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Introduction

	 Lung cancer is the leading cause of cancer-related 
mortality worldwide, with nearly 1.4 million deaths 
each year (Jemal et al., 2010). Of the 1.6 million new 
cases of lung cancer diagnosed each year, approximately 
220,000 are diagnosed in the United States (Jemal et al., 
2010). Non-small cell lung cancers (NSCLC) accounts 
for about 85% of lung cancers (Ramalingam et al., 
2011), in which adenocarcinoma is the most common 
histopathological type in recent decades (Ladanyi et al., 
2008). Unfortunately, despite advancements in this field, 
treatment outcomes have not improved obviously over 
the last 30 years. Metastases and post-surgical recurrence 
of the primary tumor are the major cause of death due to 
NSCLC patients.
	 In patients with NSCLC, accurate staging, especially 
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Abstract

	 Objective: To explore the relationships between primary tumor 18F-FDG uptake measured as the SUVmax 
and local extension, and nodal or distant organ metastasis in patients with NSCLC on pretreatment PET-CT. 
Methods: 93 patients with NSCLC who underwent 18F-FDG PET-CT scans before the treatment were included in 
the study. Primary tumor SUVmax was calculated; clinical stages, presence of local extension, nodal and distant 
organ metastases were recorded. The patients with SUVmax≥2.5 were divided into low and high SUVmax groups 
by using the median SUVmax. The low SUVmax group consisted of 45 patients with SUVmax<10.5, the high 
SUVmax group consisted of 46 patients with SUVmax≥10.5. Their data were compared statistically. Results: 91 
cases with SUVmax≥2.5 were included for analysis. The mean SUVmax in patients without any metastasis was 
7.42±2.91 and this was significantly lower than that (12.18±4.94) in patients with nodal and/or distant organ 
metastasis (P=0.000). In the low SUV group, 19 patients had local extension, 22 had nodal metastasis, and 9 had 
distant organ metastasis. In the high SUV group, 31 patients had local extension, 37 had nodal metastasis, and 
18 had distant organ metastases. There was a significant difference in local extension (P =0.016), distant organ 
metastasis (P =0.046), and most significant difference in nodal metastasis rate (P =0.002) between the two groups. 
In addition, there was a moderate correlation between SUVmax and tumor size (r = 0.642, P﹤0.001), tumor stage 
(r = 0.546, P﹤0.001), node stage (r = 0.388, P﹤0.001), and overall stage (r = 0.445, P= 0.000). Conclusion: Higher 
primary tumor SUVmax predicts higher extensional or metastatic potential in patients with NSCLC. Patients 
with higher SUVmax may need a close follow-up and more reasonable individual treatment because of their 
higher extensional and metastatic potential. 
Keywords: Non-small cell lung cancer - FDG-PET - SUV - clinical staging - metastasis
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nodal staging is very important in decision making for 
treatment and predicting outcome (Felip et al., 2005; 
Detterbeck et al., 2009). However, patients belonging to 
the same stage can have different outcomes, despite being 
with the same treatment (Birim et al., 2006). Therefore, 
other useful prognostic factors, specifically predictors that 
can be assessed via noninvasive examination in a routine 
clinical setting, are needed to guide decisions regarding 
risk-adapt treatment strategies.
	 18F-f luorodeoxyglucose  posi t ron emiss ion 
tomography–computed tomography (18F-FDG PET-CT), 
which provides morphological and metabolic data of 
malignancy, has become an important non-invasive tool 
for the staging as well as for the assessment of the primary 
tumor and distant metastasis in NSCLC (Lardinois et 
al., 2003; Ung et al., 2007). FDG uptake in the primary 
tumor measured as the maximum standardized uptake 
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value (SUVmax) by PET, which well known measure 
indicating the disease activity or the aggressiveness of 
tumor (Higashi et al., 2005; Hellwig et al., 2007; Takenaka 
et al., 2009), can be easily obtained and is the most widely 
used parameter for the analysis of 18F-FDG PET images 
in clinical practice. As we all known, metastasis occurs 
primary by dissemination not only through the lymphatic 
and blood vessels but local extension in NSCLC. However, 
few studies have evaluated the relationship between the 
primary tumor SUVmax and local extension in patients 
with NSCLC.
	 In this study, the relationship between FDG uptakes 
within the primary tumor using SUVmax and local 
extension, lymph node or distant organ metastasis 
in NSCLC patients who underwent 18F-FDG PET-
CT for staging before initial treatment was assessed 
retrospectively.
 
