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THESIS OUTLINE 

This Master thesis in Medicine consists of an Original Scientific Article, written between 

September 2018 and October 2019, with bibliographic research until March 2019. 

This article was written with the goal of submission to the European Journal of Nuclear 

Medicine. Therefore, the instructions for the authors of this journal were followed and are 

presented in Appendix 1. 
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RESUMO 

 

INTRODUÇÃO 

O carcinoma do pulmão é a maior causa de mortalidade relacionada com cancro a nível 

mundial, sendo o carcinoma do pulmão de não pequenas células (CPNPC) o tipo histológico 

mais frequente. A tomografia por emissão de positrões com tomografia computarizada com 

18-fluor-2-deoxi-D-glucose (PET/CT [18F]FDG) é considerada uma ferramenta fundamental 

para o diagnóstico, estadiamento, planeamento terapêutico e avaliação de resposta 

terapêutica no CPNPC. A PET/CT [18F]FDG pode ser interpretada segundo parâmetros 

quantitativos tais como volume metabólico tumoral (MATV) e glicólise total da lesão (TLG). O 

MATV é obtido somando os volumes de todas as lesões metabolicamente ativas na PET/CT 

[18F]FDG. O TLG resulta do produto do MATV com o grau de captação do [18F]FDG, refletindo 

a carga tumoral total. Esta definição sugere que o TLG poderá ser mais sensível na predição 

da sobrevivência global em doentes com CPNPC. 

 

OBJETIVO  

Comparar o valor prognóstico dos parâmetros MATV e TLG em doentes com CPNPC, para 

melhor estadiar estes doentes.  

 

MÉTODOS E RESULTADOS 

Fez-se o estadiamento de 334 doentes com CPNPC, sem metástases cerebrais ou história 

de outras neoplasias, entre janeiro de 2011 e agosto de 2018, de acordo com a oitava edição 

do estadiamento TNM para CPNPC. O estudo incluiu 92 (27.5%) mulheres e 242 (72.5%) 

homens, com idades entre os 33 e os 38 anos (média 66,16 ± 10,21 anos), que foram 

avaliados retrospetivamente. O MATV e o TLG foram quantificados, com recurso à PET/CT 

[18F]FDG. O tempo de sobrevivência foi analisado pelo método de Kaplan-Meier, usando o 

teste do Log-Rank quando apropriado, tendo a regressão de Cox sido aplicada para identificar 

preditores daquele e avaliado o C Index dos marcadores de prognóstico. Os testes foram 

avaliados ao nível de significância de 5%.  Foram calculados intervalos de confiança a 95% 

após bootstrapping.  

Os doentes foram seguidos entre 0,50 e 98,3 meses (média 42,40 + 2,27 meses e mediana 

22,63 + 2,61). A sobrevivência global ao ano e aos cinco anos foi, respetivamente, 97,0% e 

85,4%, com uma taxa de mortalidade global de 84,6%. 
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Os resultados revelaram que quer o MATV quer o TLG, ajustados a idade do doente, 

conjuntamente com o estadiamento TNM, têm um valor prognóstico elevado, e que o valor 

prognóstico do TLG nunca é inferior ao do MATV. 

 

CONCLUSÃO 

O MATV e o TLG são ambos fortes preditores de sobrevivência global nos doentes com 

CPNPC. Sendo que o TLG, por definição, faz mais sentido em termos clínicos, prova-se que 

o seu valor prognóstico não é inferior ao do MATV. 

 

 

Palavras-chave: [18F]FDG PET/CT; quantificação; carga tumoral; valor prognóstico; cancro 

do pulmão 
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ABREVIATIONS 

NSCLC non-small cell lung cancer 

TNM tumor, nodes, metastases 

[18F]FDG PET/CT Positron Emission Tomography/Computed Tomography (PET/CT) with 18F-

labeled 2-deoxy-D-glucose ([18F]FDG) 

SUV standardized uptake value  

MATVwb whole-body metabolic active tumor volume 

TLGwb whole-body total lesion glycolysis 

HR Hazard Ratio 
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ABSTRACT 

PURPOSE 

To compare the prognostic value of the parameters whole-body metabolic active tumor volume 

(MATVwb) and whole-body total lesion glycolysis (TLGw) in non-small cell lung cancer 

(NSCLC) patients, to allow their further staging stratification. 
 

METHODS 

Initial TNM staging of 334 NSCLC patients was performed, in patients without brain 

metastases or history of other malignancies, recruited between January/2011 and 

August/2018, staged according to the eighth edition of TNM staging system for NSCLC, in 

similarity with the previous article by Lapa et al. [1]. The study included 92 (27.5%) women and 

242 (72.5%) men, aged between 33 and 88 years (66.16 ± 10.21), who were retrospectively 

evaluated. MATVwb and TLGwb were quantified using [18F]FDG PET/CT.  

