, Apisarnthanarak P,
Kanchaanapiboon P, Hannanthawiwat C, Ubolnuch K, et al.
Detection of recurrent colorectal cancer by 18F-FDG PET/
CT comparison with contrast enhanced CT scan. J Med Assoc
Thai 2013;96:703-8.

Peng NJ, Hu C, King TM, Chiu YL, Wang JH, Liu RS.
Detection of resectable recurrences in colorectal cancer
patients with 2-[18F]fluoro-2-deoxy-D-glucose-positron
emission tomography/computed tomography. Cancer Biother
Radiopharm 2013;28:479-87.

Choi EK, Yoo I, Park HL, Choi HS, Han EJ, Kim SH, et al.
Value of surveillance (18)F-FDG PET/CT in colorectal cancer:
comparison with conventional imaging studies. Nucl Med Mol
Imaging 2012;46:189-95.

Sanli Y, Kuyumcu S, Ozkan ZG, Kilic L, Balik E, Turkmen
C, et al. The utility of FDG-PET/CT as an effective tool for
detecting recurrent colorectal cancer regardless of serum CEA
levels. Ann Nucl Med 2012;26:551-8.

Fiocchi F, Iotti V, Ligabue G, Malavasi N, Luppi G, Bagni B,
et al. Role of carcinoembryonic antigen, magnetic resonance
imaging, and positron emission tomography-computed
tomography in the evaluation of patients with suspected local
recurrence of colorectal cancer. Clin Imaging 2011;35:266-73.
Bamba Y, Itabashi M, Kameoka S. Clinical use of PET/
CT in peritoneal carcinomatosis from colorectal cancer.
Hepatogastroenterology 2012;59:1408-11.

Lee JH, Park SG, Jee KN, Park DG, Namgung H, Song IH.
Performance of FDG PET/CT in postoperative colorectal
cancer patients with a suspected recurrence and a normal
CEA level. Nucl Med Commun 2010;31:576-82.

Shamim SA, Kumar R, Halanaik D, Shandal V, Reddy RM,
Bal CS, et al. Role of FDG-PET/CT in detection of recurrent
disease in colorectal cancer. Nucl Med Commun 2010;31:590-
6.

Shyn PB, Madan R, Wu C, Erturk SM, Silverman SG. PET/CT
pattern analysis for surgical staple line recurrence in patients
with colorectal cancer. AJR Am J Roentgenol 2010;194:414-
21.

Schmidt GP, Baur-Melnyk A, Haug A, Utzschneider S,
Becker CR, Tiling R, et al. Whole-body MRI at 1.5 T and 3

] Med Assoc Thai | Vol.102 | No.7 | July 2019



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

T compared with FDG-PET-CT for the detection of tumour
recurrence in patients with colorectal cancer. Eur Radiol
2009;19:1366-78.

Orlacchio A, Schillaci O, Fusco N, Broccoli P, Maurici M,
Yamgoue M, et al. Role of PET/CT in the detection of liver
metastases from colorectal cancer. Radiol Med 2009;114:571-
85.

Nakamoto Y, Sakamoto S, Okada T, Senda M, Higashi T,
Saga T, et al. Clinical value of manual fusion of PET and CT
images in patients with suspected recurrent colorectal cancer.
AJR Am J Roentgenol 2007;188:257-67.

Chen LB, Tong JL, Song HZ, Zhu H, Wang YC. (18)F-DG
PET/CT in detection of recurrence and metastasis of colorectal
cancer. World J Gastroenterol 2007;13:5025-9.

Bellomi M, Rizzo S, Travaini LL, Bazzi L, Trifiro G, Zampino
MG, et al. Role of multidetector CT and FDG-PET/CT in the
diagnosis of local and distant recurrence of resected rectal
cancer. Radiol Med 2007;112:681-90.

Votrubova J, Belohlavek O, Jaruskova M, Oliverius M,
Lohynska R, Trskova K, et al. The role of FDG-PET/CT in
the detection of recurrent colorectal cancer. Eur J Nucl Med
Mol Imaging 2006;33:779-84.

Aiba T, Uehara K, Nihashi T, Tsuzuki T, Yatsuya H, Yoshioka
Y, et al. MRI and FDG-PET for assessment of response to
neoadjuvant chemotherapy in locally advanced rectal cancer.
Ann Surg Oncol 2014;21:1801-8.

Bampo C, Alessi A, Fantini S, Bertarelli G, de Braud F,
Bombardieri E, et al. Is the standardized uptake value of
FDG-PET/CT predictive of pathological complete response in
locally advanced rectal cancer treated with capecitabine-based
neoadjuvant chemoradiation? Oncology 2013;84:191-9.
Guillem JG, Ruby JA, Leibold T, Akhurst TJ, Yeung HW,
Gollub MJ, et al. Neither FDG-PET Nor CT can distinguish
between a pathological complete response and an incomplete
response after neoadjuvant chemoradiation in locally
advanced rectal cancer: a prospective study. Ann Surg
2013;258:289-95.

Chennupati SK, Quon A, Kamaya A, Pai RK, La T, Krakow
TE, et al. Positron emission tomography for predicting
pathologic response after neoadjuvant chemoradiotherapy for
locally advanced rectal cancer. Am J Clin Oncol 2012;35:334-
9.

Ippolito D, Monguzzi L, Guerra L, Deponti E, Gardani
G, Messa C, et al. Response to neoadjuvant therapy in
locally advanced rectal cancer: assessment with diffusion-
weighted MR imaging and 18FDG PET/CT. Abdom Imaging
2012;37:1032-40.

Perez RO. Predicting response to neoadjuvant treatment for
rectal cancer: a step toward individualized medicine. Dis
Colon Rectum 2011;54:1057-8.

Calvo FA, Cabezon L, Gonzalez C, Soria A, de laMD, Gomez-
Espi M, et al. (18)F-FDG PET bio-metabolic monitoring of
neoadjuvant therapy effects in rectal cancer: focus on nodal
disease characteristics. Radiother Oncol 2010;97:212-6.
Janssen MHM, Ollers MC, van Stiphout RGPM, Buijsen
J, van den Bogaard J, de Ruysscher D, et al. Evaluation of
early metabolic responses in rectal cancer during combined
radiochemotherapy or radiotherapy alone: sequential FDG-
PET-CT findings. Radiother Oncol 2010;94:151-5.
Kristiansen C, Loft A, Berthelsen AK, Graff J, Lindebjerg
J, Bisgaard C, et al. PET/CT and histopathologic response
to preoperative chemoradiation therapy in locally advanced
rectal cancer. Dis Colon Rectum 2008;51:21-5.

Kim SK, Allen-Auerbach M, Goldin J, Fueger BJ, Dahlbom
M, Brown M, et al. Accuracy of PET/CT in characterization

] Med Assoc Thai | Vol.102 | No.7 | July 2019

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

of solitary pulmonary lesions. J Nucl Med 2007;48:214-20.
Gould MK, Donington J, Lynch WR, Mazzone PJ, Midthun
DE, Naidich DP, et al. Evaluation of individuals with
pulmonary nodules: when is it lung cancer? Diagnosis and
management of lung cancer, 3rd ed: American College of
Chest Physicians evidence-based clinical practice guidelines.
Chest 2013;143:¢93S-120S.

Cho A, Hur J, Kang WJ, Cho HJ, Lee JH, Yun M, et
al. Usefulness of FDG PET/CT in determining benign
from malignant endobronchial obstruction. Eur Radiol
2011;21:1077-87.

Yi CA, Lee KS, Shin MH, Cho Y'Y, Choi YH, Kwon OJ, et al.
Low-dose CT screening in an Asian population with diverse
risk for lung cancer: A retrospective cohort study. Eur Radiol
2015;25:2335-45.

Aukema TS, Valdes Olmos RA, Klomp HM, Teertstra HJ,
Belderbos JS, Vogel WV, et al. Evaluation of (18)F-FDG
PET-CT for differentiation of pulmonary pathology in an
approach of outpatient fast track assessment. J Thorac Oncol
2009;4:1226-30.

