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Introduction

Lung cancer is the leading cause of death world-
wide in both sexes combined [1] and smoking is 

the main factor for developing lung cancer — it is 
responsible for 80% of cases in men and 50% in 
women [2]. There is a 16% 5-year survival rate in 
the United States, and 10% in Europe [3], thus it 
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is important to develop more precise diagnostic 
tools allowing a reliable evaluation of the severity 
of the disease, which will lead to a personalized 
therapy.

Lung tumors are formed histologically from the 
respiratory epithelium and can be divided into two 
main groups: small cell lung cancer (SCLC) and 
non-small cell lung cancer (NSCLC). SCLC is more 
aggressive, grows faster and accounts for about 15% 
of cases. NSCLC (85% of cases) can be divided 
into four pathological subgroups: adenocarcinoma 
(AC), squamous cell carcinoma (SCC), large cell 
carcinoma (LCC) and NSCLC not otherwise speci-
fied (NOS) [4, 5].

Positron emission tomography with computed 
tomography (PET/CT) is a useful tool in assess-
ing various cancer types, because it allows the 
visualization of morphological changes which 
occur before anatomical changes. The most 
common radiopharmaceutical used for PET/CT 
studies is the glucose analogue labeled with 
Fluorine 18 (2-deoxy-2-[18F]fluoro-D-glucose, 
2-[18F]FDG) [6]. Many studies showed that meta-
bolic tumor volume (MTV) and total lesion gly-
colysis (TLG) are important prognostic factors 
in lung cancer patients [7] and provide better 
diagnostic information than maximum standard-
ized uptake value (SUVmax), because of better de-
termination of heterogeneity in the entire tumor 
volume [8].

The TNM (tumor, nodes, metastasis) classifica-
tion allows stage of disease to be assessed and the 
first version of the TNM system was published in 
1968. It was defined by the American Joint Com-
mittee on Cancer (AJCC) and the UICC. This 
system is based on the assessment of tumor size 
(T feature), lymph nodes involvement (N feature) 
and presence of distant metastases (M feature) 
[9]. The currently used 8th edition provides some 
changes as compared to the 7th edition,: the most 
important one is shown in stage I where T1a (mi) 
was added for minimally invasive adenocarcino-
ma, T feature has a new cut off point at 1 and 4 
cm [10]. Accurate diagnostic imaging, according 
to the criteria of this classification, is the basis for 
standard treatment [3]. 

The aim of the study was to compare the TNM 
classification with 2-[18F]FDG PET biological pa-
rameters (as SUVmax, MTV and TLG) of the primary 
tumor in patients with NSCLC.

Materials and methods

Retrospective analysis was performed on 79 
previously untreated patients (48M, 31F) with his-
tologically confirmed NSCLC examined between 
May 2009 and December 2014. The acquisition was 
performed 60–70 min after intravenous injection of 
2-[18F]FDG (FCON, Germany) with mean activity 
of 374 ± 75 MBq on Gemini TF 16  PET/CT scan-
ner (Philips). Patients after the administration of the 
isotope stayed in a darkened room with room tem-
perature to rest. 2-[18F]FDG PET/CT imaging was 
performed after fasting for at least 5 hours before the 
examination (mean glucose level 95 ± 18 mg/dL). 
The study protocol of the areas under examina-
tion extended from the vertex to mid-thigh, with 
1.30 min per one table, with 5-mm-thick slices. The 
study began with low-dose computed tomography 
(CT), afterwards PET acquisition was performed 
without changing the patient’s position. The recon-
structed PET images were evaluated using MIM 7.0 
Software (Cleveland, OH, USA).

Based on PET images several biological parameters: 
SUVmax, MTV and TLG were extracted for primary 
tumor. SUVmax was assessed as a maximum concen-
tration of radiotracer in the region of interest (ROI) 
taking into account patients’ weight and injected dose. 

MTV is one of the most important parameters 
assessed in PET images. There are several methods 
like the manual method or the gradient threshold 
method for defining tumor borders. In this study 
an appropriate method defining the volume of the 
primary tumor was selected based on our previous 
research [11].

