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Abstract. – OBJECTIVE: The objective of this 
study was to investigate predictive value of 
quantitative metabolic tumor volume and meta-
bolic index analysis in lung cancer stereotactic 
radiotherapy with F-18 FDG PET/CT.

PATIENTS AND METHODS: Overall, 94 ear-
ly-stage non-small cell lung cancer (NSCLC) pa-
tients who were administered stereotactic radio-
therapy were included in the study. 

RESULTS: Most of the study patients were 
male (91.5%). Mean age of the patients was 68.5 
± 9.0 years. The primary lung tumor was locat-
ed centrally and peripherally in 25 (26.6%) and 
69 (73.4%) of the patients, respectively. The 
median gross tumor volume (GTV) was 16.2 cc 
[interquartile range (IQR): 7.1-32.9]. Whereas all 
patients who had peripheral tumors survived, 17 
patients with central tumors (70.8%) died during 
the study period (p = 0.001). Biologically effective 
dose (BED10) values were significantly higher in 
patients who had peripheral tumors compared 
with patients with central tumors (p = 0.001). Sig-
nificantly more patients died in patients who had 
BED values below 100 Gy compared to patients 
who had BED values over 100 Gy (p = 0.001). The 
survival distributions for the two groups were 
significantly different (p < 0.001). Only GTV and 
Pretreatment SUVmean appeared as significant 
predictors of mortality. BED10 values showed a 
significant and strong positive correlation with 
total radiation dose, whereas it showed a signif-
icant strong negative correlation with number of 
fractions.
CONCLUSIONS: The use of repeated 18F-FDG 
PET to assess survival early during stereotac-
tic radiotherapy is possible in patients with ear-
ly-stage non-small cell lung cancer. A decrease 
in GTV and pretreatment SUVmean according to 
F-18 FDG PET/CT uptake by the primary tumor 
correlates with survival.
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Introduction

Although surgery is the best treatment op-
tion in the early period in non-small cell lung 
cancers (NSCLC), which accounts for 80% 
of lung cancers, only 30% of patients have a 
chance for curative surgery1,2. The treatment 
options for the patient group with lower sur-
vival expectancy are neoadjuvant and adju-
vant chemotherapy (CT) or chemoradiotherapy 
(CRT). Targeted therapies have also been tried 
in recent years. Stereotactic ablative radiother-
apy (SABR) is an emerging therapeutic ap-
proach that involves the use of focused ablative 
radiation doses with a higher biological effect 
compared with conventional radiotherapy (RT) 
in lung cancer3.

Early and most accurate evaluation of treat-
ment efficacy is decisive in identifying effec-
tive treatment on a patient basis and in terms 
of survival in this patient group with limited 
survival4. It is common to evaluate the change 
in lesion size on CT with standardized criteria, 
such as WHO and RECIST criteria in determin-
ing the treatment response in patient groups 
undergoing conventional chemotherapy/CRT. 
However, the role of FDG-PET/CT in evaluat-
ing response to treatment in patients with NS-
CLC has been the main focus of research in re-
cent years, since dimensional evaluation on CT 
is insufficient to distinguish areas of atelectasis 
around the tumor and especially in lymph node 
evaluation5.

In the studies in the literature, there are two 
criteria most frequently used for the standard-
ization of the evaluation of treatment response 
with FDG-PET in solid tumors. While the RE-
CIST criterias take into account the change 
in standard uptake values (SUV), which is a 
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semi-quantitative parameter of glucose metab-
olism in tissues, the PERCIST criteria deter-
mined in 2009 combine the RECIST criteria 
used in anatomical imaging with the change 
in SUV (SUL) ratios corrected for lean body 
mass1-3. In addition to SUV values, parameters 
that take into account tumor volume, such as 
total lesion glycolysis (TLG) or metabolic tu-
mor volume (MTV), are also used in studies 
evaluating treatment response. Tumor control 
seems to be strictly related to a biologically 
equivalent dose (BED) of at least 100 Gy with 
an alpha/beta ratio of 10 (100 Gy10), resulting 
in a high rate of cell killing owing to several bi-
ological effects. Fludeoxyglucose F-18 positron 
emission tomography integrated with computed 
tomography (18FDG-PET/CT) is often adopted 
in the setting of lung metastases as an effective 
tool in staging and to monitor the response after 
systemic therapies3,6.

The objective of this study was to investigate 
predictive value of quantitative metabolic tumor 
volume and metabolic index analysis in nonsmall 
cell lung cancer (NSCLC) stereotactic radiothera-
py with F-18 FDG PET/CT.

Patients and Methods

Patients
In this study, 94 patients with early stage 

non-small cell lung cancer (NSCLC) treated 
with stereotactic radiotherapy were included in 
the study.

F-18 FDG whole body PET/CT images taken 
before and after treatment in patients with thorac-
ic mass who underwent stereotactic radiotherapy 
were reprocessed and calculated on the Philips 
device analysis computer. After these procedures, 
SUVmax, SUVmean, metabolic volume (MTV), 
metabolic index (MI) max and metabolic index 
mean, and Standard Deviation were calculated. 
Maximum and mean SUV within the MTV were 
calculated automatically. MI was calculated by 
multiplying the MTV by the mean SUV (MI = 
MTV x SUV).