Liu S, Cheng H, Yao S, Wang C, Han G, Li X, et al. The
clinical application value of PET/CT in adenocarcinoma
with bronchioloalveolar carcinoma features. Ann Nucl Med
2010;24:541-7.

WuY, Li P, Zhang H, Shi'Y, Wu H, Zhang J, et al. Diagnostic
value of fluorine 18 fluorodeoxyglucose positron emission
tomography/computed tomography for the detection of
metastases in non-small-cell lung cancer patients. Int ] Cancer
2013;132:E37-47.

Fischer B, Lassen U, Mortensen J, Larsen S, Loft A, Bertelsen
A, et al. Preoperative staging of lung cancer with combined
PET-CT. N Engl J Med 2009;361:32-9.

Ravenel JG, Rosenzweig KE, Kirsch J, Ginsburg ME, Kanne
JP, Kestin LL, et al. ACR Appropriateness criteria non-
invasive clinical staging of bronchogenic carcinoma. J] Am
Coll Radiol 2014;11:849-56.

Maziak DE, Darling GE, Inculet R1, Gulenchyn K, Driedger
AA, Ung YC, et al. Positron emission tomography in staging
early lung cancer: a randomized trial. Ann Intern Med
2009;151:221-48.

LiL,RenS, Zhang Y, GuanY, Zhao J, Liu J, et al. Risk factors
for predicting the occult nodal metastasis in T1-2NOMO
NSCLC patients staged by PET/CT: potential value in the
clinic. Lung Cancer 2013;81:213-7.

Taus A, Aguilé R, Curull V, Sudrez-Pifiera M, Rodriguez-
Fuster A, Rodriguez de Dios N, et al. Impact of 18F-FDG
PET/CT in the treatment of patients with non-small cell lung
cancer. Arch Bronconeumol 2014;50:99-104.

Lee ST, Berlangieri SU, Poon AM, Mitchell P, Pathmara;j K,
Tabone K, et al. Prevalence of occult metastatic disease in
patients undergoing 18F-FDG PET for primary diagnosis or
staging of lung carcinoma and solitary pulmonary nodules.
Intern Med J 2007;37:753-9.

Pak K, Park S, Cheon GJ, Kang KW, Kim 1J, Lee DS, et
al. Update on nodal staging in non-small cell lung cancer
with integrated positron emission tomography/computed
tomography: a meta-analysis. Ann Nucl Med 2015;29:409-19.
Hishida T, Yoshida J, Nishimura M, Nishiwaki Y, Nagai K.
Problems in the current diagnostic standards of clinical N1
non-small cell lung cancer. Thorax 2008;63:526-31.

Wang J, Welch K, Wang L, Kong FM. Negative predictive
value of positron emission tomography and computed
tomography for stage T1-2N0 non-small-cell lung cancer: a
meta-analysis. Clin Lung Cancer 2012;13:81-9.
Gomez-Caro A, Boada M, Cabainas M, Sanchez M, Arguis P,

832



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

833

Lomena F, et al. False-negative rate after positron emission
tomography/computer tomography scan for mediastinal
staging in cl stage non-small-cell lung cancer. Eur J
Cardiothorac Surg 2012;42:93-100.

Lee PC, Port JL, Korst RJ, Liss Y, Meherally DN, Altorki NK.
Risk factors for occult mediastinal metastases in clinical stage
I non-small cell lung cancer. Ann Thorac Surg 2007;84:177-
81.

Wu LM, Xu JR, Gu HY, Hua J, Chen J, Zhang W, et al.
Preoperative mediastinal and hilar nodal staging with
diffusion-weighted magnetic resonance imaging and
fluorodeoxyglucose positron emission tomography/computed
tomography in patients with non-small-cell lung cancer: which
is better? J Surg Res 2012;178:304-14.

Sung YM, Lee KS, Kim BT, Kim S, Kwon OJ, Choi JY, et
al. Nonpalpable supraclavicular lymph nodes in lung cancer
patients: preoperative characterization with 18F-FDG PET/
CT. AJR Am J Roentgenol 2008;190:246-52.

Li S, Zheng Q, Ma Y, Wang Y, Feng Y, Zhao B, et al.
Implications of false negative and false positive diagnosis
in lymph node staging of NSCLC by means of (1)(8)F-FDG
PET/CT. PLoS One 2013;8:¢78552.

Yang W, Fu Z, Yu J, Yuan S, Zhang B, Li D, et al. Value of
PET/CT versus enhanced CT for locoregional lymph nodes
in non-small cell lung cancer. Lung Cancer 2008;61:35-43.
Billé A, Pelosi E, Skanjeti A, Arena V, Errico L, Borasio P, et
al. Preoperative intrathoracic lymph node staging in patients
with non-small-cell lung cancer: accuracy of integrated
positron emission tomography and computed tomography.
Eur J Cardiothorac Surg 2009;36:440-5.

Tasci E, Tezel C, Orki A, Akin O, Falay O, Kutlu CA. The role
of integrated positron emission tomography and computed
tomography in the assessment of nodal spread in cases with
non-small cell lung cancer. Interact Cardiovasc Thorac Surg
2010;10:200-3.

Ohno Y, Koyama H, Yoshikawa T, Nishio M, Aoyama N,
Onishi Y, et al. N stage disease in patients with non-small
cell lung cancer: efficacy of quantitative and qualitative
assessment with STIR turbo spin-echo imaging, diffusion-
weighted MR imaging, and fluorodeoxyglucose PET/CT.
Radiology 2011;261:605-15.

Kanzaki R, Higashiyama M, Fujiwara A, Tokunaga T, Maeda
J, Okami J, et al. Occult mediastinal lymph node metastasis in
NSCLC patients diagnosed as clinical NO-1 by preoperative
integrated FDG-PET/CT and CT: Risk factors, pattern, and
histopathological study. Lung Cancer 2011;71:333-7.

De Leyn P, Dooms C, Kuzdzal J, Lardinois D, Passlick B,
Rami-Porta R, et al. Revised ESTS guidelines for preoperative
mediastinal lymph node staging for non-small-cell lung
cancer. Eur J Cardiothorac Surg 2014;45:787-98.

Chang MC, Chen JH, Liang JA, Lin CC, Yang KT, Cheng KY,
et al. Meta-analysis: comparison of F-18 fluorodeoxyglucose-
positron emission tomography and bone scintigraphy in the
detection of bone metastasis in patients with lung cancer. Acad
Radiol 2012;19:349-57.

Liu N, Ma L, Zhou W, Pang Q, Hu M, Shi F, et al. Bone
metastasis in patients with non-small cell lung cancer:
the diagnostic role of F-18 FDG PET/CT. Eur J Radiol
2010;74:231-5.

Min JW, Um SW, Yim JJ, Yoo CG, Han SK, Shim Y, et al.
The role of whole-body FDG PET/CT, Tc 99m MDP bone
scintigraphy, and serum alkaline phosphatase in detecting
bone metastasis in patients with newly diagnosed lung cancer.
J Korean Med Sci 2009;24:275-80.

Xu G, Zhao L, He Z. Performance of whole-body PET/

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

CT for the detection of distant malignancies in various
cancers: a systematic review and meta-analysis. J Nucl Med
2012;53:1847-54.

LiJ, Xu W, Kong F, Sun X, Zuo X. Meta-analysis: accuracy of
18FDG PET-CT for distant metastasis staging in lung cancer
patients. Surg Oncol 2013;22:151-5.

Boland GW, Dwamena BA, Jagtiani SM, Goehler AG, Blake
MA, Hahn PF, et al. Characterization of adrenal masses by
using FDG PET: a systematic review and meta-analysis of
diagnostic test performance. Radiology 2011;259:117-26.
Cho AR, Lim I, Na II, Choe dH, Park JY, Kim BI, et al.
Evaluation of adrenal masses in lung cancer patients using
F-18 FDG PET/CT. Nucl Med Mol Imaging 2011;45:52-8.
Sung YM, Lee KS, Kim BT, Choi JY, Chung MJ, Shim YM,
etal. (18)F-FDG PET versus (18)F-FDG PET/CT for adrenal
gland lesion characterization: a comparison of diagnostic
efficacy in lung cancer patients. Korean J Radiol 2008;9:19-
28.