TLG is a product of a SUVmean and MTV thus 
provides not only volumetric but also metabolic in-
formation of the tumor and it was first introduced 
by Larson et al. [12]. 

Normality of data distribution was assessed using 
the Kolmogorov-Smirnov or W Shapiro-Wilk tests. 
For statistical analysis, the Wilcoxon-Mann-Whit-
ney Test and T-Test were used. Pearson coefficients 
were used to estimate the correlation between pa-
rameters and statistical significance was defined as 
a p value less than 0.05. 

Results

In the analyzed group, 31 patients were women, 
while 48 patients were men. In 38 patients NSCLC 
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was diagnosed in the left lung, while in 41 patients 
in right lung. The analysis of the TNM classifica-
tion showed stage IA2 in 8 patients, stage IA3 — 6 
patients, stage IB — 4 patients, IIA — 3 patients, 
IIB — 15, stage IIIA — 17 patients, in stage IIIB and 
IIIC — 5 patients each, IVA in 7 patients and stage 
IVB in 9 patients (Fig. 1).  

Differences of primary tumor biological param-
eters by stage are shown in Table 1. The highest SU-
Vmax values were found in stage IIA (13.4 ± 11.3) and 
the lowest in stage IA2 (6.8 ± 3.3). Statistically sig-
nificant differences were found between stage IA2 
and IA3 (p = 0.04), IA2 and IIIA and IIIB (p = 0.001 
and p = 0.02, respectively). Also statistically sig-
nificant differences in SUVmax values were shown 
between stage IB and IIIA (p = 0.03), stage IIB and 
IIIA (p = 0.008), stage IIB and IIIB (p = 0.02), IIB 
and IIIC (p = 0.03), IIIA and IVA (p = 0.02) and 
between stage IIIC and IVA (p = 0.0007). 

Comparison between TLG and TNM classifica-
tion showed that in stage IIIC TLG was significantly 
higher (p = 0.006) than in other stages (Fig.  2). 
The highest TLG values were found in stage IIIC 

(1003.20 ± 953.59) and the lowest in stage IA2 
(11.31 ± 15.27). Statistically significant differences 
were found between stage IA2 and IA3 (p = 0.01), 
IB (p = 0.022), IIA (p = 0.016), IIB (p = 0.014), IIIA 
(p < 0.001), IIIB (p = 0.008) and IIIC (p = 0.009). 
Stage IA3 showed significant differences between 
stage IIIIA, IIIB and IIIC (p = 0.007, p = 0.028 
and p = 0.0248, respectively). Stage IB showed sig-
nificant differences compared only to stage IIIA 
(p = 0.028). Stage IIB had statistically signifi-
cant different TLG values compared to stage IIIA 
(p = 0.002), IIIB (p = 0.010) and IIIC (p = 0.001). 
Stage IIIA showed significant differences between 
stage IIIC (p = 0.025) while stage IIIC with stage 
IVA (p = 0.034). 

The same observation was made when compar-
ing MTV and TNM classification (Fig. 3). Higher 
volumes of primary tumor were observed in pa-
tients with more advanced disease. However stage 
IVA showed lower MTV values than other stag-
es. The highest MTV values were found in stage 
IIIC (108.15 ± 127.24 cm3) and the lowest in stage 

Table 1. Mean values for assessed primary tumor parameters

Stage SUVmax MTV [cm3] TLG

IA2 6.8 ± 3.3 1.37 ± 0.42 11.31 ± 15.27

IA3 11.1 ± 5.9 6.27 ± 5.14 35.01 ± 22.17

IB 8.1 ± 2.8 11.14 ± 8.72 60.11 ± 58.77

IIA 13.4 ± 11.3 16.58 ± 13.77 170.41 ± 196.99

IIB 7.4 ± 4.0 19.49 ± 19.25 85.73 ± 87.06

IIIA 12.3 ± 4.1 68.10 ± 77.48 390.37 ± 316.48

IIIB 12.1 ± 5.2 49.44 ± 55.19 291.36 ± 287.38

IIIC 8.2 ± 12.4 108.15 ± 127.24 1003.20 ± 953.59

IVA 8.7 ± 3.9 31.05 ± 33.93 156.40 ± 247.26

IVB 9.4 ± 7.0 60.02 ± 131.15 345.79 ± 655.78

SUVmax — maximum the standarized uptake volume; MTV — metabolic tumor volume; TLG — total lesion glycolysis