Materials and Methods

Clinical data
	 We retrospectively analyzed the 18F-FDG PET-CT 
findings of 93 consecutive newly diagnosed NSCLC 
patients with the mean age of 59 years (range, 31-82 
years), between June 2008 and May 2011. There were 57 
(61.3%) males, mean age 58.6 years (range, 38-82 years) 
and 36 (38.7%) females, mean age 58.7 years (range, 
31-73 years). All patients were defined by histological 
or cytological evidences. Of all the patients, 52 patients 
underwent surgical resection and the rest were non-
operative. The patients were referred to the number 
nuclear medicine department for initial staging with 
PET-CT scan before treatment. Histological diagnosis of 
the tumors was based on the criteria of the World Health 
Organization (Gibbs et al., 2001) and the tumor-node 
metastasis (TNM) stage was determined according to 
revised criteria (Goldstraw et al., 2007).

FDG PET-CT imaging
	 18F-FDG PET-CT scans were performed with a whole-
body PET-CT scanner (Discovery LS PET-CT system; GE 
Healthcare Medical Systems, Bucks, U.K.). All patients 
had been fasting for at least 6 hours before PET imaging, 
and serum glucose levels were measured to ensure that 
the results were<6.0 mmol/L. After intravenous injection 
of 5.0 MBq/kg 18F FDG, the patients were then kept at 
rest in a quiet room for at least 50 minutes. Then PET-CT 
scanning was performed from the skull to the thighs. In 
general, the spiral CT component was performed with 
an x-ray tube voltage peak of 140 kv, 90 mA, a 0.75:1 
pitch, a slice thickness of 5.0 mm, and a rotation speed 
of 7.5seconds per rotation. A PET scan was acquired for 
six to seven bed positions, and each position lasted 4.0 
min in a two dimensional mode. A full-ring dedicated 
PET scan of the same axial range followed. PET images 
were reconstructed with CT-derived attenuation correction 
using the ordered-subset expectation maximization 
software.
 
Imaging Analysis
	 The PET-CT images were reviewed using the 

automatic PET-CT fusion software on the workstation. 
A volumetric region-of-interest (ROI) around the outline 
of primary tumor in the NSCLC was placed on the 
axial PET images using the semi-automatic software. A 
threshold of 40% of the maximum signal intensity was 
selected to delineate ROI. Then SUVmax, SUVmean and 
tumor volume (TV) were automatically calculated by the 
PET-CT fusion software and these values were recorded 
from the workstation. Both radiologists who conducted 
the measurements together were blinded to the clinical 
details. We used the SUVmax in the ROI (Ikushima 
et al., 2010) and SUVmax of 2.5 as cut-off (Ma et al., 
2006) to eliminate partial volume artifacts in SUVmax 
measurement. After applying the cut-off, a final total of 91 
cases were included for analysis as SUVmax in 2 patients 
was less than 2.5.

Statistical analysis
	 Statistical analysis was done using SPSS 17.0 (Chicago, 
Illinois, USA). The mean of the measurement data was 
expressed as mean±standard deviation (mean±S.D). 
The differences in local extension, lymph node and 
distant organ metastases between the low and the high 
SUV groups were compared using chi-square test. The 
difference of the primary tumor SUVmax values between 
lymph node positive and negative cases was compared 
using an unpaired t-test. An evaluation was made of the 
linear relationship between tumor size, tumor stage, nodal 
stage, and overall stages of the patients and their SUVmax 
using Spearman’s correlation. P values less than 0.05 were 
considered significant.