PET/Computed Tomography
Whole-body and spot F-18 FDG-PET/CT data 

from all patients were acquired using a Truflight 
Select PET/CT device (Philips Medical Systems 
Cleveland, OH, USA). Patients were instructed to 
fast for at least 6 h before the scan. After confir-
mation of a normal peripheral blood glucose level 

(<180 mg/dL), each patient received an intrave-
nous injection of 145 μCi/kg (maximum 200 μCi) 
of FDG and rested for 60 min before the scan. The 
FOV was from the base of the skull to the mid-
thigh level.

Post-Processing and Analysis  
of PET/Computed Tomography Images

FDG-PET/CT images were examined (2 
mm slices) on whole body maximum intensity 
projection along with three orthogonal planes 
(axial, coronal, and sagittal). SUVmax, mean 
standardized uptake value (SUVmean), mean 
metabolic index (MImean), and metabolic tu-
mor volume (MTV) values of the lesions were 
determined automatically by the software after 
delineation of the ROI on attenuation-corrected 
PET/CT images.

Statistical Analysis
Descriptive statistics derived from the study 

data were presented as mean ± standard deviation 
or median with interquartile range in continuous 
variables depending on the status of normal dis-
tribution. Categorical variables were summarized 
as number and percentage. Normality check of 
the numerical variables was performed with the 
Kolmogorov-Smirnov test. 

In independent two group comparisons ac-
cording to tumor localization, mortality rate and 
BED10 levels, independent Samples t-test was 
used if the numerical variables distributed nor-
mally.  When they no normally distributed, Mann 
Whitney U test was used. In comparison of cate-
gorical variables, since observation numbers were 
below 5, Fisher Exact test was used. 

Changes in SUVmax and SUVmean with time 
were evaluated with the Friedman test. For mul-
tiple comparisons, The Durbin-Conover test was 
used. To determine the factors associated with 
mortality, a Cox Regression model was construct-
ed. Summary statistics of the model was given as 
Ratio and 95% confidence intervals. 

The log-rank test was performed and Ka-
plan-Meier survival curve was created to deter-
mine any possible difference between the patients 
who had central and peripheral tumors.

We also investigated the correlation of BED10 
with several study parameters with Spearman cor-
relation analysis.

Statistical analysis was performed with Jamovi 
Project (version 1.1.9) and JASP Team (version 
0.11.1) software’s. A p-value <0.05 was deemed 
as statistically significant. 
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Results

Patient Demographics and Baseline 
Tumor Characteristics

Overall, 94 early-stage non-small cell lung 
cancer (NSCLC) patients who were adminis-
tered stereotactic radiotherapy were included in 
the study. Most of the study patients were male 
(91.5%). Mean age of the patients was 68.5 ± 9.0 
years. 

Twenty-three patients had undergone biopsy and 
had histopathological diagnosis of NSCLC. On the 
other hand, rest of the patients (75.5%) had not un-
dergone biopsy due to several reasons. The primary 
lung tumor was located centrally and peripherally in 
25 (26.6%) and 69 (73.4%) of the patients, respec-
tively. The median gross tumor volume (GTV) was 
16.2 cc (interquartile range (IQR): 7.1- 32.9). 

The patient demographics and tumor charac-
teristics of the study participants were summa-
rized in Table I. 

Stereotactic Radiotherapy 
The median number of radiotherapy fractions 

was 3 [IQR: 3-4]. The stereotactic radiotherapy 
treatment covered the mean 97.0 ± 2.2% of the tu-

mor mass. Mean dose of administered radiother-
apy was 5705.4 ± 961.8 cGy. The median base-
line standardized uptake unit (SUVmean) was 10.9 
[IQR: 7.22- 14.85]. The median MImean and MI-
max values were 159.11 [IQR: 52.22- 352.26] and 
66.04 [IQR: 30.1- 155.51], respectively (Table I). 

Tumor Localization
When the patients were compared based on the 

location of their tumors, there was no sex or age 
difference between the patients who had central-
ly or peripherally located tumors. The mean GTV 
were comparable in both groups (p = 0.103). In a 
similar vein, there was no difference between the 
groups in terms of the number of fractions. There 
was a significant difference between the groups 
in terms of mortality rate. Whereas all patients 
who had peripheral tumors survived, 17 patients 
with central tumors (70.8%) died during the study 
period (p = 0.001). Baseline mean SUVmax and 
SUVmean values were again no different from 
one another in centrally and peripherally located 
tumors. Biologically effective dose (BED10) val-
ues were significantly higher in patients who had 
peripheral tumors compared with patients with 
central tumors (p = 0.001) (Table II). 

Table I. The patient clinic-demographic features, tumor characteristics and radiotherapy parameters of the study participants.

Variables Mean ± SD Median [IQR]

Age 68.5 ± 9.0 68.5 [62.2- 76.0]
Gender (%)

Male 86 (91.5)
Female 8 (8.5)

Tumor location (n, %)
Peripheral 69 (73.4)
Central 25 (26.6)

Histopathology (n, %)
No biopsy 71 (75.5)
NSCLC 23 (24.5)

