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Abstract
PET (Positron Emission Tomography) is a nuclear medicine imaging method, frequently used in
oncology during the last years. It is a non-invasive technique that provides quantitative in vivo
assessment of physiological and biological phenomena. PET has found its application in common
practice for the management of various cancers.
Lung cancer is the most common cause of death for cancer in western countries.
This review focuses on radiotracers used for PET scan with particular attention to Non Small Cell
Lung Cancer diagnosis, staging, response to treatment and follow-up

Introduction
PET scan represents one of the most sophisticated nuclear
medicine techniques of the last years. It was initially used
to study the brain and the heart, but today it is used
mainly in oncology. PET scanning is a non-invasive imaging method that differs from others because it observes "in
vivo" metabolic activity using radio-isotopes with specific
tissutal tropism. More in detail PET scans necessitate the
injection of a small quantity of biologically important
material like glucose or oxygen which have labelled with

radio-nuclides such as carbon-11, nitrogen-13, oxygen-15
and fluoride-18.
All the used isotopes are radioactive with a rapid time of
decaying by positron emission: carbon-11 or 11C is a radioactive isotope of carbon with a half-life in the order of
twenty minutes. Nitrogen-13 or 13N is an isotope of
nitrogen with a half life of approximately ten minutes.
Oxygen-15 or 15O is an isotope of oxygen having a half
life of about two minutes.
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The most commonly used isotope in PET scans is fluorine18. It is a fluorine isotope with a half life of approximately
110 minutes. This tracer is very useful because of its long
half life and because it decays by emitting positrons having the lowest positron energy which contributes to a
high-resolution imaging acquire.
Most articles have considered the utility of FDG (fluorine18 combined with deoxy-glucose) which is the most used
radiotracer in clinical practice. Actually, a number of new
compounds with promising prospective for PET imaging
are also available to gain information about specific cellular and molecular tumour pathways.
In the second part of this review a wide panoramic on the
use of this technique will be conducted regarding an
important oncologic pathology, both in term of incidence
and mortality: lung cancer.
18F-FGD and Alternative tracers to 18F-FDG in oncology
and other diseases
18F-FDG
FDG is a glucose analogue extensively used in oncology
for staging, restaging and recently for the evaluation of
tumour response to treatment [1]. Cancer cells demonstrate up regulation of glucose metabolism: uptake of glucose or glucose-analogues, as deoxy-glucose is increased.
Labeling deoxy-glucose with the positron emitting radionuclide 18F to form 18F-FDG renders these cells detectable using PET. In detail, 18-FDG is transported into the
cells by the same carrier as glucose, but at a much higher
rate. Then it is phosphorylated to FDG-6-phosphate

D-glucose

http://www.jeccr.com/content/27/1/52

(FDG-6-P) by the action of hexokinase or glucokinase [2].
This substance does not enter the standard metabolic
pathways because of the presence of fluorine at the C-2
position of the ring instead of the hydroxyl group in glucose and can leave the cell only slowly by the action of
glucose-6-phosphatase. So it is trapped and accumulated
in the neoplastic cells. This 'metabolic trapping' of FDG6-P forms the basis of the analysis of PET data. (Fig 1)
The basis for using FDG in oncology was demonstrated by
Warburg who observed an increase in glycolytic activity in
cancer cells, under both aerobic and anaerobic conditions
[3-5]. Moreover neoplastic transformation often determines an increase in the activity of glycolytic enzymes
(e.g. hexokinase) and in glucose transporters (e.g. GLUT1)
[6]. Cell mass influences this glycolytic activity, while cell
proliferation affects the increase in glucose transport. Otherwise this condition is not specific to malignant tumors;
in fact accumulation of glucose can also be present in
benign pathology and inflammatory disease, where activated inflammatory cells or macrophages also use glucose
as energy. Clinically inflammatory foci, sarcoidosis, and
active tuberculosis are often shown as FDG positive
lesions [7,8]. On the other hand some malignant cells
such as carcinoid tumors and bronchioalveolar lung carcinoma are FDG-negative [9]. Moreover in hepatocellular
carcinoma, highly differentiated cancer cells are FDG-negative and poorly differentiated cancer cells are FDG-positive; the FDG-positive cells indicate poor prognosis,
reflecting the histological cell type.[10]

Glycogen storage
hexokinase

FDG

FDG

FDG-6-phosphate

Glucose-6-phosphatase

HMP-shunt

Glycolysis use

Figure 1 of Glucose trapping in FDG-PET [98]
Mechanism
Mechanism of Glucose trapping in FDG-PET98[98].
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The clinical utility of PET can be limited by FDG distribution in some normal tissues, which can result in a low or
decreased tumor to background ratio (Fig 2). In fact, the
normal brain has a high glucose uptake, while in most
brain tumors the uptake of FDG is similar or lower than
in the normal tissue. The excretion of FDG makes urine
extremely radioactive. Although bladder and prostate
tumors are FDG-avid cancers this condition can create
problems in the diagnosis of these neoplasms [11].

Thus functional scans obtained with FDG PET are not
only complementary to those obtained with conventional
modalities but also may be more sensitive because alterations in tissue metabolism generally anticipate anatomic
alterations.

While traditional radiological imaging techniques (e.g.
Computed Tomography-CT-scan, Magnetic Resonance
Imaging-MRI) make available structural information and
identify disease states on the basis of cross anatomical
changes, FDG PET imaging provides information on the
biochemical processes which may precede cross anatomic
changes. [12]. The limited spatial resolution of PET due to
a lack of anatomic information can be overcome by combining morphologic CT and functional PET data.

To date newer PET/CT protocols have been developed, but
there is no consensus about them or their standardization
[14]. This remains a fundamental objective to better establish the efficacy of PET/CT for specific clinical application.
In fact, high quality contrast enhanced CT scans, obtained
in parallel with PET images, can contribute to diagnosis,
anatomic correlation and attenuation correction of PET
scans.

According to EORTC guidelines for better evaluation of
lesions, PET must be combined with Computed Tomography, but response criteria are still not available [13].