Results 

	 The SUVmax ranged from 2.8 to 26.6 (mean 
10.77±4.93). The median SUVmax was 10.5, the low 
SUVmax group ranged from 2.8 to 10.3 (mean 6.94±2.01), 
and the high SUVmax group ranged from 10.5 to 26.6 
(mean14.51±3.96). The clinical characteristics of patients 
in the low and high group are seen in Table 1
	 The mean SUVmax in patients without any metastasis 
on 18F-FDG PET-CT was 7.42±2.91 and this was 
significantly lower than the mean SUVmax (12.18±4.94) 
in patients with lymph node and/or distant organ metastasis 
(P=0.000) (Figure 1).
	 Local extension, lymph node, and distant organ 
metastasis in the low and high group were seen in table 2. 
Local extension including primary tumor invasion to the 
main bronchus, visceral pleura, chest wall, mediastinum, 

Figure 1. Scattergram of SUVmax of NSCLC in Group 
Without Any Metastasis and the Group with Lymph 
Node and/or Distant Organ Metastasis
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Table 3. Correlation Between SUVmax and Tumor 
Size or Tumor Stage
		  Correlation coefficient	       P-value

Tumor diameter	 0.642	 P﹤0.001
Tumor stage	 0.546	 P﹤0.001
Node stage	 0.388	 P﹤0.001
Overall stage	 0.445	 P=0.000

Table 1. Clinical Characteristics of Patients (n=91)
Characteristics 			   No. of patients	
                                  Low SUVmax group   High SUVmax group 
	                 (SUVmax﹤10.5)           (SUVmax ≥10.5)

Age (31–82 years)		
     < 59 years	 23	 21
     ≥ 59years	 22	 25
Sex		
     Male	 26	 30
     Female	 19	 16
Histology		
     Squamous	 6	 18
     Adenocarcinoma	 38	 25
     Adenosquamous	 1	 3
Tumor location		
     Left upper lobe	 12	 15
     Left lower lobe	 7	 9
     Right upper lobe	 12	 13
     Right middle lobe	 1	 3
     Right lower lobe	 13	 6
AJCC/UICC TNM stage		
     ⅠA    	 14	 0
     ⅠB	 8	 4
     ⅡA	 7	 3
     ⅡB	 0	 5
     ⅢA	 3	 12
     ⅢB	 4	 4
     Ⅳ	 9	 18
CEA(mg/L)		
     ≤ 5.0	 23	 23
     > 5.0	 22	 23

Table 2. Summary of Local Extension, Lymph Node, 
and Distant Organ Metastases
	                     Low SUVmax group   High SUVmax group   P value
               		             (45 patients with      (46 patients with
		            SUVmax<10.5)        SUVmax≥10.5)	

Local extension (%)	 19 (42.2%)	 31 (67.4%)	 0.016
Lymph node metastasis (%)	 22 (48.9%)	  37 (80.4%)	 0.002
Distant organ metastasis (%)	 9 (20%)	 18 (39.1%)	 0.046

and recurrent laryngeal nerve, etc were seen in 19 patients 
(42.2%) in the low SUVmax group and 31 patients 
(67.4%) in the high SUVmax group (P = 0.016). Lymph 
node and distant organ metastases were more frequent in 
the high SUVmax (80.4%, 37/46; 39.1%, 18/46) than that 
of the low SUVmax group (48.9%, 22/45; 20%, 9/45), (P 
= 0.002; P = 0.046).
	 In addition, Spearman’s rank correlation showed a 
significant association of SUVmax of primary tumor with 
tumor size, tumor stages, nodal stages, and overall stages 
of the patients (Table 3).

Discussion
18F-FDG PET-CT has been increasingly used for 

staging, treatment response assessment and therapy 
planning in NSCLC (Huang et al., 2011; Li et al., 2012 ) 
since it was introduced into clinical practice in 1998 (De 
Wever et al., 2009). Apart from qualitative assessment 
in the detection of metastases, PET-CT provides the 
opportunity of a semi-quantitative measure of tumor 
glycolysis using SUV. SUVmax is the highest SUV 

measurement in the ROI and is the most commonly used 
measurement in clinical practice because of its being 
least affected by partial volume effects (Ikushima et al., 
2010). SUVmax is also defined as a unique noninvasive 
method for studying biochemical and metastatic changes 
in cancer tissues (Gambhir, 2002). The relationship 
between SUVmax of primary tumor and local extension, 
lymph node and distant organ metastasis was investigated.