Gross Tumor volume (GTV, baseline), (cc) 23.3 ± 23.7 16.2 [7.1- 32.9]
Number of Fractions 3.5 ± 0.9 3.0 [3.0- 4.0]
Coverage (%) 97.0 ± 2.2 97.0 [95.9- 98.7]
Minimum dose (cGy) 5240.3 ± 1006.6 5222.3 [4676.3- 6288.7]
Maximum dose (cGy) 5054.6 ± 889.6 5067.1 [4493.8- 5670.2]
Mean dose (cGy) 5705.4 ± 961.8 5681.8 [5086.4- 6592.1]
SUVmean pretreatment 13.22 ± 14.29 10.9 [7.22- 14.85]
SUVmean post-treatment 1 4.76 ± 4.37 3.5 [2.7- 5]
SUVmean post-treatment 2 4.44 ± 4.14 3.3 [2.2- 3.9]
SUVmean post-treatment 3 4.61 ± 4.74 3.2 [1.8- 4.9]
MI max1 (SUVxmL) 383.32 ± 786.27 159.11 [52.22- 352.26]
MI max2 (SUVxmL) 70.66 ± 178.15 6.31 [1.11- 36.37]
MI mean1 (SUVxmL) 149.87 ± 292.87 66.04 [30.1- 155.51]
MI mean2 (SUVxmL) 30.13 ± 68.33 5.22 [1.06- 23.19]

MI: Metabolic Index.
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Biologically Effective Dose (BED10)
We stratified patients into groups based on 

BED10 values as below and over 100 Gy and be-
low and over 150 Gy (Table III). There were 24 
patients whose BED10 was below 100 Gy, where-
as 70 patients had BED10 values over 100 Gy. The 
patient numbers did not change when we grouped 
patients with a BED10 cutoff of 150 Gy. Signifi-
cantly more patients died in patients who had BED 
values below 100 Gy compared to patients who 
had BED values over 100 Gy (p = 0.001). This 
mortality difference disappeared when patients 
were stratified as BED10 values below and over 
150 Gy. Moreover, Minimum, maximum and me-
dian radiotherapy doses were significantly lower 
in patients who had BED10 value over 150 Gy. 

Change in SUV Values During the Course 
of the Treatment

SUVmax and SUVmean values showed signif-
icant decrease with the first treatment. The me-
dian SUVmax value reduced from the baseline 
value of 11.8 [8.1-17.1] to 3.9 [3.0-5.6] at the first 

post treatment evaluation (p = 0.007). It reached 
value of 3.2 [2.8-7.0] at the second post treatment. 
Similarly, the mean SUV value decreased from 
the initial value of 2.8 [2.6-3.8] at the second post 
treatment evaluation. 

Mortality
In total, 17 patients died during the study pe-

riod (all of them patients with centrally located 
tumors). The mean ages were comparable be-
tween the surviving and deceased patients (p = 
0.585). Similarly, GTV was not different between 
the groups. The only significant difference ob-
served was minimum radiotherapy dose; 5158.0 
± 1048.4 cGy in surviving patients and 5647.7 ± 
708.1 cGy in deceased patients. The mean biolog-
ically effective dose (BED10) was significantly 
lower in deceased patients compared with surviv-
ing patients (111.6 ± 43.1 Gy vs. 136.6 ± 36.4 Gy, 
respectively). The comparisons of treatment pa-
rameters were demonstrated in Table IV.  

We performed the Log-Rank test to determine 
to differences, if any, in the survival distribution for 

Table II. Comparison of radiation treatment parameters between centrally and peripherally located tumors.

Descriptive statistics were presented as number and (%) in categorical variables, mean and standard deviation or median and 
[IQR] in numerical variables. IQR: Interquartile Range. Bold p-values were accepted as significant (p < 0.05). BED10: Biolog-
ically effective dose. *The Fisher Exact test was used. **The Independent Samples t-test was used. ***The Mann-Whitney U test 
was used.

Tumor Location
p

  Peripheral (n=69) Central (n=25)

Age 69.5 ± 9.4 65.8 ± 7.5 0.056**
Gender (n, %)

Male 64 (92.8) 22 (88.0) 0.435*Female 5 (7.2) 3 (12.0)
GTV 13.8 [6.8- 24.4] 20.2 [8.6- 42.1] 0.103***
Minimum dose (cGy) 5600.6 ± 790.2 4245.9 ± 868.4 <0.001**
Maximum dose (cGy) 4938.2 ± 816.4 5375.9 ± 1015.8 0.060**
Mean dose (cGy) 5966.6 ± 827.9 4984.3 ± 951.0 <0.001**
Number of fractions 3.0 [3.0- 4.0] 3.0 [3.0- 5.0] 0.060
BED10 140.3 ± 36.0 108.4 ± 36.4 0.001
SUVmax1 (median [IQR]) 11.6 [8.3- 16.5] 12.3 [7.2- 16.7] 0.817***
SUVmax2 (median [IQR]) 3.6 [2.9- 5.2] 5.6 [3.3- 13.0] 0.076***
SUVmax3 (median [IQR]) 3.1 [2.4- 3.9] 7.4 [4.9- 12.2] 0.036***
SUVmax4 (median [IQR]) 2.9 [1.7- 4.1]w 7.9 [5.9- 9.9] 0.296***
SUVmean1 (median [IQR]) 5.0 [3.9- 6.5] 4.9 [4.0- 6.6] 0.803***
SUVmean2 (median [IQR]) 2.9 [2.7- 3.3] 3.2 [2.8- 5.2] 0.098***
SUVmean3 (median [IQR]) 2.7 [2.1- 3.0] 3.8 [3.0- 5.7] 0.042***
SUVmean4 (median [IQR]) 2.4 [1.1- 2.9] 3.9 [3.4- 4.5] 0.192***
Mortality (%)

Survivor 69 (100) 7 (29.2)
0.001*Deceased 0 (0) 17 (70.8)



F. Aras, A. Olmezoglu

3538

the patients with the peripheral and the central tu-
mors (Figure 1). The survival distributions for the 
two groups were significantly different (p < 0.001)

Determinants of Mortality
We constructed a Cox regression model to ex-

amine the independent predictors of mortality. 
However, we did not include the “location of the 
tumor” variable, since there was no deceased pa-
tient in the peripheral location group. Age, GTV, 
Pretreatment SUVmean and SUVmax values and 
Mean dose were included in the univariate analysis. 
Only GTV and Pretreatment SUVmean appeared 
as significant predictors of mortality. In multiple 
Cox regression model, constructed with the same 
variables, GTV and SUVmean values remained as 
the independent predictors of mortality (Table V). 