To correctly determine FDG PET activity it has been introduced the Maximum Standardized Uptake Value (SUV
max). It is defined as maximum tumour concentration of
FDG divided by the injected dose, corrected for the body
weight of the patient: (SUV max = maximum activity concentration [injected dose/body weight]). It represents the
metabolic activity for the tumor compared with that in
surrounding tissue, corrected for injected dose and patient
weight.
18F-Fluoro-L-dihydrophenylamine
Among the newest studied tracers there is18 F-Fluoro-Ldihydroxyphenylamine (18F-fluoro-L-DOPA). It is used to
evaluate the in vivo activity of aromatic l-amino acid
decarboxylase of dopaminergic system. For these characteristics this compound has been used in clinical practice
for parkinsonisms diagnosis and to investigate subclinical
lesions of the substantia nigra in Parkinson disease related
disorders.[15] Moreover it has been recently found application for detection of neuroendocrine tumours (NETs),
that are capable to accumulate and decarboxylate amine
precursors resulting in a high uptake in PET scans with18Ffluoro-L-DOPA [1].

Figure 2PET imaging
Normal
Normal PET imaging.

Somatostatin tracers
Somatostatin based radiotracers (analogues of somatostatin labelled with radioisotopes) are useful for diagnosis in
patients with cancers (Neuroendocrine Tumours-NETs)
which express the somatostatin receptor 2 (SSTR2). They
are able to orient treatment on the basis of the quality and
quantity of tracer uptake. In Fact well differentiated NET
tumours do not necessarily shown an increased glucose
metabolism, while they can be treated with new target
drugs (Sunitinib) in addition to somatostatin analogues.
On the other hand poor differentiated NETs and with
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high proliferation index are more commonly treated with
cytotoxic drugs. [16,17]
11C-Choline
Choline is a precursor of biosynthesis of an essential element of phospholipids of the cell membrane (phosphatidil – choline). In neoplastic tissue there is an elevated
level of phosphatidil-choline and an up-regulation of the
enzyme that catalyzes the phosphorilation of choline
[18,19].

Thus a new PET radiotracer (11C-Choline) has been developed and is useful mostly to detect well differentiated
tumours with low glucose uptake [20,21]. In clinical
research PET choline is mostly studied in prostate cancer,
also because of the low sensitivity and specificity of 18FFDG. In particular the usefulness of this test is related
principally to the detection of local tumour recurrence
after radical prostatectomy or distant metastatic disease
[22] or to assess the response to hormonal therapy in
patients with androgen-dependent tumours or chemotherapy for patients with androgen – independent
tumours [23].
18F-16β-Fluoro-5-dihydrotestosterone
18F-16 β-Fluoro-5α-dyhidrotestosterone (FDHT), a structural analogue of 5-α-dyhidrotestosterone, can be useful
to detect metastatic and recurrent prostate cancer lesions,
binding affinity and selectivity for androgen receptors
(ARs) [24].
18F-FLT
18F-3-Fluoro-3-deoxy-thymidine (18-F-FLT) is a pyrimidine analogue that reveals the activities of thymidinekinase-1 during the phase S of mitoses [25]. First it was
considered a promising radiotracer for its biological characteristics, but several studies have analyzed the role of
this molecule in different tumors showing a lower uptake
of 18-F-FLT than 18-F-FDG, with the exception of brain
tumors. [26-29]
11C-Acetate
11C-Acetate is a metabolic substrate for synthesis of cholesterol and lipids. [30] This compound has not a renal
clearance and initially was considered to be able to play
an important role for imaging of prostate and kidney
tumors. Following studies did not confirm the primitive
hypothesis showing that acetate accumulation in renal
cell carcinoma was lower or similar to normal kidney
parenchyma, [31] while it remains promising in prostate
cancer and hepatocellular carcinoma. [32-34]
18F-Fluoride. 11C-Methionine
Fluorine-18-Fluoride is a PET tracer with elevated utility
for detection of bone metastases in various tumors
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[35,36]. In fact fluoride ion is switched with hydroxyl
group in the bone crystals forming fluoroapatite: where
the turnover is greatest there are high deposits. An
increased 18F-Fluoride PET uptake in bone lesions reveals
both an increased bone turnover and blood flow.
Another studied tracer is represented by 11C-Methionine.
Methionine is an important amino acid for protein synthesis process. The role of this tracer has been evaluated in
various trials, mostly in brain tumors [37]. because it does
not accumulate in normal brain tissue while FDG can not
be valuable for the high glucose activity of normal brain.
Other studied fields of application of 11C-Methionine
have been head and neck squamous cell carcinoma
(HNSCC) and prostate cancer, with minor oncological
relevance [38,39].
Utility of FDG PET in NSCLC
Non Small Cell Lung Cancer
Lung Cancer is one of the most important causes of
tumour-related deaths in industrialized countries. NSCLC
treatment includes surgery, radiation therapy, chemotherapy and molecular therapy. The choice of treatment alone
or in combination is based on clinical and pathological
tumour stage.

PET scan plays an important role for tumour diagnosis
and staging, providing functional information simultaneous to anatomical details when PET is combined with
computed tomography (CT)
Initial Staging
The mainly point to establish a correct staging of NSCLC
is to identify patients candidates to surgery versus those
ones who are inoperable but can obtain benefits from
chemotherapy, radiotherapy or both.