Our results showed that the likelihood of lymph node 
and distant organ metastasis increases with increasing 
primary tumor SUVmax in patients with NSCLC. In 
addition, the results showed local extension of the primary 
tumor such as the main bronchus, visceral pleura, chest 
wall, or mediastinum were more frequent in the high 
SUVmax group than in the low SUVmax group, and that 
it has not yet been reported.

SUVmax has been correlated with tumor proliferation 
rate, tumor grade, and expression of glucose transporters, 
which are biomarkers in various types of malignant tumors 
(Takenaka et al., 2009; Taylor et al., 2009; Park et al., 
2012). Metastasis is the major cause of death due to several 
malignancies, including NSCLC and it occur primary by 
dissemination through the lymphatic and blood vessels. 
Nambu et al. (2009) have reported that the likelihood of 
lymph node metastasis increases with increase of SUVmax 
of the primary tumor in patients with NSCLC. Our results 
are consistent with their observations. In their study, they 
also added when the SUVmax of the primary tumor is 
greater than 12, the probability of lymph node metastasis 
is high, reaching 70%, irrespective of the degree of FDG 
accumulation into the lymph node stations. This finding 
would allow us to more sensitively predict the presence of 
lymph node metastases, including microscopic ones that 
cannot be detected by a direct evaluation of the lymph 
node stations.

Higashi et al. (2005) have reported in a multicenter 
study that the incidence of lymphatic vessel invasion and 
lymph node metastasis in NSCLC depended on 18F-FDG 
uptake of the primary tumor and concluded that 18F-FDG 
uptake by the primary tumor is a strong predictor of 
lymphatic vessel invasion and lymph node metastasis. 
Similarly, Li et al. (2009) reported that the SUVmax of 
primary tumor is a potential indicator of metastases in T1 
stage NSCLC. These findings may be explained by the 
fact that the greater the FDG uptake is, the higher is the 
malignant grade. In our study, local extension, and nodal 
or distant organ metastasis rate was higher in patients 
with high SUVmax.

In our study, we have also shown that the average of 
SUVmax was significantly lower in patients without any 
metastasis than that with lymph node and/or distant organ 
metastasis. These results further suggested that SUVmax 
may in partly reflect the potential of metastasis in primary 
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tumor in NSCLC and are in line with other studies (Li et 
al., 2009; Nambu et al., 2009). However, there was no 
upper threshold of SUVmax of NSCLC, above which 
lymph node and/or distant organ metastasis were always 
present. Thus, even when a primary tumor in NSCLC 
shows high SUVmax exceeding 10 or 20, the presence 
of lymph node and/or distant organ metastasis is still 
inconclusive based on the evaluation of the SUVmax of 
the primary tumor.

The universally accepted TNM staging system is the 
most important prognostic factor from NSCLC (Sculier 
et al., 2008). We believe that, and we also have shown 
that there are moderate correlations between the primary 
tumor SUVmax with tumor size, tumor stage, nodal stage, 
and overall stage. These results suggested that SUVmax 
in partly reflect the comprehensive information, such as 
tumor size, local extension, lymph node and/or distant 
organ metastasis within the TNM staging system. They 
also further prove the prognostic significance of primary 
tumor SUVmax in NSCLC. However, its mechanism 
remains uncertain and it is also controversial whether the 
SUVmax of primary tumor predict prognosis in patients 
with NSCLC independent of the TNM staging system. 

In our study, 52 patients underwent surgical resection 
and 8 patients with the PET-CT interpreted as positive 
for mediastinal nodes were negative confirmed by 
postoperative pathologic results. Iskender et al. (2012) 
thought that metastasis into the mediastinal lymph nodes 
occurred in false-negative patients of NSCLC staged with 
PET-CT in theory. At the same time, they also shown that 
false-positivity of mediastinal lymph nodes has negative 
effect on survival in potentially resectable NSCLC patients 
staged with PET-CT. On the one hand, in response to 
the antigenity of tumor cells, regional lymph nodes may 
initiate and develop complex immune reactions. Acting as 
efficient barriers, the lymph nodes may be able to destroy 
invading tumor cells completely, or at least stop their 
dissemination temporarily (Ioachim et al., 2009). So we 
could not detect metastasis histopathologically because 
tumor cells were already destroyed in the lymph nodes. In 
another theory, metastasis was in the early stage in these 
false-positivity lymph nodes and we could not detect 
metastasis with routine histopathological examination.