Determinants of Local Control
We defined local control as the difference be-

tween MIMax2 and MIMax1. To determine the sig-
nificant independent determiners of local control, 
we created a linear regression model, in which 
mean radiation dose, number of fractions, GTV 

and tumor location were involved. There wasn’t 
any statistical difference between the parameters.

Correlation Analysis of BED10
BED10 values showed a significant and strong 

positive correlation with total radiation dose (r: 
0.800, p < 0.001), whereas it showed a signifi-
cant strong negative correlation with number of 
fractions (r: - 0.700, p < 0.001). There was not 
any significant correlation with BED10 values and 
GTV, preSUVMean, postSUV1Mean, postSU-
V2Mean, and postSUV3Mean.

Discussion

In the present study, we found that the GTV 
and Pretreatment SUVmean appeared as signifi-
cant predictors of mortality in patients with non-
small cell lung cancer (NSCLC) patients. BED10 
values showed a significant and strong positive 
correlation with total radiation dose, whereas it 
showed a significant strong negative correlation 
with number of fractions.

Table III. Comparison of the groups which had below and over BED10 cutoff values of 100 and 150 Gy. 

BED10
p

BED10
p

  ≤100 (n=24) >100 (n=70) ≤150 (n=24) >150 (n=70)

Age 69.0 ± 8.7 68.3 ± 9.2 0.765** 69.4 ± 9.0 67.1 ± 9.1 0.239**
Gender (n, %)

Male 20 (83.3) 66 (94.3) 0.196* 52 (89.7) 34 (94.4) 0.706*
Female 4 (16.7) 4 (5.7) 6 (10.3) 2 (5.6)

GTV 16.2 [7.6- 33.3] 16.2 [7.0- 32.6] 0.735*** 17.8 [7.8- 33.9] 14.1 [6.0- 19.9] 0.258***
Minimum dose  (cGy) 5453.2 ± 958.3 5167.3 ± 1019.1 0.222** 5438.1 ± 940.1 4921.6 ± 1041.1 0.018**
Maximum dose  (cGy) 5352.9 ± 811.8 4952.3 ± 897.4 0.049** 5202.2 ± 842.6 4816.8 ± 923.1 0.046**
Mean dose  (cGy) 5958.7 ± 877.6 5618.5 ± 979.8 0.119** 5888.1 ± 899.5 5411.0 ± 997.9 0.022**
Number of fractions 3.5 ± 0.8 3.5 ± 1.0 0.995** 3.5 ± 0.8 3.6 ± 1.0 0.452**
SUVmax1 (median [IQR]) 12.7 [5.0- 18.6] 11.7 [8.4- 15.6] 0.913*** 9.4 [6.8- 15.5] 12.8 [9.6- 17.8] 0.222***
SUVmax2 (median [IQR]) 4.3 [2.9- 5.9] 3.8 [3.0- 5.5] 0.962*** 4.3 [3.1- 6.1] 3.5 [2.9- 5.5] 0.733***
SUVmax3 (median [IQR]) 5.6 [4.1- 11.7] 3.2 [2.6- 5.8] 0.256*** 3.9 [2.8- 8.9] 3.2 [2.8- 4.1] 0.559***
SUVmax4 (median [IQR]) 9.9 [5.8- 14.1] 3.7 [2.0- 4.1] 0.794*** 3.6 [2.6- 10.9] 3.8 [1.9- 4.3] 0.909***
SUVmean1 (median [IQR]) 5.1 [3.3- 6.5] 5.0 [4.2- 6.4] 0.971*** 4.9 [3.6- 6.5] 5.1 [4.5- 6.7] 0.352***
SUVmean2 (median [IQR]) 2.9 [2.7- 3.5] 3.0 [2.7- 3.6] 0.924*** 3.1 [2.7- 3.7] 2.8 [2.7- 3.4] 0.561***
SUVmean3 (median [IQR]) 3.5 [3.0- 4.4] 2.8 [2.4- 3.3] 0.292*** 3.0 [2.6- 4.3] 2.8 [2.4- 3.0] 0.460***
SUVmean4 (median [IQR]) 3.2 [2.1- 4.2] 2.8 [1.8- 2.9] 0.602*** 2.8 [2.0- 4.1] 2.8 [1.5- 2.9] 0.569***
Mortalite (%)

Surviving 14 (58.3) 62 (89.9) 0.001* 44 (77.2) 32 (88.9) 0.252*
Deceased 10 (41.7) 7 (10.1)   13 (22.8) 4 (11.1)  

Descriptive statistics were presented as number and (%) in categorical variables, mean and standard deviation or median and 
[IQR] in numerical variables. BED10: Biologically effective dose, IQR: Interquartile Range. Bold p-values were accepted as 
significant (p < 0.05). *The Fisher Exact test was used. **The Independent Samples t-test was used. ***The Mann-Whitney U test 
was used. 
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BED10
p