In detail, patients with N0 – N1 disease (no metastatic
lymph nodes or only intrapulmonary/hilar nodes) are
generally candidates for surgical resection. On the contrary patients with N2 disease (ipsilateral mediastinal
lymph nodes metastases) could gain benefit from a combination of local and systemic treatments. Patients with
N3 disease (contra lateral mediastinal lymph nodes
metastases) are considered for non operability. [40]
Thus, an accurate loco regional lymph nodes assessment
is mandatory to choose the best treatment options. This
could be done either with invasive techniques (first of all
mediastinoscopy) or with non-invasive exams such as CT
or FDG PET.
Among the invasive techniques, endobronchial ultrasound guided-fine needle aspiration (EUS-FNA) deserves
a particular discussion. This new technique is now in
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development in many centers. First data confirmed a sensibility and specificity comparable to mediastinoscopy for
staging malignant nodes in NSCLC [41]. In a recent metaanalysis Micames et al., analyzing 18 eligible studies, in
order to estimate the diagnostic accuracy of EUS-FNA for
staging mediastinal lymph nodes (N2/N3 disease) in
patients with lung cancer, have concluded that EUS-FNA
is a safe modality for the invasive staging of lung cancer.
Moreover it is highly sensitive when used to confirm
metastasis to mediastinal lymph nodes seen on CT scans
and has the potential to prevent unnecessary surgery in a
large proportion of cases [42].
On the other hand it has been shown the relative frequency of metastatic N2 disease in the posterior mediastinal lymph nodes which are not accessible via
mediastinoscopy but are easily and accurately sampled by
EUS-FNA [43]. Thus some argue that both mediastinoscopy and EUS-FNA should be performed routinely in all
patients prior to resection.[44]
The increasing availability of FGD PET offers a noninvasive, accurate alternative for staging the mediastinum.
Whether or not FDG-PET should be used as a routine procedure in mediastinal lymph node staging, replacing
mediastinoscopy, is still a matter of debate [45].
American College of Chest Physicians guidelines [46] recommend FDG PET for non invasive staging due to the low
sensitivity and specificity of the commonly used CT in the
identification of node involvement. A large number of
studies on PET accuracy, varying in quality and design,
have evaluated its role in mediastinal lymph nodes staging using surgery (mediastinoscopy and/or thoracotomy
with mediastinal lymph node dissection) as the gold
standard of comparison [47-56]. They have been previously summarized in six meta-analyses (Tab 1) and convincingly demonstrated that PET is an imaging technique,
superior to CT, for mediastinal lymph node staging terms
of accuracy [57-62]. In fact CT scanning is mainly a morphologic imaging test; size or shape of lymph node are the
most important CT criteria for tumour involvement but
they are limited by low sensitivity and specificity [63].
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On the one hand, of major clinical importance is the high
negative predictive value of mediastinal FDG-PET (up to
97%)[47,64,65]. In Patients with mediastinal PET-negative results mediastinoscopy may be redundant and staging may be adequate without invasive procedure,
proceeding directly to thoracotomy [18]. This led to the
recommendation to omit mediastinoscopy in case of a
negative mediastinal FDG-PET[64,66,67]
On the other hand, some conditions must be respected:
sufficient FDG uptake in the primary tumor; use of a dedicated PET camera; absence of a central tumor or important hilar lymph node disease that may led to under-stage,
obscuring coexisting N2 disease on PET [68,55,69]. Additionally, centrally located disease are also associated with
a higher incidence of occult N2 disease than non-centrally
located tumors [70].
Previous studies have reported that PET positive uptake in
a hilar node is a risk factor for occult N2 disease
[43,27,70]. In fact FDG-positive hilar nodes are predictive
for microscopically (from a few cells to a few millimetres)
involvement in mediastinal nodes. No other currently
available imaging technique can detect such small volume
disease.
As reported by Verhagen, FDG-PET reduces the number of
mandatory mediastinoscopy procedures by 46% with no
increase in unexpected N2 involvement at thoracotomy
[27]. Even if PET seems superior in staging N2 disease, it
is still unable to carefully differentiate N1 from N2
involvement. Notably, limits of PET consist of failure to
show anatomic landmark and imperfect spatial resolution. These aspects could restrict its use to assess loco
regional lymph node metastases [71,72]. The use of integrated PET-CT could attenuate this limit, improving anatomic localization of positive lymph nodes [73]. This
could enable a better distinction between central tumours
and contiguous lymph nodes (e.g. central tumour alone
or central tumour with N2-disease), or between adjacent
lymph node stations (e.g. hilar N1- or mediastinal N2-disease). Thus the simultaneous use of these two imaging
exams may obtain greater staging accuracy than either test

Table 1: Meta-analyses of mediastinal lymph node staging

Author

Sensitivity

Specificity

PPV

NPV

N Studies

N Pts

Fischer MB et al [57]
Toloza EM et al [58]
Helwing D et al [60]
Dwamena BA et al. [59]
Gould MK et al [61]
Birim O. et al [62]

0,83
0,84
0,88
0,79
0,85
0,83

0.96
0,89
0,92
0,91
0,90
0,92

0,87
0,79
nr
0,9
nr
nr

0,95
0,93
Nr
0,93
Nr
Nr

17
18
20
16
32
17

nr
1045
1292
639
1959
833

PPV: positive predictive value; NPV: Negative predictive value; Pts: Patients; nr: Not reported
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alone and so it should be constantly considered in the initial staging of lung cancer.[74]

that patients with resectable N0 or N1 disease can gain the
possibility of resolutive surgery.

In a cost-effectiveness analysis on use of PET for all N0
patients at CT scan, the results were encouraging. In fact
the cost of PET scanning was almost counterbalanced by
the more appropriate selection of patients for beneficial
surgery [75].

Kuehl et al. have described a well defined PET/CT staging
protocol. According to the authors the procedure should
include the analysis of the chest and abdomen in order to
stage locally and to detect distant metastases. Moreover
the field should include the neck to detect supraclavicular
lymph nodes involvement. [79]