Although pathological findings served as the gold 
standard of extension and metastasis, it has been found 
in many literatures (Pauls et al., 2007; Chao et al., 2012;  
Cuaron et al., 2012) that integrated 18F-FDG PET-CT scans 
is the best noninvasive imaging technique for the accurate 
staging of local tumor extent, mediastinal lymphnode 
involvement, and distant metastatic disease in NSCLC. 
Especially for the non-operative patients with NSCLC, 
18F-FDG PET-CT is more accurate than CT alone, PET 
alone (Lardinois et al., 2003; Fischer et al., 2006), and 
has become a standard test in evaluating the clinical TNM 
status (De Wever et al., 2007).

Follow-up duration of the patients after initial 18F-FDG 
PET-CT was not long enough in our study to evaluate 
the relationship between the primary tumor SUVmax 
and survival. To our knowledge, there have been no 
published randomized clinical trials regarding the topic 
that increased metabolic activity of primary tumor 

suggested to achieve better survival until now. Despite the 
measurement of SUVmax in the PET imaging affected by 
several factors, it remains that increased metabolic activity 
(SUVmax) of primary tumors has been repetitively 
shown a negative effect on the prognosis of NSCLC (Xu 
et al., 2008; Agarwal et al., 2010; Paesmans et al., 2010; 
Zhang et al., 2011). Worsening of prognosis in NSCLC 
with a high SUVmax may be partly due to an increase of 
local extension, and nodal or distant organ metastasis as 
demonstrated in our study. However, optimal threshold 
of SUVmax and the type of threshold used for SUVmax 
are varying from one study to another. At the same time, 
there are a few contrary data on the prognostic role of 
increased FDG uptake of primary tumor (Vesselle et al., 
2007; Ikushima et al., 2010).

There were some limitations in our study. Firstly, the 
sample size is relatively small; in particular there were 
only 27 cases without any metastasis on 18F-FDG PET-CT. 
Further studies with larger patient groups are needed to 
assess the relationship between primary tumor SUVmax 
and local extension, nodal and distant organ metastases in 
patients with NSCLC. Secondly, the local extension, nodal 
and distant organ metastases were determined according 
to PET-CT not the gold standard of pathological findings, 
so the results should be verified with further follow-up. 
Additionally, we concluded that SUVmax of primary 
tumor was correlated with tumor size; however, we did not 
recommend a potentially accurate method to correct the 
SUV for partial volume effects. The partial volume effects 
can significantly lower the SUV when the tumor size is 
less than 2 to 3 cm (Vesselle et al., 2007), so a systemic 
research should be carried out for the relationship between 
the corrected SUV and tumor size.

In conclusion, we have shown that the patients of 
NSCLC with high SUVmax present significantly more 
frequent local extension, and nodal or distant organ 
metastases than patients with low SUVmax. Patients 
with NSCLC having high SUVmax might be candidate 
for more aggressive or more individualized treatment to 
achieve better disease control. Furthermore, they may need 
a close follow-up because of their higher extensional and 
metastatic potential.

 
Acknowledgements 

The author(s) declare that they have no competing 
interests.

References

Agarwal M, Brahmanday G, Bajaj SK, et al (2010). Revisiting 
the prognostic value of preoperative (18) F-fluoro-2-
deoxyglucose ((18)F-FDG) positron emission tomography 
(PET) in early-stage (I & II) non-small cell lung cancers 
(NSCLC). Eur J Nucl Med Mol Imaging, 37, 691-8.

Birim O, Kappetein AP, van Klaveren RJ, et al (2006). Prognostic 
factors in non-small cell lung cancer surgery. Eur J Surg 
Oncol, 32, 12-23. 

Chao F, Zhang H (2012). PET/CT in the staging of the non-
small-cell lung cancer. J Biomed Biotechnol, 2012, 783739. 