BED10
p

  ≤100 (n=24) >100 (n=70) ≤150 (n=24) >150 (n=70)

Age 69.0 ± 8.7 68.3 ± 9.2 0.765** 69.4 ± 9.0 67.1 ± 9.1 0.239**
Gender (n, %)

Male 20 (83.3) 66 (94.3) 0.196* 52 (89.7) 34 (94.4) 0.706*
Female 4 (16.7) 4 (5.7) 6 (10.3) 2 (5.6)

GTV 16.2 [7.6- 33.3] 16.2 [7.0- 32.6] 0.735*** 17.8 [7.8- 33.9] 14.1 [6.0- 19.9] 0.258***
Minimum dose  (cGy) 5453.2 ± 958.3 5167.3 ± 1019.1 0.222** 5438.1 ± 940.1 4921.6 ± 1041.1 0.018**
Maximum dose  (cGy) 5352.9 ± 811.8 4952.3 ± 897.4 0.049** 5202.2 ± 842.6 4816.8 ± 923.1 0.046**
Mean dose  (cGy) 5958.7 ± 877.6 5618.5 ± 979.8 0.119** 5888.1 ± 899.5 5411.0 ± 997.9 0.022**
Number of fractions 3.5 ± 0.8 3.5 ± 1.0 0.995** 3.5 ± 0.8 3.6 ± 1.0 0.452**
SUVmax1 (median [IQR]) 12.7 [5.0- 18.6] 11.7 [8.4- 15.6] 0.913*** 9.4 [6.8- 15.5] 12.8 [9.6- 17.8] 0.222***
SUVmax2 (median [IQR]) 4.3 [2.9- 5.9] 3.8 [3.0- 5.5] 0.962*** 4.3 [3.1- 6.1] 3.5 [2.9- 5.5] 0.733***
SUVmax3 (median [IQR]) 5.6 [4.1- 11.7] 3.2 [2.6- 5.8] 0.256*** 3.9 [2.8- 8.9] 3.2 [2.8- 4.1] 0.559***
SUVmax4 (median [IQR]) 9.9 [5.8- 14.1] 3.7 [2.0- 4.1] 0.794*** 3.6 [2.6- 10.9] 3.8 [1.9- 4.3] 0.909***
SUVmean1 (median [IQR]) 5.1 [3.3- 6.5] 5.0 [4.2- 6.4] 0.971*** 4.9 [3.6- 6.5] 5.1 [4.5- 6.7] 0.352***
SUVmean2 (median [IQR]) 2.9 [2.7- 3.5] 3.0 [2.7- 3.6] 0.924*** 3.1 [2.7- 3.7] 2.8 [2.7- 3.4] 0.561***
SUVmean3 (median [IQR]) 3.5 [3.0- 4.4] 2.8 [2.4- 3.3] 0.292*** 3.0 [2.6- 4.3] 2.8 [2.4- 3.0] 0.460***
SUVmean4 (median [IQR]) 3.2 [2.1- 4.2] 2.8 [1.8- 2.9] 0.602*** 2.8 [2.0- 4.1] 2.8 [1.5- 2.9] 0.569***
Mortalite (%)

Surviving 14 (58.3) 62 (89.9) 0.001* 44 (77.2) 32 (88.9) 0.252*
Deceased 10 (41.7) 7 (10.1)   13 (22.8) 4 (11.1)  

PET, which has been widely used in the di-
agnosis and staging of lung cancer recently, is 
claimed to be a non-invasive method that can 
provide information about the prognosis of the 
tumor7. PET imaging using FDG has taken its 
place in routine clinical use today as an effective, 
non-invasive imaging method that is increasingly 
used in the diagnosis, staging, evaluation of treat-
ment response and predicting prognosis of lung 
cancer8. In addition to its superiority in demon-
strating metastatic spread, FDG PET provides 
additional information about the biological activ-
ity and prognosis of the disease by showing the 
metabolic activity in the tumor9. It is suggested 
that FDG uptake (SUV) in PET examination will 
reflect some biological information such as pro-
liferative activity of the primary tumor, metabolic 
tumor volume, microvascular density, metabolic 
index and tumor grade8. In our study, we investi-
gated that the predictive value of metabolic index, 
GTV, SUV, BED and dose values on survival in 
early stage lung cancer stereotactic radiotherapy 
with F-18 FDG PET/CT.

Pöttgen et al10 evaluated 50 locally advanced 
NSCLC patients with PET/CT 3 times, before 
treatment, after 3 cycles of induction chemo-
therapy and following chemoradiotherapy. Thir-
ty-seven patients were considered respectable 
after chemoradiotherapy, and the operation was 
performed. In this study, a decrease of 45-62% 
in tumor FDG uptake in pre-treatment and both 

follow-up PET/CT examinations was found to 
correlate with histopathological response10. In a 
study of 56 patients, it was found that there was 
a close linear relationship between the chang-
es in SUVmax of the lesions observed on F-18 
FDG PET after neoadjuvant chemotherapy and 
the pathological response, and that more accu-
rate predictions were made than the changes 
observed in the size of the lesions on CT. This 
study showed that when there is an 80% or great-
er reduction in SUVmax, the patient has a high 
probability (with 96% accuracy) of a complete 
response to treatment, regardless of cell type11. 
Similarly, Vansteenkiste et al12 conducted with 
stage IIIa-N2 NSCLC patients; showed that 50% 
reduction in primary tumor uptake after induc-
tion chemotherapy had a better survival predic-
tion than standard WHO criteria12. Nahmias et 
al13 evaluated the tumor metabolic response of 
16 NSCLC patients who had undergone chemo-
therapy with FDG PET/CT 1 and 3 weeks after 
the start of treatment. In this study, it has been 
shown that positive tumor metabolic response 
can detect patients responding to chemotherapy 
in the early period and is correlated with long-
term survival13. In addition, in a prospective 
study conducted with 47 locally advanced NS-
CLC patients who underwent neoadjuvant che-
motherapy; In the interim FDG PET/CT exam-
ination taken after 1 course of chemotherapy, it 
was determined that 35% and more reduction in 

Table IV. Comparison of the radiation treatment parameters according to patient mortality status. 