On the contrary, the use of cervical mediastinoscopy nonselectively among stage 1 NSCLC has been reported to be
not cost-effective [76] as the incidence of N2 disease is less
than 3% [43].
Thus, on this latter prospective trial, Cerfolio et al suggest
to reserve mediastinoscopy to only those patients with
clinically staged N0 disease with a right upper lobe lesion
(in which they found 10.4% positive rate for mediastinoscopy), and to limit EUS-FNA in patients staged N0 with
tumors only in the right lower lobe (in which they found
15.4% positive rate for EUS-FNA). Moreover the authors
recommend both mediastinoscopy and EUS-FNA in
patients clinically staged as N1 after integrated PET/CT.
However, as described in a recent study by Al-Sarraf et al.
[70] 16% of patients with negative uptake in mediastinum on integrated PET-CT had occult N2 disease following resection.
Other pathological factors such as tumor subtype, grade
of differentiation, tumor size, T stage and SUV max of primary tumor tend to be associated with the biological
aggressiveness of tumors [77] and are of prognostic significance rather than being predictors of occult metastases in
mediastinal nodes [70].
In another study by Lee et al the maximum standardized
uptake value is a predictor of individual lymph node
metastasis in non-small cell lung cancer. Using SUVmax of
5.3 to assign malignanc, y highly improve PET/CT accuracy, thus significantly reducing the number of false positive results. The authors conclude that in the absence of
other indications for mediastinoscopy, (N1 disease, central or multiple tumors), mediastinoscopy can be omitted
in patients who have a maxi-SUV of less than 5.3 in their
N2 lymph nodes and low max-SUV primary tumor to
mediastinal lymph node ratio, as found by integrated
PET/CT analysis. [78]
Albeit the positive predictive value is plausible, it must
not be forgotten that false positive results can be obtained
in the case of anthracosilicosis, infection, or granulomatous disorders [26]. In these patients mediastinoscopy in
mandatory to confirm N2 or N3 disease in order to ensure

However, the general recommendation is that if PET scan
result is negative, invasive mediastionoscopy could be
avoided; on the contrary, a positive PET scan, makes
mediastinoscopy necessary for lymph node sampling
because of possibility of false-positive PET scan [46].
Regarding the distant metastases detection, a recent randomized trial [55] suggests that the addition of PET scanning to a conventional workup identified more
asymptomatic patients with distant metastases among
those with suspected NSCLC. Moreover in several studies
[52,64]. FDG-PET scan improved clinical staging of lung
cancer patients. Unexpected extra thoracic metastases
were detected by FDG-PET in 15% of patients without evidence of metastases after conventional staging. This could
avoid futile mediastinoscopy and eventually thoracotomy.
Treatment
The use of PET can be applicable for selection or delineation of radiotherapy target volumes. In particular PET
with 18F-FDG has taken on increasing importance for
radiotherapy planning purposes. In fact because of the
hight sensitivity of FDG PET for the staging of lymph node
metastases in lung cancer implies that a negative PET
examination could permit focusing on the primary neoplasm reducing target volumes [80].

Few studies have prospectively evaluated PET with 18
FDG in radiotherapy planning in term of its role of local
control and survival. It has been reported that PET based
mediastinal lymph nodes radiotherapy does not affect the
local control reducing the target volume. [81]
Omitting elective nodal irradiation of clinically uninvolved nodal station is a way of reducing toxicity in non
small cell lung cancer. [81] This modality could be successfully applied also for patients with limited disease
small cell lung cancer (LD-SCLC) for whom the treatment
of choice is concurrent chemo-radiotherapy. [82]
In particular in a study conducted on for 21 patients with
N2/N3 NSCLC by van Der Wel et al. the use of PET/CT to
define the radiotherapy target volume, demonstrated an

Page 6 of 10
(page number not for citation purposes)

Journal of Experimental & Clinical Cancer Research 2008, 27:52

increase in term of dose delivered to the tumour associated with a reduction of esophagus and lung toxicity. [83]
Response to Therapy
For assessing treatment with chemotherapy or radiotherapy in patients with non small cell lung cancer, PET and
PET/CT play a major role than CT alone due to the fact
that metabolism is a more sensitive marker for response to
therapy than morphology. [84]

In patients undergoing therapy, imaging can play a crucial
role and may aid in predicting the outcome of treatment
regimens [85]. After radiotherapy, anatomic imaging
alone has limited utility: fibrosis, atelecttasis or inflammatory infiltration related to radiation pneumonitis could
hide residual tumour, thus tumour can be differentiated
from scarring by using FDG PET [86]. CT has been shown
to be suboptimal in restaging the mediastinum after therapy [87-89]. FDG PET is more sensitive than and as specific as traditional imaging to assess for residual disease or
recurrence after intervention [90].
Dooms et al. in a very recent study evaluated the role of
FDG PET in a particular subset of patients. This population was represented by resectable stage IIIA-N2 non small
cell lung cancer subjects for whom therapy is often induction chemotherapy followed by resection. The authors
concluded that FDG PET should select patients, after
induction chemotherapy, who can be considered for surgical treatment [91]. In fact in a precedent study conducted by Rohren et al. were compared patients in which
there were a residual FDG uptake after treatment with
those ones without FDG uptake, with a poor prognosis in
the first ones.[87]
Despite the results of the various treatments it needs to
consider that the radiotherapy could be responsible of
inflammatory reactions that could give false positive to
FDG PET examination. For this reason, to have a real evaluation of the response to the treatment is necessary to
attend some weeks after chemotherapy administration
and several months after radiotherapy [92].
Follow-Up
The clinically efficacy of the follow-up of lung cancer and
the treatment of recurrence are the subject of controversy[93]. Relapsing lung cancer might be considered as a
poor prognostic factor and its diagnosis could have no
therapeutic impact. On the other hand, local recurrence
could be object of re-treatment with acceptable long term
survival. In fact several studies have demonstrated that retreatment after surgery may increase survival. Surgery as a
second curative intent needs early diagnosis of relapse and
appropriate selection of patients [94].

http://www.jeccr.com/content/27/1/52

Thus another possible application of PET/CT is evaluation
of patients with the suspect of recurrence during the follow-up. This is supported by clinical advantage to detect
not only local relapse but also distant metastatic spreading, with a significant impact on patient's management
and selection. [95]
When considering suspected recurrences, it has been
reported that PET may have a major impact on treatment.
In one study, PET affected 63% of patients with possible
relapse [96].
In a recent study by Hellwig et al.[97] the authors state
that FDG-PET accurately detects recurrent lung cancer,
while the detection of unsuspected distant metastases
avoids unnecessary treatments. They also affirm that SUV
is an independent prognostic factor and that PET could
help in the selection of patients who will benefit from surgical re-treatment.
Hence, also in this field, fusion technology, gaining anatomical and physiologic data will give useful information,
supporting the correct management of these patients.