Survival time was analyzed through the Kaplan-Meier method, applying the log-rank test 

whenever appropriate, and the Cox regression was applied in order to identify predictors of 

overall survival. The C Index was obtained for identified predictors. Statistical tests were 

evaluated at a 5% significance level and 95% confidence intervals were obtained after 

bootstrapping.  
 

RESULTS 

Patients’ follow-up time ranged between 0.50 and 98.3 months (mean 42.40 + 2.27, median 

22.63 + 2.61 months). The one and five-years survival rate were 97.0% and 85.4%, with an 

overall mortality rate of 84.6%. 

The results revealed that either MATVwb or TLGwb, adjusted for patients age, along with stage 

or sub-stage of the disease have a high prognostic value on patient´s overall survival time. 

Furthermore, TLGwb does not have an inferior prognostic value than MATVwb. 

 

CONCLUSION 

MATVwb and TLGwb are strong predictors of overall survival in NSCLC patients. Moreover, 

having the TLGwb more sensibility, by definition, it always provides at least the same prognosis 

value as MATVwb thus, its use is more accurate, in a clinical perspective. 
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INTRODUCTION 

Lung cancer remains the leading cause of cancer mortality worldwide, representing close to 1 

in each 5 cancer deaths (18.4%)  [2]. The main histological type is non-small cell lung cancer 

(NSCLC), comprising 80-85% of all histological types among lung cancer patients. The 

prognosis of NSCLC is generally poor, with a five-year overall survival rate that goes from 73% 

(stage IA) to 13% (stage IV) [3]. 

The American Joint Committee on Cancer (AJCC) and the Union for International Cancer 

Control (UICC) have developed the TNM (tumor, nodes, metastases) classification system for 

NSCLC patients staging. The TNM system is used to choose the best treatment and to predict 

the prognosis. Additional prognostic factors influencing treatment decisions include age, 

gender, previous treatments and tumor histology, but the clinical TNM (cTNM) is still 

considered the most important prognostic factor [4, 5]. 

The recently revised eighth edition of the TNM staging system for NSCLC (January/2017) 

defines new T and M descriptors and updates stage groupings, in the effort of improving 

prognostic accuracy [6]. However, even with the new revised edition, the TNM system does 

not contain volumetric tumor burden information [4]. Therefore, despite the efforts in improving 

prognostic value, much remains to be done [7-9]. 

Positron Emission Tomography/Computed Tomography (PET/CT) with 18F-labeled 2-deoxy-

D-glucose ([18F]FDG) combines metabolic and morphologic data, and is an extremely useful 

tool in diagnosis, initial staging, restaging, recurrence, and treatment response assessment in 

NSCLC [10, 11]. 

Currently, in clinical practice, [18F]FDG PET/CT is interpreted mostly by a qualitative (visual) 

image analysis to serve the purposes of the cTNM staging. However, to get a better prognosis 

prediction, some quantification parameters may be useful [12, 13]. 

The standardized uptake value (SUV) is the most commonly used parameter. Maximum SUV 

(SUVmax) represents the voxel with the maximum [18F]FDG uptake in the region of interest 

(ROI) [7, 14]. This value reflects metabolic grade and lesion aggressiveness [15, 16]. However, 

many studies have already suggested that whole-body metabolic active tumor volume 

(MATVwb) and whole-body total lesion glycolysis (TLGwb) have better prognostic value than 

SUVmax in NSCLC patients, independent of tumor stage, with low inter-observer variability [8, 

14, 17-20]. 

The volume-based parameters, MATVwb and TLGwb, reflect tumor aggressiveness with more 

accuracy [21, 22]. MATVwb, measured in cm3, obtained through the some of the volumes of 

all metabolically active lesions (primary tumor and metastatic lesions), reflects the 

metabolically active tumor mass. TLGwb (the product SUVmean x MATVwb) relates the intensity 

of [18F]FDG uptake to the metabolically active tumor volume, reflecting the tumor burden. This 
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definition suggests it might be more sensitive in the prediction of life expectancy in NCSLC 

patients. As already demonstrated in the previous study by Lapa et. al, MATVwb quantified on 

initial staging [18F]FDG PET/CT is an independent, statistically significant predictor of overall 

survival [1]. 

We aim to compare the prognostic value of MATVwb and TLGwb, investigating which 

parameter has higher overall survival predictive power in NSCLC patients and, therefore, 

higher potential ability to further stratify these patients. 
 

 

MATERIAL AND METHODS 

STUDY SAMPLE 

This work was approved by the Institutional Ethics Committee. This type of retrospective study 

did not require formal consent, once the data were anonymized. 

Three hundred thirty-four patients diagnosed with NSCLC who performed [18F]FDG PET/CT 

for initial staging, between January/2010 and July/2018, were retrospectively evaluated. 

Ninety-two (27.5%) were female and two hundred forty-two (72.5%) were male, aged between 

33 to 88 years (mean ± SD: 66.2 ± 10.2). None of the patients included in the study had brain 

metastases (excluded by magnetic resonance) or a history of other malignancies. The PET/CT 

scans were performed within 17 days of diagnosis and before any therapeutic intervention. 