Descriptive statistics were presented as number and (%) in categorical variables, mean and standard deviation or median and 
[IQR] in numerical variables.  IQR: Interquartile Range. Bold p-values were accepted as significant (p < 0.05). BED10: Biolog-
ically effective dose; **The Independent Samples t-test was used; ***The Mann-Whitney U test was used.

Mortality
p

  Surviving patients (n=76) Deceased patients (n=17)

Age 68.1 ± 8.8 69.5 ± 9.9 0.585**
Gross tumor volume (GTV) 15.9 [7.4- 32.9] 16.8 [5.3- 34.2] 0.984***
Minimum dose (cGy) 5158.0 ± 1048.4 5647.7 ± 708.1 0.026**
Maximum dose  (cGy) 5003.1 ± 929.0 5268.5 ± 698.6 0.195**
Mean dose  (cGy) 5643.0 ± 983.9 6021.4 ± 830.2 0.113**
Number of fractions 3.5 ± 0.9 3.6 ± 0.9 0.796**
SUVmax1 (median [IQR]) 11.9 [8.3- 15.5] 9.4 [6.5- 23.8] 0.755***
SUVmax2 (median [IQR]) 3.6 [2.8- 5.2] 7.3 [5.0- 11.7] 0.022***
SUVmax3 (median [IQR]) 3.2 [2.7- 6.6] 15.8 [10.2- 21.5] 0.102***
SUVmax4 (median [IQR]) 3.6 [1.7- 3.9] 18.2 [18.2- 18.2] 0.117***
SUVmean1 (median [IQR]) 5.0 [4.2- 6.3] 4.6 [3.6- 7.4] 0.922***
SUVmean2 (median [IQR]) 2.9 [2.6- 3.3] 4.2 [3.2- 5.0] 0.026***
SUVmean3 (median [IQR]) 2.8 [2.6- 3.7] 4.6 [3.9- 5.4] 0.156***
SUVmean4 (median [IQR]) 2.8 [1.1- 2.9] 5.3 [5.3- 5.3] 0.117***
BED10 (Gy) 136.6 ± 36.4 111.6 ± 43.1 0.037**
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FDG uptake was correlated with increased sur-
vival compared to the baseline examination14. In 
our study, gross tumor volume and SUV values 
were found to be lower in surviving patients. 
However, GTV and Pretreatment SUVmean ap-
peared as significant predictors of mortality in 
patients with early stage NSCLC.

Recently, it is thought that the simultaneous 
application of low-dose fractionated radiothera-
py and induction chemotherapy in patients with 
locally advanced NSCLC positively affects the 
prognosis. In a study by Mattoli et al15, the re-
sponse to treatment of 44 patients who received 
simultaneous low-dose fractionated radiotherapy 
and induction chemotherapy was evaluated using 
PERCIST criterias15. Mortality rates were found 

to be high in patients with primary tumor volume 
and high SUV values in metastatic lymph nodes15. 
In our study, minimum dose, maximum dose, 
mean dose and number of fractions were found to 
be lower in surviving patients. However, the only 
significant difference observed was minimum ra-
diotherapy dose; 5158.0 ± 1048.4 cGy in surviv-
ing patients and 5647.7 ± 708.1 cGy in deceased 
patients.

Numerous studies have shown excellent out-
comes achieved by SABR for treating early-stage 
NSCLC, with the majority of treatment regimens 
using dose-fractionation schedules with a BED of 
over 110 Gy, and many up to 150 Gy16-19. Nev-
ertheless, the optimal fractionation schedule in 
this setting has not been established and remains 

Figure 1. Kaplan-Meier survival curve showing distribution of survival in patients with central and peripheral tumors.
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a controversial topic20. Some investigators have 
tried to better define the optimal BED for the 
treatment of early-stage NSCLC, but results have 
been mixed. In a meta-analysis of 34 studies, 
Zhang et al20 found that OS was best when using 
a BED in the range of 83-146 Gy. BEDs over 146 
Gy resulted in lower OS likely due to increased 
toxicity. A multi-institutional study by Onishi 
et al21 showed significantly superior outcomes 
using a BED of 100 Gy or more compared to a 
BED below 100 Gy. Many fractionation schemes 
were employed in that study ranging from 1 to 
22 fractions. An analysis of patients in the Na-
tional Cancer Database found that the median 
BED used was 150 Gy and that for patients with 
T2 tumors OS was improved with higher-dose 
SABR (BED >150 Gy)22. This same study found 
no difference in OS for patients with T1 tumors 
when treated with lower-dose (BED<150 Gy) 
versus higher-dose SABR. Zhu et al23 show that 
treating early-stage NSCLC with SABR fraction-
ation schedules with a BED10 of 100–105.6 Gy 
yielded excellent local and local-regional control 
rates23. In our study, we stratified patients into 
groups based on BED10 values as below and over 
100 Gy and below and over 150 Gy. There were 
24 patients whose BED10 was below 100 Gy, 
whereas 70 patients had BED10 values over 100 
Gy. The patient numbers did not change when 
we grouped patients with a BED10 cutoff of 150 
Gy. Significantly more patients died in patients 
who had BED values below 100 Gy compared to 
patients who had BED values over 100 Gy. This 
mortality difference disappeared when patients 
were stratified as BED10 values below and over 
150 Gy. Moreover, Minimum, maximum and me-
dian radiotherapy doses were significantly lower 
in patients who had BED10 value over 150 Gy. 
However, the mean biologically effective dose 
(BED10) was significantly lower in deceased pa-
tients compared with surviving patients. BED10 