Competing interests
The authors declare that they have no competing interests.

References
1.
2.
3.

4.
5.
6.
7.

8.
9.
10.
11.

Pantaleo MA, Nannini M, Maleddu A, et al.: Conventional and
novel PET tracers for imaging in oncology in the era of
molecular therapy. Cancer Treat Rev 2008, 34(2):103-21.
Smith TA: The rate-limiting step for tumor [18F]fluoro-2deoxy-Dglucose (FDG) incorporation. Nucl Med Biol 2001,
28(1):1-4.
Bourguet P, Blanc-Vincent MP, Boneu A, Bosquet L, et al.: Summary
of the standards options and recommendations for the use of
Positron Emission Tomography with 2-[18F] Fluoro-2deoxy-d-Glucose (FDG-PET scanning) in Oncology. BJC 2003,
89:S84-S91.
Ung YC, Maziak DE, et al.: 18Fluorodeoxyglucose Positron emission tomography in the diagnosis and staging of lung cancer:
a systematic review. J Natl Cancer Inst 2007, 99(23):1753-1767.
Son P, Atkins HE, et al.: A fluorinate glucose analogue, 2-fluoro2-deoxy-D-Glucose (F-18): nontoxic tracer for rapid tumour
detection. J Nucl Med 1980, 21:670-675.
Hatanaka M: Transport of sugars in tumor cell membranes.
Biochim biophys acta 1974, 355:77-104.
Kubota R, Kubota K, Yamada S, et al.: Microautoradiographic
study for the differentiation of intratumoral macrophages,
granulation tissues and cancer cells by the dynamics of fluorine-18-fluorodeoxyglucose uptake.
J Nucl Med 1994,
35:104-112.
Okumura W, Iwasaki T, Toyama T, et al.: Usefulness of fasting
18F-FDG PET in identification of cardiac sarcoidosis. 2004,
45:1989-1998.
Higashi K, Ueda Y, Seki H, et al.: Fluorine-18-FDG PET imaging
is negative in bronchioloalveolar lung carcinoma. J Nucl Med
1998, 39:1016-1020.
Torizuka T, Tamaki N, Inokuma T, et al.: In vivo assessment of glucose metabolism in hepatocellular carcinoma with FDGPET.
J Nucl Med 1995, 36:1811-1817.
Endo Keigo, Oriuchi Noboru, Higuchi Tetsuya, Iida Yasuhiko,
Hanaoka Hirofumi, Miyakubo Mitsuyuki, Ishikita Tomohiro, Koyama
Keiko: PET and PET/CT using 18F-FDG in the diagnosis and
management of cancer patients. Int J Clin Oncol 2006,
11:286-296.

Page 7 of 10
(page number not for citation purposes)

Journal of Experimental & Clinical Cancer Research 2008, 27:52

12.
13.

14.
15.
16.

17.
18.
19.

20.
21.
22.

23.

24.
25.
26.
27.

28.
29.

30.

31.
32.
33.
34.

Shin SS, et al.: Non-small cell lung cancer: prospective comparison of integrated FDG PET/CT and CT alone for preoperative staging. Radiology 2005, 236:1011-1019.
Young H, Baum R, Cremerius U, et al.: Measurement of clinical
and subclinical tumour response using 18 Fluorodeoxyglucose and positron emission tomography: review and 1999
EORTC recommendations. European Organization for
Research and Treatment of Cancer (EORTC) PET Study
Group. Eur J Cancer 1999, 35:1773-1782.
Delbeke D, Coleman RE, Guberteau MJ, et al.: Procedure guideline
for tumour imaging with 18F-FDG PET/CT 1.0. J Nucl Med
2006, 47:885-895.
Shinotoh H, Calne DB: The use of PET in Parkinson's disease.
Brain Cogn 1995, 28:297-310.
Adams S, Baum R, Rink T, et al.: Limited value of Fluorine-18
fluorodeoxy-glucose positron emission tomography for the
imaging of neuroendocrine tumors. Eur J Nucl Med 1998,
25:79-83.
Rambaldi PF, Cuccurullo V, Briganti V, Mansi L: The present and
future role of 111In Pentetreotide in the PET era. J Nucl Med
Mol Imag 2005, 49:225-35.
Negendank W: Studies of human tumors by MRS: a review.
NMR biomed 1992, 5:303-324.
Ramirez De Molina A, Rodriguez-Gonzales A, et al.: Over expression of choline kinase is a frequent feature in human tumorderived cell lines and in lung, prostate and human colorectal
cancers. Biochem Biophys Res Commum 2002, 296:580-583.
Hara T, Cosaka N, Kishi H: PET imaging of prostate cancer
using carbon-11-choline. J Nucl Med 1998, 39:990-995.
Hara T, Inagaki K, Cosaka N, Morita T: Sensitive detection of
mediastinal lymph node metastases of lung cancer with 11CCholine PET. J Nucl Med 2000, 41(9):1507-13.
Picchio M, Messa C, Landoni C, et al.: Value of 11C-Choline-positron emission tomography for restaging prostate cancer: a
comparison with 18F-Fluorodeoxyglucose positron emission
tomography. J Urol 2003, 169:1337-1340.
Picchio M, Landoni C, Messa C, et al.: Positive 11c-choline and
negative 18F-FDG with positron emission tomography in
recurrence of prostate cancer. AJR Am J Roentgenol 2002,
179:482-484.
Dehdashti F, Picus J, Michalski JM, et al.: Positron Tomographic
assessment of androgen receptors in prostatic carcinoma.
Eur J Nucl Med Mol Imag 2005, 32:344-350.
Rasey JS, Grierson JR, Wiens LW, et al.: Validation of FLT uptake
as a measure of thymidine-kinase-1 activity in A549 carcinoma cells. J Nucl Med 2002, 43:1210-1217.
Dittman H, Dohmen BM, Paulsen F, et al.: 18-FLT PET for diagnosis and staging of thoracic tumors. Eur J Nucl Med Mol Imag 2003,
30:1407-1412.
Francis DL, Visviskis D, Costa DC, et al.: Potential impact of 18-F3-Fluoro-3-deoxy-thymidine versus 18-F-Fluoro-2-deoxy-Dglucose in positron emission tomography for colorectal cancer. Eur J Med Mol Imag 2003, 30:988-994.
Cobben DC, Elsinga PH, Suurmeijer AJ, et al.: Detection and grading of soft tissue sarcomas of the extremities with 18-F-3Fluoro-3-deoxy-L-Thymidine. Clin Canc Res 2004, 10:1685-1690.
Jacobs AH, Thomas A, Kracht LW, et al.: 18-F-3-Fluoro-3-deoxythymidine and 11C-methyilmetionine as markers of
increased transport and proliferation in brain tumor. J Nucl
Med 2005, 46:1948-1958.
Yoshimoto M, Waki A, Yonekura Y, et al.: Characterization of
acetate metabolism in tumor cells in relation to cell proliferation: acetate metabolism in tumor cells. Nucl Med Biol 2001,
28:117-122.
Kotzerke J, Linne' C, Meinhardt M, et al.: [1-(11) C] Acetate
uptake is not increased in renal cell carcinoma. Eur J Nucl Med
Mol Imag 2007, 32:884-888.
Oyama N, Miller TR, Dehdashti F, et al.: 11CAcetate PET imaging
of prostate cancer: detection of recurrent disease at PSA
relapse. J Nucl Med 2003, 44:549-555.
Delbeke D, Pinson CV: 11C-Acetate: a new tracer for the evaluation of hepatocellular carcinoma.
J Nucl Med 2003,
44:222-223.
Ho CL, Chen S, Yeung DV, Cheng TK: Dual-tracer PET/CT imaging in evaluation of metastatic hepatocellular carcinoma. J
Nucl Med 2007, 48:902-909.