Figure 1. TNM characteristic of analyzed group
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Figure 2. Total lesion glycolysis (TLG) values depends on 
stage of disease
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IA2 (1.37 ± 0.42 cm3). Statistically significant dif-
ferences were found between stage IA2 and IA3 
(p = 0.009), IB (p = 0.003), IIA (p = 0.004), IIB 
(p = 0.008), IIIA (p = 0.001), IIIB (p = 0.013), IIIC 
(p = 0.003) and IVA (p = 0.014). Stage IA3 showed 
statistically significant differences between stage IB 
(p = 0.017), IIIA (p = 0.026), IIIB (p = 0.043) and 
IIIC (p = 0.011). Stage IB showed significant differ-
ences in MTV only between stage IIIC (p = 0.036), 
while stage IIB between stage IIIA (p = 0.009), IIIB 
(p = 0.039) and IIIC (p = 0.001). Significant differ-
ences in MTV values were also found between stage 
IIIC and IVA (p = 0.024).

Figure 4 shows an example of discrepancy be-
tween the TNM classification and metabolic pa-
rameters. Patient A with very high activity within 
tumor mass in the left lung without any nodal and 
metastatic disease — so the TNM stage is IB and 
patient B with a small primary tumor (supposed to 
be classified as IA stage), however with brain metas-
tasis grouping patient as stage IVB. 

Discussion

NSCLC is the most common histopathological 
type of lung cancer with a poor prognosis [4]. Cur-
rently the TNM classification is the prognostic fac-
tor for patients with NSCLC. Based on this system, 
patients are classified into 4 stages according to the 
extent of the disease and each stage represent a het-
erogeneous group of patients. However, despite the 
proven benefits, the TNM classification has the limi-
tations of a pure morphological assessment [13]. 

PET/CT with commonly used 2-[18F]FDG is used 
in patients with various cancer disease (including 
NCSLC) for staging, radiotherapy planning and as-
sessing response to therapy [14, 15]. It provides in-

formation not only about anatomical changes in pa-
tients’ body, but what is more important, provides 
metabolic information [16]. Commonly 2-[18F]
FDG images are assessed using SUVmax which, ac-
cording to some authors, is a prognostic factor for 
several cancers [17], thus SUVmax should represent 
higher values in patients with more advanced stag-
es. In our study the highest values were shown in 
less advanced stages which is not in concordance 
with the above statement. Some patients in less 
advanced stages showed higher SUVmax values than 
patients in advanced stages and the explanation of 
this finding might be found in Figure 4. Also, the 
biggest limitation of using the SUVmax value is that 
it represents a single maximum pixel within the tu-
mor without the possibility of reflecting metabolic 
activity within the entire tumor. Beside that, some 
other factors may indicate the SUVmax like: blood 
glucose level, ROI definition, image reconstruction 
method, body composition etc. [18]. 

Other parameters that can be obtained from 
2-[18F]FDG PET/CT study are of increasing inter-
est. One of such parameters is MTV which reflects 
the volume of metabolically active tumor. In some 
studies, it has been shown that MTV is an inde-
pendent prognostic factor for lung cancer patients 
[19]. There are also several studies where authors 
concluded that tumor volumes assessed in 2-[18F]
FGD PET/CT images are more accurate than those 
determined by computed tomography (CT) or 
magnetic resonance imaging (MRI) alone [20]. In 
our study higher MTV values were observed in 

Figure 3. Metabolic tumor volume (MTV) values depending 
on TNM stage
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patients with more advanced stages; however, the 
highest value was found in stage IIIC and it cannot 
be explained by the T feature because T3 is also 
a part of stages IIB, IIIA and IIIB where MTV rep-
resents lower values. 