Cuaron J, Dunphy M, Rimner A (2012). Role of FDG-PET scans 
in staging, response assessment, and follow-up care for non-



Asian Pacific Journal of Cancer Prevention, Vol 14, 2013 2929

DOI:http://dx.doi.org/10.7314/APJCP.2013.14.5.2925
Relationship between Primary Tumor FDG Uptake and Extensional or Metastatic Potential of NSCLC

small cell lung cancer. Front Oncol, 2, 208. 
Detterbeck FC, Boffa DJ, Tanoue LT (2009). The new lung 

cancer staging system. Chest, 136, 260-71. 
De Wever W, Ceyssens S, Mortelmans L, et al (2007). Additional 

value of PET-CT in the staging of lung cancer: comparison 
with CT alone, PET alone and visual correlation of PET and 
CT. Eur Radiol, 17, 23-32.

De Wever W, Coolen J, Verschakelen JA (2009). Integrated PET/
CT and cancer imaging. JBR-BTR, 92, 13-9.

Felip E, Stahel RA, Pavlidis N, et al  (2005). ESMO Minimum 
Clinical Recommendations for diagnosis, treatment and 
follow-up of non-small-cell lung cancer (NSCLC). Ann 
Oncol, 16, i28-9.

Fischer BM, Mortensen J (2006). The future in diagnosis and 
staging of lung cancer: positron emission tomography. 
Respiration, 73, 267-76.

Gambhir SS (2002). Molecular imaging of cancer with positron 
emission tomography. Nat Rev Cancer, 2, 683-93. 

Gibbs AR, Thunnissen FB (2001). Histological typing of lung 
and pleural tumours: third edition. J Clin Pathol, 54, 498-9. 

Goldstraw P, Crowley J, Chansky K, et al (2007). The IASLC 
Lung Cancer Staging Project: proposals for the revision 
of the TNM stage groupings in the forthcoming (seventh) 
edition of the TNM Classification of malignant tumours. J 
Thorac Oncol, 2, 706-14.

Hellwig D, Graeter TP, Ukena D, et al (2007). 18F-FDG PET for 
mediastinal staging of lung cancer: which SUV threshold 
makes sense? J Nucl Med, 48, 1761-6. 

Higashi K, Ito K, Hiramatsu Y, et al (2005). 18F-FDG uptake 
by primary tumor as a predictor of intratumoral lymphatic 
vessel invasion and lymph node involvement in non-small 
cell lung cancer: analysis of a multicenter study. J Nucl 
Med, 46, 267-73.

Huang W, Zhou T, Ma L, et al (2011). Standard uptake value and 
metabolic tumor volume of 18F-FDG PET/CT predict short-
term outcome early in the course of chemoradiotherapy in 
advanced non-small cell lung cancer. Eur J Nucl Med Mol 
Imaging, 38, 1628-35. 

Ikushima H, Dong L, Erasmus J, et al (2010). Predictive value 
of 18F-fluorodeoxyglucose uptake by positron emission 
tomography for non-small cell lung cancer patients treated 
with radical radiotherapy. J Radiat Res, 51, 465-71.

Iskender I, Kadioglu SZ, Cosgun T, et al (2012). False-positivity 
of mediastinal lymph nodes has negative effect on survival 
in potentially resectable non-small cell lung cancer. Eur J 
Cardiothorac Surg, 41, 874-9. 

Ioachim HL, Medeiros LJ (2009). Ioachim’s Lymph Node 
Pathology. Philadelphia: Lippincott Williams & Wilkins, 
pp 589-8.

Jemal A, Center MM, DeSantis C, et al (2010). Global patterns 
of cancer incidence and mortality rates and trends. Cancer 
Epidemiol Biomarkers Prev, 19, 1893-1907.

Jemal A, Siegel R, Xu J, Ward E (2010). Cancer statistics, 2010. 
CA Cancer J Clin, 60, 277-300. 

Ladanyi M, Pao W (2008). Lung adenocarcinoma: guiding 
EGFR-targeted therapy and beyond. Mod Pathol, 21, S16-22. 