http://www.jeccr.com/content/27/1/52

35.
36.
37.
38.

39.
40.

41.
42.

43.

44.

45.
46.

47.
48.
49.
50.
51.

52.
53.

54.

55.

Schiepers C, Nuyts J, Bormans G, et al.: Fluoridine kinetics of the
axial skeleton measured in vivo with fluorine-18-fluoride
PET. J Nucl Med 1997, 38:1970-1976.
Hoegerle S, Juenglin F, Otte A, et al.: Combined FDG and 18F-Fluoride whole-body PET: a feasible two in one approach to cancer imaging? Radiology 1998, 209:253-258.
Ceyssens S, Van Laere K, de Groot T, et al.: 11-C-methionine PET,
histopathology, and survival in primary brain tumors and
recurrence. AJNR 2006, 27:1432-1437.
Geets X, Daise JF, Gregoire V, et al.: Role of 11-C Methionine positron emission tomography for the delineation of the tumor
volume in pharyngo-laryngeal squamous cell carcinoma:
comparison with FDG PET and CT. Radiother Oncol 2004,
71:267-273.
Thot G, Lengyel Z, Balkay L, et al.: Detection of prostate cancer
with 11-C methionine positron emission tomography. J Urol
2005, 173:66-69.
Robinson LA, Ruckdeschel JC, Wagner H Jr, Stevens CW: American
College of Chest Physicians. Treatment of non small cell
lung cancer – Stage IIIA: a CCP evidence-based Clinical
Practice guidelines (2nd edition). Chest 2007, 132(suppl
3):243S-245S.
Ernst A, Anantham D, Eberhardt R, Kranik M, Herth FJF: J Thorac
Oncol 2008, 3:577-82.
Jowell , Gress Frank G, Micames Carlos G, McCrory Douglas C,
Pavey Darren A, Paul S: Endoscopic Ultrasound-Guided FineNeedle Aspiration for Non-small Cell Lung Cancer Staging:
A Systematic Review and Metaanalysis.
Chest 2007,
131:539-548.
Cerfolio RJ, Bryant AS, Eloubeidi MA: Routine mediastinoscopy
and esophageal ultrasound fine-needle aspiration in patients
with non-small cell lung cancer who are clinically N2 negative: a prospective study. Chest 2006, 130:1791-5.
Haddad FJ, Meyers BF, Zoole JB, et al.: Should mediastinoscopy be
routine for patients with clinical stage I lung cancer screened
by CT and PET scans? A decision analysis. Presented at the American Association of Thoracic Surgeons 2005, April 29 2005 to May 3 2006,
Philadelphia PA. J Cardio-Thorac Surg 2006.
Kernstine KH, Mclaughlin KA, Menda Y, et al.: Can FDG-PET
reduce the need for mediastinoscopy in potentially resectable non-small celllung cancer? Ann Thorac Surg 2002, 73:394-401.
Silvestri GA, Tanoue LT, Margolis ML, Barker J, Detterbeck F, American College of Chest Physicians: The non invasive staging of nonsmall cell lung cancer: the guidelines. Chest 2003, 123(1
Suppl):147S-156S.
Pieterman RM, van Putten JW, Meuzelaar JJ, et al.: Preoperative
staging of non-small-cell lung cancer with positron-emission
tomography. N Engl J Med 2000, 343:254-261.
Bury T, Dowlati A, Paulus P, et al.: Whole-body 18FDG positron
emission tomography in the staging of non-small cell lung
cancer. Eur Respir J 1997, 10:2529-2534.
Liewald F, Grosse S, Storck M, et al.: How useful is positron emissiontomography for lymphnode staging in non-small-cell
lung cancer? Thorac Cardiovasc Surg 2000, 48:93-96.
Marom EM, McAdams HP, Erasmus JJ, et al.: Staging non-small cell
lung cancer with wholebody PET. Radiology 1999, 212:803-809.
Poncelet AJ, Lonneux M, Coche E, et al.: PET-FDG scan enhances
butdoes not replace preoperative surgical staging in nonsmall cell lung carcinoma. Eur J Cardiothorac Surg 2001,
20:468-474.
Valk PE, Pounds TR, Hopkins DM, et al.: Staging non-small cell
lung cancer by whole-body positron emission tomographic
imaging. Ann Thorac Surg 1995, 60:1573-1581.
Vesselle H, Pugsley JM, Vallieres E, et al.: The impact of fluorodeoxyglucose F 18 positron-emission tomography on the surgical staging of non-small cell lung cancer. J Thorac Cardiovasc Surg
2002, 124:511-519.
Von Haag DW, Follette DM, Roberts PF, et al.: Advantages of positron emission tomography over computed tomography in
mediastinal staging of non-small cell lung cancer. J Surg Res
2002, 103:160-164.
van Tinteren H, Hoekstra OS, Smit EF, et al.: Effectiveness of positron emission tomography in the preoperative assessment
of patients with suspected non-small-cell lung cancer: the
PLUS multicentre randomised trial.
Lancet 2002,
359:1388-1393.