The histological types and cTNM stages found in the study sample are described in table 1. 

 
Table I: Histological characterization and cTNM stage of the study sample 

Histological type n (%)  cTNM 
stage 

n (%) cTNM 
substage 

n (%) 

Adenocarcinoma 194 (58.1%)  I 45 (13.5%) IA 32 (9.6%) 

Epidermoid carcinoma 80 (24.0%)    IB 13 (3.9%) 

Adenosquamous 
carcinoma 

25 (7.5%)  II 41 (12.3%) IIA 10 (3.0%) 

Adenomucinous 
carcinoma 

17 (5.1%)    IIB 31 (9.3%) 

Pleomorphic carcinoma 9 (2.7%)  III 124 (37.1%) IIIA 47 (14.1%) 

Sarcomatoid carcinoma 6 (1.8%)    IIIB 51 (15.3%) 

Large cell carcinoma 2 (0.6%)    IIIC 26 (7.8%) 

Bronchoalveolar 
carcinoma 

1 (0.3%)  IV 124 (37.1%) IVA 53 (15.9%) 

     IVB 71 (21.3%) 
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After histological characterization and cTNM staging of the lung tumor, patients were treated 

according to the therapeutic strategies most appropriate to their clinical situations, respecting 

the current good practice guidelines [3]. 

 

[18F]FDG PET/CT ACQUISITION PROTOCOL 

For this monocentric study the [18F]FDG PET/CT scans were conducted according to the 

institution’s current protocol: All patients fulfilled a 6-hour fast, blood glucose levels were 

evaluated and required to be below 151 mg/dL before administration of [18F]FDG, 

intravenously. The administered activities ranged from 181.3 to 658.6 MBq (mean ± SD: 341.9 

± 78.7). Images were acquired 44 to 201 minutes after intravenous injection (mean ± SD: 79.3 

± 23.0). There where variations observed in the administered activities and times of 

biodistribution related to the usual conditions of clinical practice [23]. Whole-body images of 

each patient (in dorsal decubitus position, with arms above the head) were acquired, using a 

PET/CT scanner General Electric Discovery ST (GE Healthcare, Waukesha, WI, USA). A CT 

scan was then performed, for attenuation correction of PET data and for anatomical mapping, 

using the following acquisition parameters: 120 kV of voltage, smart mA (with current values 

between 10 and 200 mA and noise index 35), pitch 1.5:1, rotation 0.5 s and slice thickness 

3.75 mm and 90 mA of tube current. Finally, the PET emission study was obtained at 3-minute 

acquisition time per table position, in a 3-dimensional mode with a Field of View diameter of 

70 cm, following the manufacturer’s recommendations. The attenuation-corrected PET images 

using the CT data were reconstructed using the VUE Point 3-D iterative reconstruction 

algorithm (35 subsets, two iterations), and 256 × 256 matrix. A 4-mm full-width at half maximum 

post-reconstruction filter was applied.  

 

AQUISITION METHODOLOGY 

The cTNM stage assigned to each patient was recorded. Given the limited number of patients 

included in the study, patients belonging to the nine cTNM substages were also grouped in 

stages: stage I (IA and IB) (n = 45); stage II (IIA and IIB) (n = 41); stage III (IIIA, IIIB and IIIC) 

(n = 124); stage IV (IVA and IVB) (n = 124). Both stage and sub-stage were considered as 

factors in the analysis. 

The [18F]FDG PET/CT scans were retrospectively re-evaluated on an Advanced post-

processing Workstation (Advanced Windows 4.4 GE Medical Systems, Milwaukee, USA). 

Each patient’s primitive lesions were delineated and evaluated using the Volume Computer 

Assisted Reading (PET_VCAR) software (version vxtl_8_3_65). A pre-defined threshold SUV 

value of 2.5 was defined and this software generated whole-body 3-D regions of interest. Two 
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nuclear medicine specialists assessed the [18F]FDG PET/CT images and manually excluded 

the regions corresponding to physiological uptake and/or uptake in benign lesions. 

Subsequently, 3-D regions of interest were obtained, corresponding to the primary lung tumor 

and all metastatic lesions. To calculate MATVwb and TLGwb, quantitative analysis was 

performed. A representative example from a patient with metastatic NSCLC is shown on figure 

1. 

 

 
Figure 1 – a. [18F]FDG PET/CT in a 77-year-old patient with stage IV lung adenocarcinoma with lung, 

pleural, supra-renal and bone metastases. b. program obtaining of quantitative parameters on the same 

patient. 

 

STATISTICAL ANALYSIS 

Quantitative data were presented with minimum-maximum, mean ± standard deviation or 

median (inter quartile range), while qualitative data were presented by its absolute and relative 

frequencies.  