Lardinois D, Weder W, Hany TF, et al (2003). Staging of non-
small-cell lung cancer with integrated positron-emission 
tomography and computed tomography. N Engl J Med, 
348, 2500-7.

Li X, Zhang H, Xing L, et al (2012). Mediastinal lymph nodes 
staging by 18F-FDG PET/CT for early stage non-small cell 
lung cancer: a multicenter study. Radiother Oncol, 102, 
246-50.

Li M, Liu N, Hu M, et al (2009). Relationship between primary 
tumor fluorodeoxyglucose uptake and nodal or distant 
metastases at presentation in T1 stage non-small cell lung 

cancer. Lung Cancer, 63, 383-6. 
Ma BB, King A, Lo YM, et al (2006). Relationship between 

pretreatment level of plasma Epstein-Barr virus DNA, tumor 
burden, and metabolic activity in advanced nasopharyngeal 
carcinoma. Int J Radiat Oncol Biol Phys, 66, 714-20. 

Nambu A, Kato S, Sato Y, et al (2009). Relationship between 
maximum standardized uptake value (SUVmax) of lung 
cancer and lymph node metastasis on FDG-PET. Ann Nucl 
Med, 23, 269-275.

Paesmans M, Berghmans T, Dusart M, et al (2010). Primary tumor 
standardized uptake value measured on fluorodeoxyglucose 
positron emission tomography is of prognostic value for 
survival in non-small cell lung cancer: update of a systematic 
review and meta-analysis by the European Lung Cancer 
Working Party for the International Association for the Study 
of Lung Cancer Staging Project. J Thorac Oncol, 5, 612-9. 

Park SG, Lee JH, Lee WA, et al (2012). Biologic correlation 
between glucose transporters, hexokinase-II, Ki-67 and FDG 
uptake in malignant melanoma. Nucl Med Biol, 39, 1167-72.

Pauls S, Buck AK, Hohl K, et al (2007). Improved non-invasive 
T-Staging in non-small cell lung cancer by integrated 
18F-FDG PET/CT. Nuklearmedizin, 46, 9-14. 

Ramalingam SS, Owonikoko TK, Khuri FR (2011). Lung cancer: 
New biological insights and recent therapeutic advances. CA 
Cancer J Clin, 61, 91-112.

Sculier JP, Chansky K, Crowley JJ, et al (2008). The impact 
of additional prognostic factors on survival and their 
relationship with the anatomical extent of disease expressed 
by the 6th Edition of the TNM Classification of Malignant 
Tumors and the proposals for the 7th Edition. J Thorac 
Oncol, 3, 457-66.

Takenaka T, Yano T, Ito K, et al (2009). Biological significance 
of the maximum standardized uptake values on positron 
emission tomography in non-small cell lung cancer. J Surg 
Oncol, 100, 688-92. 

Taylor MD, Smith PW, Brix WK, et al (2009). Correlations 
between selected tumor markers and fluorodeoxyglucose 
maximal standardized uptake values in esophageal cancer. 
Eur J Cardiothorac Surg, 35, 699-705.

Ung YC, Maziak DE, Vanderveen JA, et al (2007). 
18Fluorodeoxyglucose positron emission tomography in the 
diagnosis and staging of lung cancer: a systematic review. J 
Natl Cancer Inst, 99, 1753-67. 

Vesselle H, Freeman JD, Wiens L, et al (2007). Fluorodeoxyglucose 
uptake of primary non-small cell lung cancer at positron 
emission tomography: new contrary data on prognostic role. 
Clin Cancer Res, 13, 3255-63. 

Xu X, Yu J, Sun X, et al (2008). The prognostic value of 
18F-fluorodeoxyglucose uptake by using serial positron 
emission tomography and computed tomography in patients 
with stage III nonsmall cell lung cancer. Am J Clin Oncol, 
31, 470-5.

Zhang HQ, Yu JM, Meng X, et al (2011). Prognostic value 
of serial [18F]fluorodeoxyglucose PET-CT uptake in stage 
III patients with non-small cell lung cancer treated by 
concurrent chemoradiotherapy. Eur J Radiol, 77, 92-6. 