Page 8 of 10
(page number not for citation purposes)

Journal of Experimental & Clinical Cancer Research 2008, 27:52

56.

57.
58.
59.

60.

61.

62.

63.
64.

65.

66.
67.
68.

69.

70.

71.

72.
73.

74.

75.

Reed CE, Harpole DH, Posther KE, American College of Surgeons
Oncology Group Z0050 trial, et al.: Results of the American College of Surgeons Oncology Group Z0050 trial: the utility of
positron emission tomography in staging potentially operable non-small cell lung cancer. J Thorac Cardiovasc Surg 2003,
126:1943-1951.
Fischer BM, Mortensen J, Hojgaard L: Positron emission tomography in the diagnosis and staging of lung cancer: a systematic, quantitative review. Lancet Oncol 2001, 2:659-666.
Toloza EM, Harpole L, McCrory DC: Nonivasive staging of nonsmall cell lung cancer: a review of current evidence. Chest
2003, 123(Suppl 1):137S-146S.
Dwamena BA, Sonnad SS, Angobaldo JO, Wahl RL: Metastases
from non small cell lung cancer: mediastinal staging in the
1990s – meta-analytic comparison of PET and CT. Radiology
1999, 213:530-536.
Hellwig D, Ukena D, Paulsen F, Bamberg M, Kirsch CM: Meta analysis of the efficacy of Positron Emission Tomography with F18-Fluorodeoxyglucose in lung tumours: basis for discussion
of the German Consensus Conference on PET in Oncology
2000. Pneumologie 2001, 55:367-377.
Gould MK, Kuschner WG, Rydzak CE, et al.: Test performance of
Positron Emission Tomography and Computed Tomography for mediastinal staging in patients with non small cell
lung cancer: a meta analysis. Ann Intern Med 2003, 139:879-892.
Birim O, Kappetein AP, Stijnen T, Bogers AJ: Meta analysis of Positron Emission Tomographic and Computed Tomographic
imaging in detecting mediastinal lymph node metastases in
Non small cell lung cancer. Ann Thorac Surg 2005, 79:375-382.
Prenzel KL, Monig SP, Sinning JM, Baldus SE, Brochhagen HG, Schneider PM, et al.: Lymph node size and metastatic infiltration in
non small cell lung cancer. Chest 2003, 23:463-7.
Verhagen AFT, Bootsma GP, Tjan-Heijnen VCG, Wilt GJ van der,
Cox AL, Brouwer MHJ, Corstens FHM, Oyen WJG: FDG-PET in
staging lung cancer. How does it change the algorithm? Lung
Cancer 2004, 44:175-181.
Vansteenkiste JF, Stroobants SG, De Leyen PR, Dupont PJ, Bogaert J,
Maes A, et al.: Lymph node staging in non-small cell lung cancer with FDG-PET scan: a prospective study on 690 lymph
node stations from 68 patients. J Clin Oncol 1998, 16:2142-9.
Jett JR: How to optimize staging in early non-small cell lung
cancer. Lung Cancer 2002, 38:S13-6.
Kramer H, Groen JM: Current Concepts in the Mediastinal
Lymph Node Staging of Nonsmall Cell Lung Cancer. Annals
of Surgery 2003, 238(2):.
Kim YK, Lee KS, Kim BT, Choi JY, Kim H, Kwon OJ, Shim YM, Yi CA,
Kim HY, Chung MJ: mediastinal nodal staging of Non small cell
lung cancer using integrated 18-F-FDG PET/CT in a tuberculosis endemic country. Cancer 2007, 109:1068-77.
Graeter TP, Hellwig D, Hoffmann K, Ukena D, Kirsch C, Schäfers H:
Mediastinal lymph node staging in suspected lung cancer:
comparison of positron emission tomography with F-18fluorodeoxyglucose and mediastinoscopy. Ann Thorac Surg
2003, 75:231-6.
Al-Sarraf N, Aziz R, Gately K, Lucey J, Wilson L, McGovern E, Young
V: Pattern and predictors of occult mediastinal lymph node
involvement in non-small cell lung cancer patients with negative mediastinal uptake on positron emission tomography.
Eur J Cardio-thoracic Surgery 2008, 33:104-109.
Shim SS, Lee KS, Kim BT, Chung MJ, Lee EJ, Han J, et al.: Non-small
cell lung cancer: prospective comparison of integrated FDG
PET/CT and CT alone for preoperative staging. Radiology
2005, 236:1011-1019.
Schrevens L, Lorent N, Dooms C, Vansteenkiste J: The role of PET
scan in diagnosis, staging and management of non-small cell
lung cancer. Oncologist 2004, 9:633-643.
Cerfolio RJ, Ojha B, Bryant AS, Raughuveer V, Mountz JM, Bartolucci
AA: The accuracy of integrated PET-CT compared with dedicated PET alone for the staging of patients with non-small
cell lung cancer. Ann Thorac Surg 2004, 78:1017-23.
Halpern Bs, Schiepers C, Weber WA, et al.: Presurgical staging of
non small cell lung cancer: Positron Emission Tomography,
integrated Positron Emission Tomography/CT, and software image fusion. Chest 2005, 128:2289-2297.
Dietlein M, Weber K, Gandijour A, et al.: Cost-effectiveness of
FDG-PET for the management of potentially operable non-

http://www.jeccr.com/content/27/1/52

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.
86.
87.
88.
89.
90.
91.