The follow-up time was calculated, in months, for each patient, since the date of his/her initial 

staging [18F]FDG PET/CT scan to the date of his/her death, if it has occurred; otherwise, the 

patients’ follow-up time was counted until the 29th of august 2018.   

The eligible method for this type of analysis is Cox regression and Survival analysis, 

particularly using the Kaplan-Meier estimator, and the Harrel’s C Index to assert each variable 

or set of variables prognostic value, as well as its Hazzard ratio (HR). In order to increase 

confidence in the results, one thousand random sub-samples with approximately 80% of the 

original sample size were obtained and analysis was repeated for each one, which allowed us 

to obtain results with a 95% confidence interval instead of a single estimated value. 
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In each one of the 1000 samples, a Cox regression with each one of the variables considered 

(MATVwb, TLGwb, SUVmax, SUVmean, Stage, Substage, Age, Administered Activity, Gender, 

Histology and Biodistribution interval) was performed. 

The variables were then ordered according to its importance for survival (HR) and its 

prognostic value (CI), after computing its Z score based on the 1000 simulations. The C Index 

Z score was computed comparing it to a random concordance (50%). The variables that were 

simultaneously statistically significant (based on absolute Z scores > 1.96) for the HR and the 

prognostic value for survival were considered into a multiple Cox regression model, 

considering absence of multicollinearity between independent variables. 

Multicollinearity was assumed to exist between stage and sub-stage, for obvious motives. For 

all the other quantitative variables, the presence of multicollinearity was assumed whenever 

they presented an absolute Spearman’s correlation coefficient above 0.8. 

Therefore, four models were obtained, and were compared in terms of the 95% confidence 

interval for the model C-Index. All the models included the variable age and SUVmax, combined 

with TNM stage or sub-stage as well as MATVwb or TLGwb. 

Analysis were conducted using R (R Foundation for Statistical Computing, Vienna, Austria) 

software throughout R Studio and were interpreted at a 5% significance level. 
 

 

RESULTS 

MATVWB AND TLGWB AS PREDICTORS OF OVERALL SURVIVAL 

The MATVwb, TLGwb, SUVmax and SUVmean values calculated are presented in Tables II to V, 

respectively, either for the total sample as for TMN stages and TMN sub-stages of the disease. 

When comparing those values between TNM stages or between TNM sub-stages in each TNM 

stage, we found statistically significant differences in all the parameters (all the comparisons 

presented a p value below 0.001). 
 

Table II: MATVwb values, in cm3, measured in the total sample and in the groups defined by cTNM 

stages I, II, III and IV, and substages IA, IB, IIA, IIB, IIIA, IIIB, IIIC, IVA and IVB. 

   N Mean±SD Min Max Median Q1-Q3 

Total 334 107.1±170.0 0.1 1181.0 46.8 11.1-119.9 

Stage I 46 10.1±12.7 0.2 54.6 5.0 2.1-14.3 

IA 33 4.4±5.5 0.2 31.5 3.6 1.1-5.3 

IB 13 24.4±14.5 3.0 54.6 23.6 17.3-27.1 
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Stage II 41 37.0±43.3 0.1 176.3 24.1 5.4-56.5 

IIA 10 37.0±17.5 5.5 62.8 39.4 26.6-46.5 

IIB 31 37.0±49.1 0.1 176.3 11.2 2.5-60.9 

Stage III 123 84.2±99.9 0.2 485.1 48.7 16.7-99.8 

IIIA 47 60.0±84.1 0.2 485.1 36.2 17.4-66.3 

IIIB 50 90.6±103.1 0.7 462.6 63.4 13.3-131.8 

IIIC 26 115.7±112.4 7.2 398.1 86.0 32.2-194.9 

Stage IV 124 189.0±235.0 0.2 1181.0 100.4 42.8-241.7 

IVA 53 125.4±207.4 0.2 1181.0 55.8 21.9-124.0 

IVB 71 37.0±43.3 12.1 1093.2 168.1 65.4-307.3 

N-number of patients; SD-standard deviation; Min-minimum; Max-maximum; Q1 – 1st quartile; Q3 – 3rd 

quartile 

 
Table III: TLGwb values, measured in the total sample and in the groups defined by cTNM stages I, II, 

III and IV, and substages IA, IB, IIA, IIB, IIIA, IIIB, IIIC, IVA and IVB. 