Treglia G, Sadeghi R, Annunziata S, Lococo F, Cafarotti
S, Prior JO, et al. Diagnostic performance of fluorine-18-
fluorodeoxyglucose positron emission tomography in the
assessment of pleural abnormalities in cancer patients:
a systematic review and a meta-analysis. Lung Cancer
2014;83:1-7.

Lu YY, Chen JH, Liang JA, Chu S, Lin WY, Kao CH.
18F-FDG PET or PET/CT for detecting extensive disease in
small-cell lung cancer: a systematic review and meta-analysis.
Nucl Med Commun 2014;35:697-703.

Thomson D, Hulse P, Lorigan P, Faivre-Finn C. The role of
positron emission tomography in management of small cell
lung cancer. Lung Cancer 2011;73:121-6.

He YQ, Gong HL, Deng YF, Li WM. Diagnostic efficacy of
PET and PET/CT for recurrent lung cancer: a meta-analysis.
Acta Radiol 2014;55:309-17.

Onishi Y, Ohno Y, Koyama H, Nogami M, Takenaka D,
Matsumoto K, et al. Non-small cell carcinoma: comparison of
postoperative intra- and extrathoracic recurrence assessment
capability of qualitatively and/or quantitatively assessed
FDG-PET/CT and standard radiological examinations. Eur
J Radiol 2011;79:473-9.

Choi HJ, Ju W, Myung SK, Kim Y. Diagnostic performance
of computer tomography, magnetic resonance imaging,
and positron emission tomography or positron emission
tomography/computer tomography for detection of metastatic
lymph nodes in patients with cervical cancer: meta-analysis.
Cancer Sci 2010;101:1471-9.

Tong SY, Lee JM, Lee JK, Kim JW, Cho CH, Kim SM,
et al. Efficacy of para-aortic lymphadenectomy in early-
stage endometrioid uterine corpus cancer. Ann Surg Oncol
2011;18:1425-30.

Signorelli M, Guerra L, Montanelli L, Crivellaro C, Buda A,
Dell’ Anna T, et al. Preoperative staging of cervical cancer: is
18-FDG-PET/CT really effective in patients with early stage
disease? Gynecol Oncol 2011;123:236-40.

Sandvik RM, Jensen PT, Hendel HW, Palle C. Positron
emission tomography-computed tomography has a clinical
impact for patients with cervical cancer. Dan Med Bull
2011;58:A4240.

Yildirim Y, Sehirali S, Avci ME, Yilmaz C, Ertopcu K, Tinar
S, et al. Integrated PET/CT for the evaluation of para-aortic
nodal metastasis in locally advanced cervical cancer patients
with negative conventional CT findings. Gynecol Oncol
2008;108:154-9.

Loft A, Berthelsen AK, Roed H, Ottosen C, Lundvall L,
Knudsen J, et al. The diagnostic value of PET/CT scanning

] Med Assoc Thai | Vol.102 | No.7 | July 2019



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

in patients with cervical cancer: a prospective study. Gynecol
Oncol 2007;106:29-34.

Sironi S, Buda A, Picchio M, Perego P, Moreni R, Pellegrino
A, et al. Lymph node metastasis in patients with clinical
early-stage cervical cancer: detection with integrated FDG
PET/CT. Radiology 2006;238:272-9.

Chung HH, Kang KW, Cho JY, Kim JW, Park NH, Song
YS, et al. Role of magnetic resonance imaging and positron
emission tomography/computed tomography in preoperative
lymph node detection of uterine cervical cancer. Am J Obstet
Gynecol 2010;203:156-5.

Meads C, Davenport C, Malysiak S, Kowalska M, Zapalska
A, Guest P, et al. Evaluating PET-CT in the detection and
management of recurrent cervical cancer: systematic reviews
of diagnostic accuracy and subjective elicitation. BJOG
2014;121:398-407.

Ding XP, Feng L, Ma L. Diagnosis of recurrent uterine cervical
cancer: PET versus PET/CT: a systematic review and meta-
analysis. Arch Gynecol Obstet 2014;290:741-7.

Kitajima K, Murakami K, Yamasaki E, Domeki Y, Kaji Y,
Morita S, et al. Performance of integrated FDG-PET/contrast-
enhanced CT in the diagnosis of recurrent uterine cancer:
comparison with PET and enhanced CT. Eur J Nucl Med Mol
Imaging 2009;36:362-72.

Chu Y, Zheng A, Wang F, Lin W, Yang X, Han L, et al.
Diagnostic value of 18F-FDG-PET or PET-CT in recurrent
cervical cancer: a systematic review and meta-analysis. Nucl
Med Commun 2014;35:144-50.

Xiao Y, Wei J, Zhang Y, Xiong W. Positron emission
tomography alone, positron emission tomography-computed
tomography and computed tomography in diagnosing
recurrent cervical carcinoma: a systematic review and meta-
analysis. Arch Med Sci 2014;10:222-31.

Bhoil A, Mittal BR, Bhattacharya A, Santhosh S, Patel F. Role
of F-18 fluorodeoxyglucose positron emission tomography/
computed tomography in the detection of recurrence in
patients with cervical cancer. Indian J Nucl Med 2013;28:216-
20.

Chung HH, Nam BH, Kim JW, Kang KW, Park NH, Song Y'S,
etal. Preoperative [18F]FDG PET/CT maximum standardized
uptake value predicts recurrence of uterine cervical cancer.
Eur J Nucl Med Mol Imaging 2010;37:1467-73.

Lee M, Lee Y, Hwang KH, Choe W, Park CY. Usefulness of
F-18 FDG PET/CT in assessment of recurrence of cervical
cancer after treatment. Nucl Med Mol Imaging 2011;45:111-6.
Kitajima K, Suzuki K, Nakamoto Y, Onishi Y, Sakamoto S,
Senda M, et al. Low-dose non-enhanced CT versus full-dose
contrast-enhanced CT in integrated PET/CT studies for the
diagnosis of uterine cancer recurrence. Eur J Nucl Med Mol
Imaging 2010;37:1490-8.

Chung HH, Kim JW, Kang KW, Park NH, Song YS, Chung
JK, et al. Predictive role of post-treatment [18F]FDG PET/
CT in patients with uterine cervical cancer. Eur J Radiol
2012;81:e817-22.

Meads C, Auguste P, Davenport C, Malysiak S, Sundar
S, Kowalska M, et al. Positron emission tomography/
computerised tomography imaging in detecting and managing
recurrent cervical cancer: systematic review of evidence,
elicitation of subjective probabilities and economic modelling.
Health Technol Assess 2013;17:1-323.

Auguste P, Barton P, Meads C, Davenport C, Malysiak S,
Kowalska M, et al. Evaluating PET-CT in routine surveillance
and follow-up after treatment for cervical cancer: a cost-
effectiveness analysis. BIOG 2014;121:464-76.

Ferrandina G, Petrillo M, Restaino G, Rufini V, Macchia G,

] Med Assoc Thai | Vol.102 | No.7 | July 2019

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Carbone A, et al. Can radicality of surgery be safely modulated
on the basis of MRI and PET/CT imaging in locally advanced
cervical cancer patients administered preoperative treatment?
Cancer 2012;118:392-403.

Sironi S, Picchio M, Landoni C, Galimberti S, Signorelli
M, Bettinardi V, et al. Post-therapy surveillance of patients
with uterine cancers: value of integrated FDG PET/CT in
the detection of recurrence. Eur J Nucl Med Mol Imaging
2007;34:472-9.