Another interesting metabolic parameter is TLG 
which was also concluded as a better prognostic 
factor for NSCLC than SUVmax [21–23]. TLG in-
cludes metabolic and volumetric information thus 
reflects changes in the whole tumor and is more 
accurate than a single pixel measured in SUVmax 
and can give a more accurate prognostic measure 
to the TNM classification. We also showed that 
TLG varies with TNM stage. Statistically significant 
higher values were shown in stage IIIC which might 
be partially explained by the fact that this stage 
includes patients with big tumors (T3) (MTV also 
showed the highest values in this stage); however, 
cannot be explained by nodal involvement because 
in this study we assessed only primary tumor pa-
rameters. 

One of the major limitations of this study is 
a small group of patients; however, based on this 
small group we confirmed that metabolic param-
eters expressed in 2-[18F]FGD PET/CT study differ 
from the TNM classification. While in the lowest 
stages these parameters are lower; there are sig-
nificant differences in more advanced stages which 
might have an influence on the management of 
patients with NSCLC. Moreover, this might also 
suggest two different cancer behaviors: in stage III 
cancer tends to grow locally, while in stage IV has 
a tendency to metastasize, which not always cor-
responds to tumor size. However, further studies 
on a bigger group of patients are needed to confirm 
this statement.

Conclusion

Metabolic parameters of the tumor expressed 
with MTV and TLG vary with TNM stage and can 
be considered as a biological description system for 
lung cancer. 

Conflict of interest
None declared.

Funding
The present study was support by Greater Poland 
Cancer Centre grant No 18/2017(161).

References

1.	 Bray F, Ferlay J, Soerjomataram I, et al. Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018; 68(6): 394–424, doi:  10.3322/
caac.21492, indexed in Pubmed: 30207593.

2.	 Didkowska J, Wojciechowska U, Mańczuk M, et al. Lung 
cancer epidemiology: contemporary and future challenges 
worldwide. Ann Transl Med. 2016; 4(8): 150, doi: 10.21037/
atm.2016.03.11, indexed in Pubmed: 27195268.

3.	 Opoka L, Kunikowska J, Podgajny Z, et al. Staging of non-
small cell lung cancer using CT and integrated PET-CT. 
Pneumonol Alergol Pol. 2013; 81(5).

4.	 Dela Cruz CS, Tanoue LT, Matthay RA. Lung cancer: epide-
miology, etiology, and prevention. Clin Chest Med. 2011; 
32(4): 605–644, doi: 10.1016/j.ccm.2011.09.001, indexed 
in Pubmed: 22054876.

5.	 Krzakowski M, Jassem J, Antczak A, et al. Cancer of the 
lung pleura and mediastinum. Oncol Clin Pract. 2019; 15.

6.	 Dong M, Liu J, Sun X, et al. Prognostic Value of 18F-FDG PET/
CT in Surgical Non-Small Cell Lung Cancer: A Meta-Anal-
ysis. PLoS One. 2016; 11(1): e0146195–659, doi: 10.1371/
journal.pone.0146195, indexed in Pubmed: 26727114.

7.	 Im HJ, Pak K, Cheon GiJ, et al. Prognostic value of volu-
metric parameters of (18)F-FDG PET in non-small-cell lung 
cancer: a meta-analysis. Eur J Nucl Med Mol Imaging. 2015; 
42(2): 241–251, doi: 10.1007/s00259-014-2903-7, indexed 
in Pubmed: 25193652.

8.	 Park SY, Cho A, Yu WS, et al. Prognostic value of total le-
sion glycolysis by 18F-FDG PET/CT in surgically resected 
stage IA non-small cell lung cancer. J Nucl Med. 2015; 
56(1): 45–49, doi: 10.2967/jnumed.114.147561, indexed 
in Pubmed: 25525185.

9.	 Wrona A, Jassem J. The new TNM classification in lung 
cancer [in Polish]. Onkol Prak Klin. 2009; 5: 250–260.

10.	 Detterbeck FC, Boffa DJ, Kim AW, et al. The Eighth Edition 
Lung Cancer Stage Classification. Chest. 2017; 151(1): 
193–203, doi:  10.1016/j.chest.2016.10.010, indexed in 
Pubmed: 27780786.