 N Mean±SD Min Max Median Q1-Q3 

Total 334 579.8±884.1 0.3 5419.2 262.5 48.8-727.3 

Stage I 46 55.6±80.1 0.7 309.2 21.6 6.4-74.0 

IA 33 19.1±25.1 0.7 138.6 12.7 3.9-25.5 

IB 13 148.3±96.8 9.8 309.2 124.3 89.2-208.7 

Stage II 41 249.8±320.5 0.3 1377.1 141.7 17.4-387.4 

IIA 10 256.4±199.7 17.1 729,2 220.7 141.7-277.9 

IIB 31 247.6±353.5 0.3 1377.1 42.9 7.2-409.0 

Stage III 123 506.6±593.4 0.5 3065.5 270.7 75.7-674.0 

IIIA 47 380.1±573.5 0.5 3065.5 219,87 82.4-432.4 

IIIB 50 554.5±595.4 1.9 1950.6 335,45 55,00-938.5 

IIIC 26 643.2±603.8 24.5 2005.1 509,15 144,00-1271.2 

Stage IV 124 956.1±1201.6 0.6 5419.2 497.0 195.7-1139.5 

IVA 53 718.8±1151.4 0.6 5419.2 293.5 84.5-803.9 

IVB 71 1133,28±1215.6 43.2 5247.3 738.1 372.0-1397.6 
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N-number of patients; SD-standard deviation; Min-minimum; Max-maximum; Q1 – 1st quartile; Q3 – 3rd 

quartile 

 

Table IV: SUVmax values, measured in the total sample and in the groups defined by cTNM stages I, II, 

III and IV, and substages IA, IB, IIA, IIB, IIIA, IIIB, IIIC, IVA and IVB. 

   N Mean±SD Min Max Median Q1-Q3 

Total 334 13.4±7.3 2.9 59.6 12.7 8.4-16.6 

Stage I 46 8.9±4.9 2.9 29.7 7.6 5.1-12.6 

IA 33 7.2±3.0 2.9 13.4 6.8 4.9-9.1 

IB 13 13.0±6.4 4.4 29.7 13.7 9.1-15.1 

Stage II 41 13.3±10.1 3.0 59.6 11.6 5.4-17.9 

IIA 10 19.3±15.5 4.5 59.6 16.3 10.9-17.9 

IIB 31 11.4±6.9 3.0 23.7 9.3 4.5-17.9 

Stage III 123 14.1±6.7 3.3 41.9 12.9 9.5-17.5 

IIIA 47 14.6±8.3 3.5 41.9 12.7 8.0-18,10 

IIIB 50 13.6±6.0 3.3 32.2 12.8 10.0-16.5 

IIIC 26 14.5±4.7 5.2 26.2 15.8 10.5-17.2 

Stage IV 124 14.3±7.0 3.0 45.6 13.4 10.0-17.3 

IVA 53 14.5±9.4 3.0 45.6 13.0 8.0-17.5 

IVB 71 14.1±5.0 5.8 33.1 13.8 11.1-16.0 

N-number of patients; SD-standard deviation; Min-minimum; Max-maximum; Q1 – 1st quartile; Q3 – 3rd 

quartile 

 

Table V: SUVmean values, measured in the total sample and in the groups defined divided by cTNM 

stages I, II, III and IV, and substages IA, IB, IIA, IIB, IIIA, IIIB, IIIC, IVA and IVB. 

   N Mean±SD Min Max Median Q1-Q3 

Total 334 5.1±1.9 2.5 16.3 4.8 3.9-6.1 

Stage I 46 4.5±1.6 2.7 9.4 3.9 3.4-5.0 

IA 33 3.9±0.9 2.7 6.1 3.8 3.3-4.4 

IB 13 5.8±2.1 3.3 9.4 5.7 4.0-6.9 

Stage II 41 5.3±2.2 2.7 11.6 5.0 3.3-6.3 

IIA 10 6.2±2.3 3.1 11.6 5.6 5.0-7.2 
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IIB 31 5.1±2.1 2.7 9.8 4.6 3.0-6.3 

Stage III 123 5.6±1.9 2.5 12.5 5.4 4.2-6.4 

IIIA 47 5.8±2.3 2.5 12.5 5.4 4.1-6.7 

IIIB 50 5.6±1.9 2.7 11.1 5.5 4.1-6.9 

IIIC 26 5.4±1.3 3.0 8.9 5.4 4.5-6.3 

Stage IV 124 4.9±1.7 2.5 16.3 4.6 4.0-5.3 

IVA 53 5.2±2.3 2.5 16.3 4.8 3.8-6.1 

IVB 71 4.7±1.0 3.0 7.6 4.6 4.0-5.2 

N-number of patients; SD-standard deviation; Min-minimum; Max-maximum; Q1 – 1st quartile; Q3 – 3rd 

quartile 

 

Age, Gender, Histology, Stage, Substage, MATVwb, TLGwb, SUVmax, SUVmean, Administrated 

Activity, and Biodistribution interval were considered one at a time in a Cox regression model 

and the mean hazard ratio and concordance index of the 1000 simulations were computed 

and transformed into Z scores. The importance of each one of the previous independent 

variables for overall survival, measured in terms of Z scores, were plotted in a bar graph. 