Petrowsky H, Wildbrett P, Husarik DB, Hany TF, Tam S,
Jochum W, et al. Impact of integrated positron emission
tomography and computed tomography on staging and
management of gallbladder cancer and cholangiocarcinoma.
J Hepatol 2006;45:43-50.

Corvera CU, Blumgart LH, Akhurst T, DeMatteo RP,
D’Angelica M, Fong Y, et al. 18F-fluorodeoxyglucose
positron emission tomography influences management
decisions in patients with biliary cancer. ] Am Coll Surg
2008;206:57-65.

Lee SW, Kim HJ, Park JH, Park DI, Cho YK, Sohn CI, et al.
Clinical usefulness of 18F-FDG PET-CT for patients with
gallbladder cancer and cholangiocarcinoma. J Gastroenterol
2010;45:560-6.

Kawamura E, Shiomi S, Kotani K, Kawabe J, Hagihara A,
Fujii H, et al. Positioning of 18F-fluorodeoxyglucose-positron
emission tomography imaging in the management algorithm
of hepatocellular carcinoma. J Gastroenterol Hepatol
2014;29:1722-7.

Park JW, Kim JH, Kim SK, Kang KW, Park KW, Choi JI,
et al. A prospective evaluation of 18F-FDG and 11C-acetate
PET/CT for detection of primary and metastatic hepatocellular
carcinoma. J Nucl Med 2008;49:1912-21.

Ho CL, Chen S, Yeung DW, Cheng TK. Dual-tracer PET/CT
imaging in evaluation of metastatic hepatocellular carcinoma.
J Nucl Med 2007;48:902-9.

Hayakawa N, Nakamoto Y, Nakatani K, Hatano E, Seo S,
Higashi T, et al. Clinical utility and limitations of FDG PET in
detecting recurrent hepatocellular carcinoma in postoperative
patients. Int J Clin Oncol 2014;19:1020-8.

Wang XL, Li H, Wang QS, Zhang XL. Clinical value of pre-
and postoperative 18F-FDG PET/CT in patients undergoing
liver transplantation for hepatocellular carcinoma. Nan Fang
Yi Ke Da Xue Xue Bao 2006;26:1087-91, 1095.

Han AR, Gwak GY, Choi MS, Lee JH, Koh KC, Paik SW, et
al. The clinical value of 18F-FDG PET/CT for investigating
unexplained serum AFP elevation following interventional
therapy for hepatocellular carcinom. Hepatogastroenterology
2009;56:1111-6.

Sun L, Guan YS, Pan WM, Luo ZM, Wei JH, Zhao L, et al.
Metabolic restaging of hepatocellular carcinoma using whole-
body F-FDG PET/CT. World J Hepatol 2009;1:90-7.

Kim JY, Kim MH, Lee TY, Hwang CY, Kim JS, Yun SC,
et al. Clinical role of 18F-FDG PET-CT in suspected and
potentially operable cholangiocarcinoma: a prospective study
compared with conventional imaging. Am J Gastroenterol
2008;103:1145-51.

Vellayappan BA, Soon YY, Earnest A, Zhang Q, Koh WY,
Tham IW, et al. Accuracy of (18)F-flurodeoxyglucose-
positron emission tomography/computed tomography in
the staging of newly diagnosed nasopharyngeal carcinoma:
a systematic review and meta-analysis. Radiol Oncol
2014;48:331-8.

Yongkui L, Jian L, Wanghan, Jingui L. 18FDG-PET/CT for the
detection of regional nodal metastasis in patients with primary
head and neck cancer before treatment: a meta-analysis. Surg

834



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

835

Oncol 2013;22:el11-e16.

Schoder H, Carlson DL, Kraus DH, Stambuk HE, Gonen
M, Erdi YE, et al. I8F-FDG PET/CT for detecting nodal
metastases in patients with oral cancer staged NO by clinical
examination and CT/MRI. J Nucl Med 2006;47:755-62.
Huang SH, Chien CY, Lin WC, Fang FM, Wang PW, Lui CC,
et al. A comparative study of fused FDG PET/MRI, PET/
CT, MRI, and CT imaging for assessing surrounding tissue
invasion of advanced buccal squamous cell carcinoma. Clin
Nucl Med 2011;36:518-25.

Gu DH, Yoon DY, Park CH, Chang SK, Lim KJ, Seo YL,
et al. CT, MR, (18)F-FDG PET/CT, and their combined use
for the assessment of mandibular invasion by squamous cell
carcinomas of the oral cavity. Acta Radiol 2010;51:1111-9.
Seitz O, Chambron-Pinho N, Middendorp M, Sader R,
Mack M, Vogl TJ, et al. 18F-Fluorodeoxyglucose-PET/CT
to evaluate tumor, nodal disease, and gross tumor volume
of oropharyngeal and oral cavity cancer: comparison
with MR imaging and validation with surgical specimen.
Neuroradiology 2009;51:677-86.

Pentenero M, Cistaro A, Brusa M, Ferraris MM, Pezzuto C,
Carnino R, etal. Accuracy of 18F-FDG-PET/CT for staging of
oral squamous cell carcinoma. Head Neck 2008;30:1488-96.
Joo YH, Yoo IR, Cho KIJ, Park JO, Nam IC, Kim MS.
Extracapsular spread and FDG PET/CT correlations in
oral squamous cell carcinoma. Int J Oral Maxillofac Surg
2013;42:158-63.

Joo YH, Yoo I, Cho KJ, Park JO, Nam IC, Kim CS, et al.
Relationship between extracapsular spread and FDG PET/CT
in oropharyngeal squamous cell carcinoma. Acta Otolaryngol
2013;133:1073-9.

Yang Z, Zhang Y, Shi W, Zhu B, Hu S, Yao Z, et al. Is 18F-FDG
PET/CT more reliable than 99mTc-MDP planar bone
scintigraphy in detecting bone metastasis in nasopharyngeal
carcinoma? Ann Nucl Med 2014;28:411-6.

Sheikhbahaei S, Taghipour M, Ahmad R, Fakhry C, Kiess
AP, Chung CH, et al. Diagnostic accuracy of follow-up FDG
PET or PET/CT in patients with head and neck cancer after
definitive treatment: A systematic review and meta-analysis.
AJR Am J Roentgenol 2015;205:629-39.

Gupta T, Master Z, Kannan S, Agarwal JP, Ghsoh-Laskar S,
Rangarajan V, et al. Diagnostic performance of post-treatment
FDG PET or FDG PET/CT imaging in head and neck cancer:
a systematic review and meta-analysis. Eur J Nucl Med Mol
Imaging 2011;38:2083-95.

Comoretto M, Balestreri L, Borsatti E, Cimitan M, Franchin
G, Lise M. Detection and restaging of residual and/or recurrent
nasopharyngeal carcinoma after chemotherapy and radiation
therapy: comparison of MR imaging and FDG PET/CT.
Radiology 2008;249:203-11.

Gordin A, Golz A, Keidar Z, Daitzchman M, Bar-Shalom
R, Israel O. The role of FDG-PET/CT imaging in head and
neck malignant conditions: impact on diagnostic accuracy and
patient care. Otolaryngol Head Neck Surg 2007;137:130-7.
Cortés-Romera M, Sabaté-Llobera A, Mercadal-Vilchez S,
Climent-Esteller F, Serrano-Maestro A, Gamez-Cenzano C,
et al. Bone marrow evaluation in initial staging of lymphoma:
18F-FDG PET/CT versus bone marrow biopsy. Clin Nucl Med
2014;39:¢46-52.

Adams HJ, Kwee TC, Fijnheer R, Dubois SV, Nievelstein RA,
de Klerk JM. Bone marrow 18F-fluoro-2-deoxy-D-glucose
positron emission tomography/computed tomography cannot
replace bone marrow biopsy in diffuse large B-cell lymphoma.
Am J Hematol 2014;89:726-31.

Weiler-Sagie M, Kagna O, Dann EJ, Ben Barak A, Israel

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

O. Characterizing bone marrow involvement in Hodgkin’s
lymphoma by FDG-PET/CT. Eur J Nucl Med Mol Imaging
2014;41:1133-40.