11.	 Cegła P, Burchardt E, Wierzchosławska E, et al. The effect 
of different segmentation methods on primary tumour 
metabolic volume assessed in F-FDG-PET/CT in patients 
with cervical cancer, for radiotherapy planning. Con-
temp Oncol (Pozn). 2019; 23(3): 183–186, doi: 10.5114/
wo.2019.89248, indexed in Pubmed: 31798336.

12.	 Larson SM, Erdi Y, Akhurst T, et al. Tumor Treatment Re-
sponse Based on Visual and Quantitative Changes in Glo-
bal Tumor Glycolysis Using PET-FDG Imaging. The Visual 
Response Score and the Change in Total Lesion Glycolysis. 
Clin Positron Imaging. 1999; 2(3): 159–171, doi: 10.1016/
s1095-0397(99)00016-3, indexed in Pubmed: 14516540.

13.	 Obara P, Liu H, Wroblewski K, et al. Prognostic value of 
metabolic tumor burden in lung cancer. Chin J Cancer 
Res. 2013; 25(6): 615–622, doi:  10.3978/j.issn.1000-
9604.2013.11.10, indexed in Pubmed: 24385688.

14.	 Cegla P, Urbanski B, Burchardt E, et al. Influence of 
18F-FDG-PET/CT on staging of cervical cancer. Nuklear-
medizin. 2019; 58(1): 17–22, doi:  10.1055/a-0809-4577, 
indexed in Pubmed: 30769369.

15.	 Lozano Ruiz FJ, Ileana Pérez Álvarez S, Poitevin Chacón 
MA, et al. The importance of image guided radiotherapy 

http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pubmed/30207593
http://dx.doi.org/10.21037/atm.2016.03.11
http://dx.doi.org/10.21037/atm.2016.03.11
https://www.ncbi.nlm.nih.gov/pubmed/27195268
http://dx.doi.org/10.1016/j.ccm.2011.09.001
https://www.ncbi.nlm.nih.gov/pubmed/22054876
http://dx.doi.org/10.1371/journal.pone.0146195
http://dx.doi.org/10.1371/journal.pone.0146195
https://www.ncbi.nlm.nih.gov/pubmed/26727114
http://dx.doi.org/10.1007/s00259-014-2903-7
https://www.ncbi.nlm.nih.gov/pubmed/25193652
http://dx.doi.org/10.2967/jnumed.114.147561
https://www.ncbi.nlm.nih.gov/pubmed/25525185
http://dx.doi.org/10.1016/j.chest.2016.10.010
https://www.ncbi.nlm.nih.gov/pubmed/27780786
http://dx.doi.org/10.5114/wo.2019.89248
http://dx.doi.org/10.5114/wo.2019.89248
https://www.ncbi.nlm.nih.gov/pubmed/31798336
http://dx.doi.org/10.1016/s1095-0397(99)00016-3
http://dx.doi.org/10.1016/s1095-0397(99)00016-3
https://www.ncbi.nlm.nih.gov/pubmed/14516540
http://dx.doi.org/10.3978/j.issn.1000-9604.2013.11.10
http://dx.doi.org/10.3978/j.issn.1000-9604.2013.11.10
https://www.ncbi.nlm.nih.gov/pubmed/24385688
http://dx.doi.org/10.1055/a-0809-4577
https://www.ncbi.nlm.nih.gov/pubmed/30769369


Reports of Practical Oncology and Radiotherapy 2021, vol. 26, no. 3

https://journals.viamedica.pl/rpor450

in small cell lung cancer: Case report and review of 
literature. Rep Pract Oncol Radiother. 2020; 25(1): 
146–149, doi:  10.1016/j.rpor.2019.12.013, indexed in 
Pubmed: 31933543.