values showed a significant and strong positive 
correlation with total radiation dose, whereas it 
showed a significant strong negative correlation 
with number of fractions.

Conclusions

Whether FDG-PET is a new marker to deter-
mine the prognosis of NSCLC is an important 
issue. We obtained strong evidence that tumor 
metabolic parameters (Pretreatment SUVmean, 
GTV, and BED10) can be used in the evaluation 
of biological aggressiveness and prognosis. How-
ever, it was concluded that GTV and Pretreatment 
SUVmean values may be important predictors of 
survival in patients with early stage NSCLC. If 
studies with a high number of cases support these 
data, metabolic tumor parameters will contribute 
to predicting prognosis and survival in cases with 
NSCLC.

Financial Support
None.

Ethics Approval and Consent to Participate
The study was approved by the local ethics committee of 
Celal Bayar University Medical Hospital (Approval No. 
20478486-050.04.04).

Consent for Publication
None of the authors have any relevant conflicts of interest to 
disclose. We confirm that we have read the journal’s posi-
tion on issues involved in ethical publication and we affirm 
that this report is consistent with those guidelines.

Conflict of Interests
The authors report no declarations of interest.

Table V. Univariate and Multivariate Cox regression models for determination of independent predictors of mortality.

Localization was not included because there were no patients who died in the peripheral location group. GTV: Gross tumor 
volume, HR: Hazard Ratio, CI: Confidence Interval.

Univariate Cox Regression Model Multiple Cox Regression Model

HR (95%CI) p-value HR (95%CI) p-value

Age 0.95 [0.88-1.02] 0.161 0.94 [0.84-1.06] 0.315
GTV 1.03 [1.01-1.06] < 0.001 1.04 [1.02-1.07] < 0.001
SUVmean (Pretreatment) 1.04 [1.01-1.07] 0.003 1.07 [1.03-1.10] < 0.001
SUVmax 1.05 [0.96-1.14] 0.291 1.03 [0.94-1.12] 0.556
Dosemean 1.00 [1.00-1.00] 0.051 1.00 [1.00-1.00] 0.173



F. Aras, A. Olmezoglu

3542

Authors’ Contributions
Concept – F.A, A.O.; Design – F.A, A.O.; Supervision – F.A, 
A.O.; Data Collection and/or Processing – F.A, A.O.

References

    1)	Kitajima K, Doi H, Kanda T, Yamane T, Tsujikawa 
T, Kaida H, Tamaki Y,  Kuribayashi K. Present and 
future roles of FDG-PET/CT imaging in the man-
agement of lung cancer. Jpn J Radiol 2016; 34: 
387-399.

    2)	Saito S, Espinoza-Mercado F, Liu H, Sata N, Cui 
X,  Soukiasian HJ. Current status of research and 
treatment for non-small cell lung cancer in nev-
er-smoking females. Cancer Biol Ther 2017; 18: 
359-368.

  3)	 Mazzola R, Fiorentino A, Di Paola G, Giaj Levra N, 
Ricchetti F, Fersino S, Tebano U, Pasetto S, Rug-
gieri R, Salgarello M,  Alongi F. Stereotactic Abla-
tive Radiation Therapy for Lung Oligometastases: 
Predictive Parameters of Early Response by (18)
FDG-PET/CT. J Thorac Oncol 2017; 12: 547-555.

    4)	Wang Q, Peng W, Jiang M,  Wu L. [Research 
Progress of Immunotherapy and Prognostic Mark-
ers in Small Cell Lung Cancer]. Zhongguo Fei Ai 
Za Zhi 2020; 23: 182-188.

    5)	Jeon W, Ahn SJ, Kim YC, Oh IJ, Park CK, Jeong 
JU, Yoon MS, Song JY, Nam TK,  Chung WK. Cor-
relation of biologically effective dose and the tu-
mor control in Stage I (<5 cm) non-small cell lung 
cancer with stereotactic ablative radiotherapy: a 
single institutional cohort study. Jpn J Clin Oncol 
2018; 48: 144-152.

    6)	Kim MS, Kim W, Park IH, Kim HJ, Lee E, Jung JH, 
Cho LC,  Song CW. Radiobiological mechanisms 
of stereotactic body radiation therapy and stereo-
tactic radiation surgery. Radiat Oncol J 2015; 33: 
265-275.

    7)	Been LB, Suurmeijer AJ, Cobben DC, Jager PL, 
Hoekstra HJ,  Elsinga PH. [18F]FLT-PET in oncol-
ogy: current status and opportunities. Eur J Nucl 
Med Mol Imaging 2004; 31: 1659-1672.