 

 

 
Figure 2 – Relative importance of each independent variable for overall survival based on the Z scores 

for the hazard ratio (plot on the left) or for the C Index above 0.5 (plot on the right) 

 

As observed in figure 2, the common independent variables with prognosis value to patients’ 

overall survival (Z score > 1.96, corresponding to statistically significant values) based on both 

criteria are: age, SUVmax, MATVwb and TLGwb, and stage or sub-stage of the disease. Thus, 

multiple Cox regression should be performed, taking into account the interactions between 

variables.  
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Table VI: Hazard ratio (HR) and Concordance Index statistic (C Index), both presented with its standard 

error (SE) and p-value (HR compared to value 1; C Index compared to value 0.5) 

Variable HR + SE (p) C Index + SE (p) 
Age 1.023 + 0.007 (0,002) 0.567 + 0.024 (0.027) 

Gender (M) 1.511 + 0.168 (0.014) 0.544 + 0.018 (0.149) 

Histology 1.053 + 0.049 (0.297) 0,531 + 0.023 (0.316) 

Stage 2.360 + 0.095 (< 0.001) 0.699 + 0.019 (< 0.001) 

Substage 1.450 + 0.037 (< 0.001) 0.724 + 0.019 (< 0.001) 

MTVwb 1.003 + 3.00x10-4 (< 0.001) 0.718 + 0.020 (< 0.001) 

TLGwb 1.001 + 5.85x10-5 (< 0.001) 0.707 + 0.020 (< 0.001) 

SUVmax 1.033 + 0.008 (< 0.001) 0.627 + 0.024 (< 0.001) 

SUVmean 1.042 + 0.032 (0.204) 0.553 + 0.024 (0.083) 

Initial Activity 0.950 + 0.034 (0.127) 0.547 + 0.024 (0.125) 

Biodistribution interval 1.001 + 0.003 (0.628) 0.526 + 0.023 (0.398) 

 

As observed in figure 2 and in table VI, males present a higher risk for mortality than females 

(HR = 1.511; p = 0.014), keeping in account all the other characteristics. However, estimation 

of the survival time is not accurate when it is only based on gender. Independent variables that 

are simultaneously predictors of survival and that may be used to accurately predict the risk of 

mortality, when used one at a time, are: stage; substage; MATVwb; TLGwb; SUVmax and, as 

previously mentioned, age.  

Therefore, a model considering those independent variables together, with more information, 

should perform better than models that use only one of the variables alone. Thus, multiple Cox 

regression is justified, considering the five variables that present predictive prognostic value. 

However, it is not possible to perform a multivariate analysis when two variables have a strong 

correlation between them (r > 0.8). Thus, due to strong correlation between the TLGwb and 

the MATVwb (r = 0.957; p < 0.001) (Table VII), different models were tested to avoid 

multicollinearity. 
 

Table VII: Pearson Correlation between variables, measured in the total sample (334 patients).  
 

  MTVwb TLGwb SUVmax IDADE 

MTVwb r 1 0.957 0.279 -0.101 

p 
 

< 0.001 < 0.001 0.065 

TLGwb r 0.957 1 0.425 -0.084 

p < 0.001 
 

< 0.001 0.125 

SUVmax r 0.279 0.425 1 -0.057 
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p < 0.001 < 0.001 
 

0.303 

IDADE r -0.101 -0.084 -0.057 1 

p 0.065 0.125 0.303 
 

r – Pearson correlation coefficient 

 

DEVELOPMENT OF MODELS FOR SURVIVAL PREDICTION 

Four multiple Cox regression models were tested, using Stage/Substage, MATVwb/TLGwb 

and SUVmax as predictors, adjusted for age, either tested as main effects or tested as 

interaction or even full factorial. Only main effects models produced statistically significant 

results thus, interaction or full factorial models were not presented in these results.  

The models in analysis considered the following independent variables: 

Model 1 -  Age, Stage, MATVwb, SUVmax 

Model 2 -  Age, Stage, TLGwb, SUVmax 

Model 3 -  Age, Sub-Stage, MATVwb, SUVmax 

Model 4 -  Age, Sub-Stage, TLGwb, SUVmax 

Models were developed and evaluated in 1000 random samples of size 80% of the total study 

sample, and mean concordance index (C Index) as well as mean Akaike Information Criteria 

(AIC) were obtained for the simulations. The mean standard error for C Index was also 

obtained and used to determine the 95% confidence interval for the C Index statistic. Results 

may be observed in figure 3 and we may assume that all the models perform quite well, as 

each one of them is  expected to present values of C Index above 70%, which denotes good 

prediction.  

 

 
Figure 3 - Average C Index for each one of the models and its respective 95% confidence interval (the 

mean Aikaike Information Criteria (AIC) for each one of the models is also referred) 
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Furthermore, predictions using the cTNM substage perform slightly better than models that 

use the cTNM stage, but there were no statistically significant differences in the C Index 

statistic between models 1 and 3 (non-adjusted p = 0.546), or between models 2 and 4 (non-

adjusted p = 0.508). The same conclusion applies to the comparison of models 1 and 2 (non-

adjusted p = 0.754), or models 3 and 4 (non-adjusted p = 0.799), where the dissimilarity term 

is the use of the MATVwb or the TLGwb for prediction (figure 3 and table VIII). It should also 

be noted that the mean standard error for each model is very similar, differing only after the 

third decimal place, which denotes accuracy between the 1000 simulations. 