Berthet L, Cochet A, Kanoun S, Berriolo-Riedinger A,
Humbert O, Toubeau M, et al. In newly diagnosed diffuse
large B-cell lymphoma, determination of bone marrow
involvement with 18F-FDG PET/CT provides better
diagnostic performance and prognostic stratification than
does biopsy. J Nucl Med 2013;54:1244-50.

Mugzahir S, Mian M, Munir I, Nawaz MK, Faruqui ZS, Mufti
KA, et al. Clinical utility of (1)(8)F FDG-PET/CT in the
detection of bone marrow disease in Hodgkin’s lymphoma.
Br J Radiol 2012;85:¢490-6.

Cheng G, Chen W, Chamroonrat W, Torigian DA, Zhuang H,
AlaviA. Biopsy versus FDG PET/CT in the initial evaluation
of bone marrow involvement in pediatric lymphoma patients.
Eur J Nucl Med Mol Imaging 2011;38:1469-76.

Mittal BR, Manohar K, Malhotra P, Das R, Kashyap R,
Bhattacharya A, et al. Can fluorodeoxyglucose positron
emission tomography/computed tomography avoid negative
iliac crest biopsies in evaluation of marrow involvement
by lymphoma at time of initial staging? Leuk Lymphoma
2011;52:2111-6.

Pelosi E, Penna D, Deandreis D, Chiappella A, Skanjeti A,
Vitolo U, et al. FDG-PET in the detection of bone marrow
disease in Hodgkin’s disease and aggressive non-Hodgkin’s
lymphoma and its impact on clinical management. Q J Nucl
Med Mol Imaging 2008;52:9-16.

Gallamini A, Barrington SF, Biggi A, Chauvie S, Kostakoglu
L, Gregianin M, et al. The predictive role of interim positron
emission tomography for Hodgkin lymphoma treatment
outcome is confirmed using the interpretation criteria of the
Deauville five-point scale. Haematologica 2014;99:1107-13.
Hutchings M, Kostakoglu L, Zaucha JM, Malkowski B, Biggi
A, Danielewicz I, et al. In vivo treatment sensitivity testing
with positron emission tomography/computed tomography
after one cycle of chemotherapy for Hodgkin lymphoma. J
Clin Oncol 2014;32:2705-11.

Rossi C, Kanoun S, Berriolo-Riedinger A, Dygai-Cochet
I, Humbert O, Legouge C, et al. Interim 18F-FDG PET
SUVmax reduction is superior to visual analysis in predicting
outcome early in Hodgkin lymphoma patients. J Nucl Med
2014;55:569-73.

Filippi AR, Botticella A, Bello M, Botto B, Castiglione A,
Gavarotti P, et al. Interim positron emission tomography
and clinical outcome in patients with early stage Hodgkin
lymphoma treated with combined modality therapy. Leuk
Lymphoma 2013;54:1183-7.

Orlacchio A, Schillaci O, Gaspari E, Della GF, Danieli
R, Bolacchi F, et al. Role of [18F]-FDG-PET/MDCT
in evaluating early response in patients with Hodgkin’s
lymphoma. Radiol Med 2012;117:1250-63.

Sher DJ, Mauch PM, Van Den AA, LaCasce AS, Czerminski
J, Ng AK. Prognostic significance of mid- and post-ABVD
PET imaging in Hodgkin’s lymphoma: the importance of
involved-field radiotherapy. Ann Oncol 2009;20:1848-53.
Paolini R, Rampin L, Rodella E, Ramazzina E, Banti E, Al
Nahhas A, et al. The prognostic value of 18F-FDG PET-CT
in the management of Hodgkin’s lymphoma: preliminary
results of a prospective study. Nucl Med Rev Cent East Eur
2007;10:87-90.

Schaefer NG, Taverna C, Strobel K, Wastl C, Kurrer M, Hany
TF. Hodgkin disease: diagnostic value of FDG PET/CT after
first-line therapy--is biopsy of FDG-avid lesions still needed?
Radiology 2007;244:257-62.

] Med Assoc Thai | Vol.102 | No.7 | July 2019



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Nakamoto Y, Nogami M, Sugihara R, Sugimura K, Senda
M, Togashi K. Is contrast material needed after treatment
of malignant lymphoma in positron emission tomography/
computed tomography? Ann Nucl Med 2011;25:93-9.
Lopci E, Zanoni L, Chiti A, Fonti C, Santi I, Zinzani PL, et
al. FDG PET/CT predictive role in follicular lymphoma. Eur
J Nucl Med Mol Imaging 2012;39:864-71.

Wang F, Shen LY, Ma SH, Li N, Yang Z, Chen KN. Advantages
of positron emission tomography-computed tomography
imaging in esophageal squamous cell carcinoma. Dis
Esophagus 2013;26:832-7.

Kim SH, Lee KN, Kang EJ, Kim DW, Hong SH. Hounsfield
units upon PET/CT are useful in evaluating metastatic regional
lymph nodes in patients with oesophageal squamous cell
carcinoma. Br J Radiol 2012;85:606-12.

Yu W, Fu XL, Zhang YJ, Xiang JQ, Shen L, Chang JY. A
prospective evaluation of staging and target volume definition
of lymph nodes by 18FDG PET/CT in patients with squamous
cell carcinoma of thoracic esophagus. Int J Radiat Oncol Biol
Phys 2011;81:¢759-65.

Sohda M, Kato H, Suzuki S, Tanaka N, Sano A, Sakai M, et
al. I8F-FAMT-PET is useful for the diagnosis of lymph node
metastasis in operable esophageal squamous cell carcinoma.
Ann Surg Oncol 2010;17:3181-6.

Roedl JB, Blake MA, Holalkere NS, Mueller PR, Colen
RR, Harisinghani MG. Lymph node staging in esophageal
adenocarcinoma with PET-CT based on a visual analysis and
based on metabolic parameters. Abdom Imaging 2009;34:610-
7.

Kato H, Kimura H, Nakajima M, Sakai M, Sano A, Tanaka N,
et al. The additional value of integrated PET/CT over PET in
initial lymph node staging of esophageal cancer. Oncol Rep
2008;20:857-62.

Yuan S, Yu'Y, Chao KS, Fu Z, Yin Y, Liu T, et al. Additional
value of PET/CT over PET in assessment of locoregional
lymph nodes in thoracic esophageal squamous cell cancer. J
Nucl Med 2006;47:1255-9.

Lee G, I H, Kim SJ, Jeong YJ, Kim 1J, Pak K, et al. Clinical
implication of PET/MR imaging in preoperative esophageal
cancer staging: comparison with PET/CT, endoscopic
ultrasonography, and CT. J Nucl Med 2014;55:1242-7.
Yano M, Motoori M, Tanaka K, Kishi K, Fujiwara
Y, Shingai T, et al. Preoperative staging of clinically
node-negative esophageal cancer by the combination of
18F-fluorodeoxyglucose positron emission tomography
and computed tomography (FDG-PET/CT). Esophagus
2012;9:210-6.

Shum WY, Hsieh TC, Yeh JJ, Chen JH, Su CC, Liang JA,
et al. Clinical usefulness of dual-time FDG PET-CT in
assessment of esophageal squamous cell carcinoma. Eur J
Radiol 2012;81:1024-8.

Hsu WH, Hsu PK, Wang SJ, Lin KH, Huang CS, Hsieh CC,
et al. Positron emission tomography-computed tomography
in predicting locoregional invasion in esophageal squamous
cell carcinoma. Ann Thorac Surg 2009;87:1564-8.

Schreurs LM, Pultrum BB, Koopmans KP, Verhoef CC,
Jager PL, Van Dam GM, et al. Better assessment of nodal
metastases by PET/CT fusion compared to side-by-side PET/
CT in oesophageal cancer. Anticancer Res 2008;28:1867-73.
Cervino AR, Evangelista L, Alfieri R, Castoro C, Sileni VC,
Pomerri F, et al. Positron emission tomography/computed
tomography and esophageal cancer in the clinical practice:
How does it affect the prognosis? J Cancer Res Ther
2012;8:619-25.