16.	 Chao F, Zhang H. PET/CT in the staging of the non-small-
cell lung cancer. J Biomed Biotechnol. 2012; 2012: 783739, 
doi: 10.1155/2012/783739, indexed in Pubmed: 22577296.

17.	 Mirpour S, Mhlanga JC, Logeswaran P, et al. The role of 
PET/CT in the management of cervical cancer. AJR Am 
J Roentgenol. 2013; 201(2): W192–W205, doi:  10.2214/
AJR.12.9830, indexed in Pubmed: 23883234.

18.	 Sugawara Y, Zasadny KR, Neuhoff AW, et al. Reevaluation 
of the standardized uptake value for FDG: variations with 
body weight and methods for correction. Radiology. 1999; 
213(2): 521–525, doi: 10.1148/radiology.213.2.r99nv37521, 
indexed in Pubmed: 10551235.

19.	 Zhang H, Wroblewski K, Pu Y. Prognostic value of tumor 
burden measurement using the number of tumors in 
non-surgical patients with non-small cell lung cancer. Acta 
Radiol. 2012; 53(5): 561–568, doi: 10.1258/ar.2012.120080, 
indexed in Pubmed: 22661603.

20.	 Daisne JF, Duprez T, Weynand B, et al. Tumor volume 
in pharyngolaryngeal squamous cell carcinoma: com-
parison at CT, MR imaging, and FDG PET and valida-
tion with surgical specimen. Radiology. 2004; 233(1): 
93–100, doi:  10.1148/radiol.2331030660, indexed in 
Pubmed: 15317953.

21.	 Liao S, Penney BC, Wroblewski K, et al. Prognostic value of 
metabolic tumor burden on 18F-FDG PET in nonsurgical 
patients with non-small cell lung cancer. Eur J Nucl Med 
Mol Imaging. 2012; 39(1): 27–38, doi:  10.1007/s00259-
011-1934-6, indexed in Pubmed: 21946983.

22.	 Liao S, Penney BC, Zhang H, et al. Prognostic value of 
the quantitative metabolic volumetric measurement on 
18F-FDG PET/CT in Stage IV nonsurgical small-cell lung 
cancer. Acad Radiol. 2012; 19(1): 69–77, doi:  10.1016/j.
acra.2011.08.020, indexed in Pubmed: 22142679.

23.	 Kim K, Kim SJ, Kim IJ, et al. Prognostic value of volu-
metric parameters measured by F-18 FDG PET/CT in 
surgically resected non-small-cell lung cancer. Nucl 
Med Commun. 2012; 33(6): 613–620, doi:  10.1097/
MNM.0b013e328351d4f5, indexed in Pubmed: 22407127.

http://dx.doi.org/10.1016/j.rpor.2019.12.013
https://www.ncbi.nlm.nih.gov/pubmed/31933543
http://dx.doi.org/10.1155/2012/783739
https://www.ncbi.nlm.nih.gov/pubmed/22577296
http://dx.doi.org/10.2214/AJR.12.9830
http://dx.doi.org/10.2214/AJR.12.9830
https://www.ncbi.nlm.nih.gov/pubmed/23883234
http://dx.doi.org/10.1148/radiology.213.2.r99nv37521
https://www.ncbi.nlm.nih.gov/pubmed/10551235
http://dx.doi.org/10.1258/ar.2012.120080
https://www.ncbi.nlm.nih.gov/pubmed/22661603
http://dx.doi.org/10.1148/radiol.2331030660
https://www.ncbi.nlm.nih.gov/pubmed/15317953
http://dx.doi.org/10.1007/s00259-011-1934-6
http://dx.doi.org/10.1007/s00259-011-1934-6
https://www.ncbi.nlm.nih.gov/pubmed/21946983
http://dx.doi.org/10.1016/j.acra.2011.08.020
http://dx.doi.org/10.1016/j.acra.2011.08.020
https://www.ncbi.nlm.nih.gov/pubmed/22142679
http://dx.doi.org/10.1097/MNM.0b013e328351d4f5
http://dx.doi.org/10.1097/MNM.0b013e328351d4f5
https://www.ncbi.nlm.nih.gov/pubmed/22407127