 
 

Table VIII: Mean Concordance Index statistic (C Index) obtained for the 1000 simulations, its mean 

standard error (SE), confidence interval and p-value (C Index compared to value 0.5) 

Model C Index + SE (p) 95% Confidence interval 
1 0.752 + 0.019 (< 0.001) 0.716 – 0.789 

2 0.747 + 0.019 (< 0.001) 0.710 – 0.783 

3 0.764 + 0.018 (< 0.001) 0.728 – 0.799 

4 0.759 + 0.018 (< 0.001) 0.723 – 0.795 

 

Concerning the coefficients for each model, aging is always considered as a bad prognostic 

marker, and increasing stage or sub-stage, and increasing MATVwb or TLGwb values are 

considered as risk factors for mortality. (table IX) 
 
Table IX: Mean Hazard Ratio (HR) obtained for the 1000 simulations and mean p-value between 

brackets 
Model Age Stage Sub-stage MTVwb TLGwb SUVmax 
1 4.821 

(< 0.001) 
6.825 

(< 0.001) 
- 5.700 

(< 0.001) 
- 0.570 

(0.569) 

2 3.387 

(0.002) 

7.104 

(< 0.001) 

-  4.364 

(< 0.001) 

0.514 

(0.676) 

3 3.883 

(< 0.001) 

- 7.489 

(< 0.001) 

4.953 

(< 0.001) 

- 1.889 

(0.095) 

4 3.599 

(< 0.001) 

- 7.905 

(< 0.001) 

- 3.764 

(< 0.001) 

1.096 

(0.349) 

 

We also have determined the 95% confidence limits for the p-values. They were not presented 

for maintaining table IX simplicity; however, all statistically significant values presented the 

upper 95% confidence limit within statistically significance (the highest 95% upper confidence 
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for p-value was achieved for age in model 2: 0.008). Non-statistically significant p-values were 

obtained only for SUVmax, where all the 95% confidence intervals ranged from 0 to 1, indicating 

lack of statistically significant predictive value. 
 

Therefore, models should be adjusted excluding SUVmax and recalculating HR for the 

remaining variables, comparing the performance of this new models using the same 

methodology presented on figure 3 and tables VIII and IX. These results are presented in 

tables X and XI and figure 4. 

Final models: 

1 -  Age, Stage, MATVwb 

2 -  Age, Stage, TLGwb 

3 -  Age, Sub-Stage, MATVwb 

4 -  Age, Sub-Stage, TLGwb 

 
Table X: Mean C Index statistic obtained for the 1000 simulations for the final models, its mean standard 
error (SE), confidence interval and p-value (C Index compared to value 0.5) 

Final model C Index + SE (p) 95% Confidence interval 
1 0.750 + 0.019 (< 0.001) 0.713 – 0.786 

2 0.745 + 0.019 (< 0.001) 0.708 – 0.782 

3 0.759 + 0.019 (< 0.001) 0.722 – 0.795 

4 0.756 + 0.019 (< 0.001) 0.719 – 0.792 

 

As observed in table X, the four models present similar C Index values, all statistically 

significant, demonstrating moderate to good prognostic value as the lower limit of each 95% 

confidence interval for the C Index are all above 0.700. The interception of those confidence 

intervals and the high statistically significance for the hazard ratios (table XI) of each variable 

in each model indicate that either one of the models may be used to predict these patients’ 

survival. 
 

Table XI: Mean Hazard Ratio (HR) obtained for the 1000 simulations of the final models and mean p-
value 

Final Model Age Stage Sub-stage MTVwb TLGwb 
1 4.821 

(< 0.001) 

6.825 

(< 0.001) 

- 5.700 

(< 0.001) 

- 

2 3.362 

(0.002) 

7.115 

(< 0.001) 

-  5.467 

(< 0.001) 

3 3.738 - 7.499 5.837 - 
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(< 0.001) (< 0.001) (< 0.001) 

4 3.538 

(< 0.001) 

- 7.894 

(< 0.001) 

- 5.100 

(< 0.001) 

 

 

 

Figure 4 -  Average C Index for each one of the final models and its respective 95% confidence interval 
(the mean Aikaike Information Criteria (AIC) for each one of the models is also referred) 

 

These results reveal that stage or sub-stage of the disease, together with MATVwb or TLG-

wb, adjusted for patients age, have a high prognostic value on both patient´s survival rate and 

survival time (Figure 4). Moreover, either one of these models can be used to accurately 

predict patient’s overall survival thus, using the parameter TLGwb of the [18F]FDG PET/CT is 

not significantly inferior to using the MATVwb.  
 

 

DISCUSSION 

This study investigates the role of MATVwb and TLGwb measured by [18F]FDG PET/CT as 

indicators of overall survival. To our knowledge, this is the first study that compares TLGwb 

and MATVwb in terms of their prognostic value in NSCLC. 