92.
93.

94.

95.

small cell lung cancer: priority for a PET-based strategy after
nodal-negative results. Eur J Nucl Med 2000, 27:1598-1609.
Meyers BF, Haddad F, Siegel BA, Zoole JB, Battafarano RJ, Veeramachaneni N, Cooper JD, Patterson GA: Cost-effectiveness of routine
mediastinoscopy in computed tomography- and positron
emission tomography-screened patients with stage I lung
cancer. J Thorac cardiovasc Surg 2006, 131(4):822-9.
Cerfolio RJ, Bryant S, Ohja B, Bartolucci AA: The maximum standardized uptake values on positron emission tomography of a
non-small cell lung cancer predict stage, recurrence, and
survival. J Thorac Cardiovasc Surg 2005, 130(1):151-9.
Lee BE, Redwine J, Foster C, Abella E, Lown T, Lau D, Follette D:
Mediastinoscopy might not be necessary in patients with
non-small cell lung cancer with mediastinal lymph nodes
having a maximum standardized uptake value of less than
5.3. J Thorac Cardiovasc Surg 2007, 3(135):615-619.
Kuehl H, Veit P, Rosenbaum SJ, Bockisch A, Antoch G: Can PET/CT
replace separate diagnostic CT for cancer imaging? Optimizing CT protocols for imaging cancers of the chest and abdomen. J Nucl Med 2007, 48:45S-57S.
Grègoire V, Haustermans K, Geets X, Roels S, Lonneux M: PETbased treatment planning in radiotherapy: a new standard?
J Nucl Med 2007, 48:68S-77S.
De Ruysscher D, Vanders S, van haren E, et al.: Selective mediastinal node irradiation based on FDG PET scan data in patients
with non small cell lung cancer : a prospective clinical study.
Int J radiat Oncol Biol Phys 2005, 62:988-994.
Van Loon J, Offermann C, Bosmans G, Wanders R, Dekker A, et al.:
18FDG PET based radiation planning of mediastinal lymph
nodes in limited disease small cell lung cancer changes radiotherapy fields: a planning study. Radiother Oncol 2008.
Wel A Van der, Nijsten S, Hochstenbag M, et al.: Increased terapeutic ratio by 18FDG PET/CT planning in patients with
clinical CT stage N2–N3 M0 non-small-cell lung cancer: a
medeling study. Int J Radiat Oncol Biol Phys 2005, 61:649-655.
Potgen C, Levegrun S, Theegarten D, et al.: value of 18FDG PET/
CT in non small cell lung cancer for prediction of pathologic
response and times to relapse after neoadjuvant chemoradiotherapy. Clin Cancer Res 2006, 12:97-106.
Erdi YE, Macapinlac H, Rosenweig KE, et al.: Use of PET to monitor
the response of lung cancer to radiation treatment. Eur J Nucl
Med 2000, 27:861-866.
Macmanus MP, Hicks RJ: PET scanning in lung cancer: current
status and future directions. Sem Surg Oncol 2003, 21:149-155.
Rohren EM, Lowe VJ: Uptade in PET imaging of non small cell
lung cancer. Sem Nucl Med 2004, 34:134-153.
Ruhlmann J, Oehr P, Biersack HJ: PET in oncology: Basics and
clinical application. New York, NY: Springer; 1999:102-119.
Stoobants S, Verschakelen J, Vansteenkiste J: Value of FDG PET in
the management of non small cell lung cancer. Eur J Radiol
2003, 45:49-59.
Bury T, Corhay JL, Duysinx B, et al.: Value of FDG PET in detecting residual or recurrent non small cell lung cancer. Eur Respir
J 1999, 14:1376-1380.
Dooms C, Verbeken E, Stroobants S, nackaerts K, de Leyn P, Vansteenkiste J: Prognostic stratification of stage IIIA-N2 non small
cell lung cancer after induction chemotherapy: a model
based on the combination of morphometric-pathologic
response in mediastinal nodes and primary tumour response
on serial 18-Fluoro-2-deoxyglucose Positron Emission Tomography. J Clin Oncol 2008, 26:1128-1134.
Delbeke D, Martin WH, Patton JA, Sandler MP: Practical FDG
imaging: a teaching File. New York, NY: Springer; 2002:150-188.
Egermann U, Jaeggi K, Habicht JM, Perruchoud AP, Dalquen P, Soler
M: Regular follow-up after curative resection of nonsmall cell
lung cancer: a real benefit for patients? Eur Respir J 2002,
19:464-8.
Watanabe Y, Shimizu J, Oda M, Tatsuzawa Y, Hajashi Y, Iwa T: Second surgical intervention for recurrent and second primary
bronchogenic carcinomas. Scand J Thorac Cardiovasc Surg 1992,
26:73-8.
Keidar Z, Haim N, Guralnik L, et al.: PET/CT using 18F-FDG in
suspected lung cancer recurrence: diagnostic value and
impact on patient management.
J Nucl Med 2004,
45:1640-1646.

Page 9 of 10
(page number not for citation purposes)

Journal of Experimental & Clinical Cancer Research 2008, 27:52

96.

97.

98.

http://www.jeccr.com/content/27/1/52

Hicks RJ, Kalff V, MacManus MP, Ware RE, McKenzie AF, Matthews
JP, et al.: The utility of 18F-FDG for suspected recurrent
NSCLC after potentially curative therapy: impact on management and prognostic stratification. J Nucl Med 2001,
42(11):1605-1613.
Hellwig D, Gröschel A, Graeter TP, Hellwig AP, Nestle U, Schäfers
HJ, Sybrecht GW, Kirsch CM: Diagnostic performance and
prognostic impact of FDG-PET in suspected recurrence of
surgically treated non-small cell lung cancer. Eur J Nucl Med
Mol Imaging 2006, 33:13-21.
Vansteenkiste JF: PET scan in the staging of non-small cell lung
cancer. Lung Cancer 2003, 42:S27-S37.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