Gillies RS, Middleton MR, Blesing C, Patel K, Warner N,

] Med Assoc Thai | Vol.102 | No.7 | July 2019

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Marshall RE, et al. Metabolic response at repeat PET/CT
predicts pathological response to neoadjuvant chemotherapy
in oesophageal cancer. Eur Radiol 2012;22:2035-43.
Kauppi JT, Oksala N, Salo JA, Helin H, Karhumaiki
L, Kemppainen J, et al. Locally advanced esophageal
adenocarcinoma: response to neoadjuvant chemotherapy
and survival predicted by ([18F])FDG-PET/CT. Acta Oncol
2012;51:636-44.

Schmidt M, Bollschweiler E, Dietlein M, Monig SP, Kobe C,
Vallbohmer D, et al. Mean and maximum standardized uptake
values in [18F]FDG-PET for assessment of histopathological
response in oesophageal squamous cell carcinoma or
adenocarcinoma after radiochemotherapy. Eur J Nucl Med
Mol Imaging 2009;36:735-44.

Roedl JB, Colen RR, Holalkere NS, Fischman AJ, Choi NC,
Blake MA. Adenocarcinomas of the esophagus: response to
chemoradiotherapy is associated with decrease of metabolic
tumor volume as measured on PET-CT. Comparison to
histopathologic and clinical response evaluation. Radiother
Oncol 2008;89:278-86.

McLoughlin JM, Melis M, Siegel EM, Dean EM, Weber
JM, Chern J, et al. Are patients with esophageal cancer who
become PET negative after neoadjuvant chemoradiation free
of cancer? J Am Coll Surg 2008;206:879-86.

Smithers BM, Couper GC, Thomas JM, Wong D, Gotley
DC, Martin I, et al. Positron emission tomography and
pathological evidence of response to neoadjuvant therapy
in adenocarcinoma of the esophagus. Dis Esophagus
2008;21:151-8.

Port JL, Lee PC, Korst RJ, Liss Y, Meherally D, Christos P, et
al. Positron emission tomographic scanning predicts survival
after induction chemotherapy for esophageal carcinoma. Ann
Thorac Surg 2007;84:393-400.

Moureau-Zabotto L, Touboul E, Lerouge D, Deniaud-
Alexandre E, Grahek D, Foulquier JN, et al. Impact of CT
and 18F-deoxyglucose positron emission tomography image
fusion for conformal radiotherapy in esophageal carcinoma.
Int J Radiat Oncol Biol Phys 2005;63:340-5.

Gondi V, Bradley K, Mehta M, Howard A, Khuntia D, Ritter
M, et al. Impact of hybrid fluorodeoxyglucose positron-
emission tomography/computed tomography on radiotherapy
planning in esophageal and non-small-cell lung cancer. Int J
Radiat Oncol Biol Phys 2007;67:187-95.

Leong T, Everitt C, Yuen K, Condron S, Hui A, Ngan SY, et
al. A prospective study to evaluate the impact of FDG-PET
on CT-based radiotherapy treatment planning for oesophageal
cancer. Radiother Oncol 2006;78:254-61.

Muijs CT, Schreurs LM, Busz DM, Beukema JC, van der
Borden AJ, Pruim J, et al. Consequences of additional
use of PET information for target volume delineation
and radiotherapy dose distribution for esophageal cancer.
Radiother Oncol 2009;93:447-53.

Hong TS, Killoran JH, Mamede M, Mamon HJ. Impact of
manual and automated interpretation of fused PET/CT data
on esophageal target definitions in radiation planning. Int J
Radiat Oncol Biol Phys 2008;72:1612-8.

Sharma P, Jain S, Karunanithi S, Pal S, Julka PK, Thulkar
S, et al. Diagnostic accuracy of (1)(8)F-FDG PET/CT for
detection of suspected recurrence in patients with oesophageal
carcinoma. Eur J Nucl Med Mol Imaging 2014;41:1084-92.
Chen YK, Su CT, Ding HJ, Chi KH, Liang JA, Shen YY, et
al. Clinical usefulness of fused PET/CT compared with PET
alone or CT alone in nasopharyngeal carcinoma patients.
Anticancer Res 2006;26:1471-7.

Ng SH, Chan SC, Yen TC, Chang JT, Liao CT, Ko SF, et al.

836



213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

837

Staging of untreated nasopharyngeal carcinoma with PET/
CT: comparison with conventional imaging work-up. Eur J
Nucl Med Mol Imaging 2009;36:12-22.

Yen TC, Chang YC, Chan SC, Chang JT, Hsu CH, Lin KJ,
et al. Are dual-phase 18F-FDG PET scans necessary in
nasopharyngeal carcinoma to assess the primary tumour
and loco-regional nodes? Eur J Nucl Med Mol Imaging
2005;32:541-8.

Kao CH, Hsieh JF, Tsai SC, Ho YJ, Yen RF, ChangLai SP, et al.
Comparison of 18-fluoro-2-deoxyglucose positron emission
tomography and computed tomography in detection of
cervical lymph node metastases of nasopharyngeal carcinoma.
Ann Otol Rhinol Laryngol 2000;109:1130-4.

Chang MC, Chen JH, Liang JA, Yang KT, Cheng KY, Kao
CH. Accuracy of whole-body FDG-PET and FDG-PET/CT in
M staging of nasopharyngeal carcinoma: a systematic review
and meta-analysis. Eur J Radiol 2013;82:366-73.

Tanizaki Y, Kobayashi A, Shiro M, Ota N, Takano R, Mabuchi
Y, et al. Diagnostic value of preoperative SUVmax on FDG-
PET/CT for the detection of ovarian cancer. Int J Gynecol
Cancer 2014;24:454-60.

Dauwen H, Van Calster B, Deroose CM, Op de Beeck K,
Amant F, Neven P, et al. PET/CT in the staging of patients
with a pelvic mass suspicious for ovarian cancer. Gynecol
Oncol 2013;131:694-700.

Zytoon AA, Murakami K, Eid H, El Gammal M. High impact
of FDG-PET/CT in diagnostic strategies for ovarian cancer.
Acta Radiol 2013;54:340-8.

Kitajima K, Suzuki K, Senda M, Kita M, Nakamoto Y, Onishi
Y, etal. FDG-PET/CT for diagnosis of primary ovarian cancer.
Nucl Med Commun 2011;32:549-53.

Yamamoto Y, Oguri H, Yamada R, Maeda N, Kohsaki S,
Fukaya T. Preoperative evaluation of pelvic masses with
combined 18F-fluorodeoxyglucose positron emission
tomography and computed tomography. Int J Gynaecol Obstet
2008;102:124-7.

Castellucci P, Perrone AM, Picchio M, Ghi T, Farsad M,
Nanni C, et al. Diagnostic accuracy of 18F-FDG PET/CT in
characterizing ovarian lesions and staging ovarian cancer:
correlation with transvaginal ultrasonography, computed
tomography, and histology. Nucl Med Commun 2007;28:589-
9s.

Risum S, Hogdall C, Loft A, Berthelsen AK, Hogdall E,
Nedergaard L, et al. The diagnostic value of PET/CT for
primary ovarian cancer--a prospective study. Gynecol Oncol
2007;105:145-9.

Hynninen J, Kemppainen J, Lavonius M, Virtanen J,
Matomaki J, Oksa S, et al. A prospective comparison of
integrated FDG-PET/contrast-enhanced CT and contrast-
enhanced CT for pretreatment imaging of advanced epithelial
ovarian cancer. Gynecol Oncol 2013;131:389-94.

Signorelli M, Guerra L, Pirovano C, Crivellaro C, Fruscio
R, Buda A, et al. Detection of nodal metastases by 18F-FDG
PET/CT in apparent early stage ovarian cancer: a prospective
study. Gynecol Oncol 2013;131:395-9.