The TNM staging system is widely used in NSCLC patients, as it is considered the most 

important factor for tumor staging and prognosis information [4, 5, 17]. Nevertheless, it does 

not account for the metabolic active tumor burden of each patient. As a result, there are still 

substantial differences in the overall survival in patients in the same TNM stage, with similar 

pathological and clinical characteristics. Therefore, it is important to further stratify these 

patients, to get them the best possible treatment and outcome. 
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The National Comprehensive Cancer Network (NCCN) guidelines recommend whole-body 

[18F]FDG PET/CT for the management of all NSCLC patients (stages I-IV) [24], as it is an 

established radiological modality and it provides parameters for the substaging of patients in 

the same TNM stage who have different prognoses [25]. 

The SUVmax has been widely used, partly due to its convenience, as an indicator of tumor 

metabolic activity [21]. However, SUVmax is not a reliable parameter because its value depends 

on many factors such as the body weight, serum glucose level of the patient, and various 

technologic factors (the model of scanning equipment used, image resolution, the attenuation 

correction method and image reconstruction algorithm, radiopharmaceutical activity, fasting 

time and uptake time). Furthermore, SUVmax measures a single highly metabolic focus that 

may not reflect the whole tumor metabolic activity and it does not take the volume of the tumor 

into account. This may be a significant limitation because lung tumor volume is a well-known 

prognostic determinant [5, 19, 26].  

In contrast, metabolic volumetric parameters measured by [18F]FDG PET/CT, such as 

MATVwb and TLGwb, incorporating both tumor volume and metabolic activity, should be more 

sensitive than SUV in predicting patients’ prognosis in NSCLC [17, 21, 26, 27]. 

Recently, MATVwb and TLGwb have been widely studied for prognostic analysis of the 

NSCLC and studies have confirmed that these are better indices of patient survival than 

SUVmax or SUVmean [17, 27-29].  

As previously explained, the MATVwb is the some of the volumes of all metabolically active 

lesions of the [18F]FDG PET/CT (primary tumor and metastatic lesions), thus reflecting the 

metabolically active tumor mass. The TLGwb, being a product SUVmean x MATVwb, 

simultaneously represents the degree of [18F]FDG uptake and the size of the metabolically 

active tumor. Thus, theoretically, it is the ideal parameter of the tumor burden [26]. Thereby, 

considering a clinical point of view, the TLGwb is a more relevant parameter to use in the 

evaluation of NSCLC patients’ overall survival.  

Nevertheless, there have been apparently stronger results with the use of MATVwb [21, 22], 

leading to several studies addressing it. Pu et al. developed and validated a MATVwb risk 

stratification system, with independent prognostic value, to supplement the TNM staging in 

NSCLC [8]. Zhang et al. proposed a PET/CT volumetric prognostic index (PVP index) using 

TNM staging and MATVwb [30], Finkle et al. later updated this PVP index for NSCLC, using 

the eight edition TNM staging system, MATVwb and age, and found it to be a prognostic 

indicator superior to TNM stage or MATVwb alone [4]. 

In our study, we concluded that using the substage is slightly better than using the stage and 

that there is no significant statistical difference in using TLGwb or MATVwb. This result was 

consistent with the study by Hyun et al, demonstrating that TLGwb and MATVwb are 
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independent prognostic factors for overall survival and promising tools for better prediction of 

outcome in NSCLC patients [5].  

Moreover, our results are concordant with existing studies, demonstrating that, even though 

SUVmax alone is an independent predictor of overall survival [15, 16, 28], in the multivariate 

analysis, the SUVmax was no longer a good predictor [19], indicating that the inclusion of this 

parameter on the model does not improve the predictive capacity of survival, meaning, what 

SUVmax predicts can be predicted better by the other variables. 

The principal finding of this study was that either one of the four models can be used to 

accurately predict prognosis in NSCLC. Interestingly, the prognostic value of the parameter 

TLGwb of the [18F]FDG PET/CT is not significantly inferior to prognostic value of MATVwb. A 

new prognostic stratification based on the TNM staging and the TLGwb may help optimize 

patient care by providing more accurate prognostic. 

The limitations of the study comprise: (1) the fact that it is a retrospective study and its relatively 

small size. (2) using a tomograph with a spatial resolution of about 6 mm and detection 

sensitivity of 0.2%, when the state-of-the-art equipment can achieve a spatial resolution of 

about 4 mm and a detection sensitivity of 0.9%. A device with more favourable spatial 

resolution and detection sensitivity values would allow more precise quantitative analysis [31]. 

In conclusion, the present study showed that MATVwb and TLGwb are strong predictors of 

overall survival in NSCLC patients, both independently and included in a predictive model. 

Moreover, having the TLGwb more sensibility, by definition, we found it always provides at 

least the same prognosis value as MATVwb thus, its use is more accurate, in a clinical 

perspective. Additional studies with large patient numbers are needed to validate the results 

of our study. 
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