De Iaco P, Musto A, Orazi L, Zamagni C, Rosati M, Allegri
V, et al. FDG-PET/CT in advanced ovarian cancer staging:
value and pitfalls in detecting lesions in different abdominal
and pelvic quadrants compared with laparoscopy. Eur J Radiol
2011;80:¢98-103.

Chen YM, Chen T, Zee CS, Shi YP, Wan LR, Tong LJ. Is
there an impact of 18F-FDG PET/CT on the surveillance and
clinical management of recurrent ovarian cancer? Research
based on a large sample in a single PET/CT center. Nucl Med
Commun 2014;35:347-52.

2217.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

Hebel CB, Behrendt FF, Heinzel A, Krohn T, Mottaghy FM,
Bauerschlag DO, et al. Negative 18F-2-fluorodeoxyglucose
PET/CT predicts good cancer specific survival in patients
with a suspicion of recurrent ovarian cancer. Eur J Radiol
2014;83:463-7.

Gouhar GK, Siam S, Sadek SM, Ahmed RA. Prospective
assessment of 18F-FDG PET/CT in detection of recurrent
ovarian cancer. Egypt J] Radiol Nucl Med 2013;44:913-22.
Antunovic L, Cimitan M, Borsatti E, Baresic T, Sorio R,
Giorda G, et al. Revisiting the clinical value of 18F-FDG
PET/CT in detection of recurrent epithelial ovarian
carcinomas: correlation with histology, serum CA-125 assay,
and conventional radiological modalities. Clin Nucl Med
2012;37:¢184-8.

Kitajima K, Ueno Y, Suzuki K, Kita M, Ebina Y, Yamada H,
et al. Low-dose non-enhanced CT versus full-dose contrast-
enhanced CT in integrated PET/CT scans for diagnosing
ovarian cancer recurrence. Eur J Radiol 2012;81:3557-62.
Sanli Y, Turkmen C, Bakir B, lyibozkurt C, Ozel S, Has
D, et al. Diagnostic value of PET/CT is similar to that
of conventional MRI and even better for detecting small
peritoneal implants in patients with recurrent ovarian cancer.
Nucl Med Commun 2012;33:509-15.

Sari O, Kaya B, Kara PO, Gedik GK, Celik C, Ozbek O, et
al. The role of FDG-PET/CT in ovarian cancer patients with
high tumor markers or suspicious lesion on contrast-enhanced
CT in evaluation of recurrence and/or in determination of
intraabdominal metastases. Rev Esp Med Nucl Imagen Mol
2012;31:3-8.

Nasu K, Abe W, Takai N, Tomonari K, Narahara H. Impact of
positron emission tomography/computed tomography in the
management of patients with epithelial ovarian carcinoma
after treatment. Arch Gynecol Obstet 2011;283:1121-6.

Pan HS, Lee SL, Huang LW, Chen YK. Combined positron
emission tomography-computed tomography and tumor
markers for detecting recurrent ovarian cancer. Arch Gynecol
Obstet 2011;283:335-41.

Bhosale P, Peungjesada S, Wei W, Levenback CF, Schmeler
K, Rohren E, et al. Clinical utility of positron emission
tomography/computed tomography in the evaluation of
suspected recurrent ovarian cancer in the setting of normal
CA-125 levels. Int J Gynecol Cancer 2010;20:936-44.
Bilici A, Ustaalioglu BB, Seker M, Canpolat N, Tekinsoy B,
Salepci T, et al. Clinical value of FDG PET/CT in the diagnosis
of suspected recurrent ovarian cancer: is there an impact of
FDG PET/CT on patient management? Eur J Nucl Med Mol
Imaging 2010;37:1259-69.

Risum S, Hogdall C, Markova E, Berthelsen AK, Loft A,
Jensen F, et al. Influence of 2-(18F) fluoro-2-deoxy-D-glucose
positron emission tomography/computed tomography on
recurrent ovarian cancer diagnosis and on selection of patients
for secondary cytoreductive surgery. Int J Gynecol Cancer
2009;19:600-4.

Thrall MM, DeLoia JA, Gallion H, Avril N. Clinical use
of combined positron emission tomography and computed
tomography (FDG-PET/CT) in recurrent ovarian cancer.
Gynecol Oncol 2007;105:17-22.

Chung HH, Kang WJ, Kim JW, Park NH, Song YS, Chung
JK, et al. Role of [18F]FDG PET/CT in the assessment of
suspected recurrent ovarian cancer: correlation with clinical
or histological findings. Eur J Nucl Med Mol Imaging
2007;34:480-6.

Sebastian S, Lee SI, Horowitz NS, Scott JA, Fischman AJ,
Simeone JF, et al. PET-CT vs. CT alone in ovarian cancer
recurrence. Abdom Imaging 2008;33:112-8.

] Med Assoc Thai | Vol.102 | No.7 | July 2019



241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

Mangili G, Picchio M, Sironi S, Vigano R, Rabaiotti E,
Bornaghi D, et al. Integrated PET/CT as a first-line re-staging
modality in patients with suspected recurrence of ovarian
cancer. Eur J Nucl Med Mol Imaging 2007;34:658-66.
Nanni C, Rubello D, Farsad M, De Iaco P, Sansovini M, Erba
P, et al. (18)F-FDG PET/CT in the evaluation of recurrent
ovarian cancer: a prospective study on forty-one patients. Eur
J Surg Oncol 2005;31:792-7.

Takekuma M, Maeda M, Ozawa T, Yasumi K, Torizuka
T. Positron emission tomography with 18F-fluoro-2-
deoxyglucose for the detection of recurrent ovarian cancer.
Int J Clin Oncol 2005;10:177-81.

O’Brien JT, Firbank MJ, Davison C, Barnett N, Bamford C,
Donaldson C, et al. 18F-FDG PET and perfusion SPECT in
the diagnosis of Alzheimer and Lewy body dementias. J Nucl
Med 2014;55:1959-65.

Newberg AB, Arnold SE, Wintering N, Rovner BW, Alavi A.
Initial clinical comparison of 18F-florbetapir and 18F-FDG
PET in patients with Alzheimer disease and controls. J Nucl
Med 2012;53:902-7.

Panegyres PK, Rogers JM, McCarthy M, Campbell A, Wu
JS. Fluorodeoxyglucose-positron emission tomography in the
differential diagnosis of early-onset dementia: a prospective,
community-based study. BMC Neurol 2009;9:41.
McMurtray AM, Licht E, Yeo T, Krisztal E, Saul RE, Mendez
MF. Positron emission tomography facilitates diagnosis of
early-onset Alzheimer’s disease. Eur Neurol 2008;59:31-7.
Curtis C, Gamez JE, Singh U, Sadowsky CH, Villena T,
Sabbagh MN, et al. Phase 3 trial of flutemetamol labeled with
radioactive fluorine 18 imaging and neuritic plaque density.
JAMA Neurol 2015;72:287-94.

Hatashita S, Yamasaki H, Suzuki Y, Tanaka K, Wakebe D,
Hayakawa H. [18F]Flutemetamol amyloid-beta PET imaging
compared with [ 11C]PIB across the spectrum of Alzheimer’s
disease. Eur J Nucl Med Mol Imaging 2014;41:290-300.
Tiepolt S, Barthel H, Butzke D, Hesse S, Patt M, Gertz HJ,
et al. Influence of scan duration on the accuracy of beta-
amyloid PET with florbetaben in patients with Alzheimer’s
disease and healthy volunteers. Eur J Nucl Med Mol Imaging
2013;40:238-44.

Jokinen P, Helenius H, Rauhala E, Bruck A, Eskola O, Rinne
JO. Simple ratio analysis of 18F-fluorodopa uptake in striatal
subregions separates patients with early Parkinson disease
from healthy controls. J Nucl Med 2009;50:893-9.

Oehme L, Perick M, Beuthien-Baumann B, Wolz M, Storch A,
Lohle M, et al. Comparison of dopamine turnover, dopamine
influx constant and activity ratio of striatum and occipital brain
with (1)(8)F-dopa brain PET in normal controls and patients
with Parkinson’s disease. Eur J Nucl Med Mol Imaging
2011;38:1550-9.

Hellwig S, Amtage F, Kreft A, Buchert R, Winz OH, Vach
W, et al. [(1)(8)F]FDG-PET is superior to [(1)(2)(3)I]
IBZM-SPECT for the differential diagnosis of parkinsonism.
Neurology 2012;79:1314-22.

Wu P, Wang J, Peng S, MaY, Zhang H, Guan Y, et al. Metabolic
brain network in the Chinese patients with Parkinson’s disease
based on 18F-FDG PET imaging. Parkinsonism Relat Disord
2013;19:622-7.

Hellwig S, Reinhard M, Amtage F, Guschlbauer B, Buchert
R, Tuscher O, et al. Transcranial sonography and [18F]
fluorodeoxyglucose positron emission tomography for
the differential diagnosis of parkinsonism: a head-to-head
comparison. Eur J Neurol 2014;21:860-6.

Kwon KY, Choi CG, Kim JS, Lee MC, Chung SJ. Diagnostic
value of brain MRI and 18F-FDG PET in the differentiation of

] Med Assoc Thai | Vol.102 | No.7 | July 2019

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

Parkinsonian-type multiple system atrophy from Parkinson’s
disease. Eur J Neurol 2008;15:1043-9.

Kassem H, El Shiekh F, Wafaie A, Abdelfattah S, Farghaly
H, Afifi L. Presurgical evaluation of refractory temporal lobe
epilepsy: Comparison of MR imaging, PET and ictal SPECT
in localization of the epileptogenic substrate. Egypt J Radiol
Nucl Med 2013;44:641-9.

Desai A, Bekelis K, Thadani VM, Roberts DW, Jobst BC,
Duhaime AC, et al. Interictal PET and ictal subtraction
SPECT: sensitivity in the detection of seizure foci in patients
with medically intractable epilepsy. Epilepsia 2013;54:341-
50.

Gokdemir S, Halac M, Albayram S, Oz B, Yeni N, Uzan M, et
al. Contribution of FDG-PET in epilepsy surgery: consistency
and postoperative results compared with magnetic resonance
imaging and electroencephalography. Turk Neurosurg
2015;25:53-7.

Gok B, Jallo G, Hayeri R, Wahl R, Aygun N. The evaluation
of FDG-PET imaging for epileptogenic focus localization in
patients with MRI positive and MRI negative temporal lobe
epilepsy. Neuroradiology 2013;55:541-50.

Lee JJ, Kang WIJ, Lee DS, Lee JS, Hwang H, Kim KJ, et
al. Diagnostic performance of 18F-FDG PET and ictal
99mTc-HMPAO SPET in pediatric temporal lobe epilepsy:
quantitative analysis by statistical parametric mapping,
statistical probabilistic anatomical map, and subtraction ictal
SPET. Seizure 2005;14:213-20.

Parker MW, Iskandar A, Limone B, Perugini A, Kim H, Jones
C, et al. Diagnostic accuracy of cardiac positron emission
tomography versus single photon emission computed
tomography for coronary artery disease: a bivariate meta-
analysis. Circ Cardiovasc Imaging 2012;5:700-7.

Danad 1, Uusitalo V, Kero T, Saraste A, Raijmakers PG,
Lammertsma AA, et al. Quantitative assessment of myocardial
perfusion in the detection of significant coronary artery
disease: cutoff values and diagnostic accuracy of quantitative
[(15)OTH20 PET imaging. J Am Coll Cardiol 2014;64:1464-
75.

Wolk MJ, Bailey SR, Doherty JU, Douglas PS, Hendel RC,
Kramer CM, et al. ACCF/AHA/ASE/ASNC/HFSA/HRS/
SCAI/SCCT/SCMR/STS 2013 multimodality appropriate
use criteria for the detection and risk assessment of stable
ischemic heart disease: a report of the American College
of Cardiology Foundation Appropriate Use Criteria Task
Force, American Heart Association, American Society of
Echocardiography, American Society of Nuclear Cardiology,
Heart Failure Society of America, Heart Rhythm Society,
Society for Cardiovascular Angiography and Interventions,
Society of Cardiovascular Computed Tomography, Society for
Cardiovascular Magnetic Resonance, and Society of Thoracic
Surgeons. ] Am Coll Cardiol 2014;63:380-406.

Groves AM, Speechly-Dick ME, Kayani I, Pugliese F, Endozo
R, McEwan J, et al. First experience of combined cardiac
PET/64-detector CT angiography with invasive angiographic
validation. Eur J Nucl Med Mol Imaging 2009;36:2027-33.
Esteves FP, Sanyal R, Nye JA, Santana CA, Verdes L, Raggi
P. Adenosine stress rubidium-82 PET/computed tomography
in patients with known and suspected coronary artery disease.
Nucl Med Commun 2008;29:674-8.

Chow BJ, Dennie C, Hoffmann U, So D, de Kemp RA, Ruddy
TD, et al. Comparison of computed tomographic angiography
versus rubidium-82 positron emission tomography for the
detection of patients with anatomical coronary artery disease.
Can J Cardiol 2007;23:801-7.

Sampson UK, Dorbala S, Limaye A, Kwong R, Di Carli MF.

838



269.

270.

271.

272.

839

Diagnostic accuracy of rubidium-82 myocardial perfusion
imaging with hybrid positron emission tomography/computed
tomography in the detection of coronary artery disease. J Am
Coll Cardiol 2007;49:1052-8.

Santana CA, Folks RD, Garcia EV, Verdes L, Sanyal R,
Hainer J, et al. Quantitative (82)Rb PET/CT: development
and validation of myocardial perfusion database. J Nucl Med
2007;48:1122-8.

Shi H, Santana CA, Rivero A, Sanyal R, Esteves FP, Verdes
L, et al. Normal values and prospective validation of transient
ischaemic dilation index in 82Rb PET myocardial perfusion
imaging. Nucl Med Commun 2007;28:859-63.

Bateman TM, Heller GV, McGhie Al, Friedman JD, Case
JA, Bryngelson JR, et al. Diagnostic accuracy of rest/stress
ECG-gated Rb-82 myocardial perfusion PET: comparison
with ECG-gated Tc-99m sestamibi SPECT. J Nucl Cardiol
2006;13:24-33.

Thomassen A, Petersen H, Diederichsen AC, Mickley H,
Jensen LO, Johansen A, et al. Hybrid CT angiography and
quantitative 150-water PET for assessment of coronary artery
disease: comparison with quantitative coronary angiography.

273.

274.

275.

276.

271.

Eur J Nucl Med Mol Imaging 2013;40:1894-904.

Danad I, Raijmakers PG, Appelman YE, Harms HJ, de Haan
S, van den Oever ML, et al. Hybrid imaging using quantitative
H2150 PET and CT-based coronary angiography for the
detection of coronary artery disease. ] Nucl Med 2013;54:55-
63.

Kajander S, Joutsiniemi E, Saraste M, Pietila M, Ukkonen
H, Saraste A, et al. Cardiac positron emission tomography/
computed tomography imaging accurately detects
anatomically and functionally significant coronary artery
disease. Circulation 2010;122:603-13.

Tsai JP, Yun CH, Wu TH, Yen CH, Hou CJ, Kuo JY, et al. A
meta-analysis comparing SPECT with PET for the assessment
of myocardial viability in patients with coronary artery
disease. Nucl Med Commun 2014;35:947-54.

Camici PG, Prasad SK, Rimoldi OE. Stunning, hibernation,
and assessment of myocardial viability. Circulation
2008;117:103-14.

Health Quality Ontario. Positron emission tomography for
the assessment of myocardial viability: an evidence-based
analysis. Ont Health Technol Assess Ser 2010;10:1-80.

] Med Assoc Thai | Vol.102 | No.7 | July 2019