    8)	Hwang SH, Cho A, Yun M, Choi YD, Rha SY,  Kang 
WJ. Prognostic Value of Pretreatment Metabolic 
Tumor Volume and Total Lesion Glycolysis Us-
ing 18F-FDG PET/CT in Patients With Metastatic 
Renal Cell Carcinoma Treated With Anti-Vascular 
Endothelial Growth Factor-Targeted Agents. Clin 
Nucl Med 2017; 42: e235-e241.

    9)	Eze C, Schmidt-Hegemann NS, Sawicki LM, 
Kirchner J, Roengvoraphoj O, Kasmann L, Mit-
tlmeier LM, Kunz WG, Tufman A, Dinkel J, Ricke 
J, Belka C, Manapov F,  Unterrainer M. PET/CT 
imaging for evaluation of multimodal treatment 
efficacy and toxicity in advanced NSCLC-current 
state and future directions. Eur J Nucl Med Mol 
Imaging 2021; 48: 3975-3989.

  10)	Pottgen C, Levegrun S, Theegarten D, Marnitz S, 
Grehl S, Pink R, Eberhardt W, Stamatis G, Gaul-
er T, Antoch G, Bockisch A,  Stuschke M. Value 
of 18F-fluoro-2-deoxy-D-glucose-positron emis-
sion tomography/computed tomography 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.

  11)	Cerfolio RJ, Bryant AS, Winokur TS, Ohja B,  Bar-
tolucci AA. Repeat FDG-PET after neoadjuvant 
therapy is a predictor of pathologic response in 
patients with non-small cell lung cancer. Ann Tho-
rac Surg 2004; 78: 1903-1909; discussion 1909.

  12)	Vansteenkiste JF, Stroobants SG, De Leyn PR, 
Dupont PJ,  Verbeken EK. Potential use of FDG-
PET scan after induction chemotherapy in surgi-
cally staged IIIa-N2 non-small-cell lung cancer: a 
prospective pilot study. The Leuven Lung Cancer 
Group. Ann Oncol 1998; 9: 1193-1198.

  13)	Nahmias C, Hanna WT, Wahl LM, Long MJ, Hub-
ner KF,  Townsend DW. Time course of early re-
sponse to chemotherapy in non-small cell lung 
cancer patients with 18F-FDG PET/CT. J Nucl 
Med 2007; 48: 744-751.

  14)	Hoekstra CJ, Stroobants SG, Smit EF, Vansteen-
kiste J, van Tinteren H, Postmus PE, Golding RP, 
Biesma B, Schramel FJ, van Zandwijk N, Lam-
mertsma AA,  Hoekstra OS. Prognostic relevance 
of response evaluation using [18F]-2-fluoro-2-de-
oxy-D-glucose positron emission tomography in 
patients with locally advanced non-small-cell lung 
cancer. J Clin Oncol 2005; 23: 8362-8370.

  15)	Mattoli MV, Massaccesi M, Castelluccia A, Scolozzi 
V, Mantini G,  Calcagni ML. The predictive value of 
(18)F-FDG PET-CT for assessing the clinical out-
comes in locally advanced NSCLC patients after a 
new induction treatment: low-dose fractionated ra-
diotherapy with concurrent chemotherapy. Radiat 
Oncol 2017; 12: 4.

  16)	Senthi S, Lagerwaard FJ, Haasbeek CJ, Slotman 
BJ,  Senan S. Patterns of disease recurrence after 
stereotactic ablative radiotherapy for early stage 
non-small-cell lung cancer: a retrospective analy-
sis. Lancet Oncol 2012; 13: 802-809.

  17)	Lindberg K, Nyman J, Riesenfeld Kallskog V, 
Hoyer M, Lund JA, Lax I, Wersall P, Karlsson K, 
Friesland S,  Lewensohn R. Long-term results of 
a prospective phase II trial of medically inoperable 
stage I NSCLC treated with SBRT - the Nordic ex-
perience. Acta Oncol 2015; 54: 1096-1104.

  18)	Stephans KL, Woody NM, Reddy CA, Varley M, 
Magnelli A, Zhuang T, Qi P,  Videtic GMM. Tumor 
Control and Toxicity for Common Stereotactic 
Body Radiation Therapy Dose-Fractionation Regi-
mens in Stage I Non-Small Cell Lung Cancer. Int J 
Radiat Oncol Biol Phys 2018; 100: 462-469.

  19)	Videtic GM, Stephans KL, Woody NM, Reddy CA, 
Zhuang T, Magnelli A,  Djemil T. 30 Gy or 34 Gy? 
Comparing 2 single-fraction SBRT dose schedules for 
stage I medically inoperable non-small cell lung can-
cer. Int J Radiat Oncol Biol Phys 2014; 90: 203-208.

  20)	Zhang J, Yang F, Li B, Li H, Liu J, Huang W, Wang 
D, Yi Y,  Wang J. Which is the optimal biological-
ly effective dose of stereotactic body radiothera-
py for Stage I non-small-cell lung cancer? A me-
ta-analysis. Int J Radiat Oncol Biol Phys 2011; 81: 
e305-316.

  21)	Onishi H, Araki T, Shirato H, Nagata Y, Hiraoka M, 
Gomi K, Yamashita T, Niibe Y, Karasawa K, Haya-



Lung cancer stereotactic radiotherapy with F-18 FDG PET/CT

3543

kawa K, Takai Y, Kimura T, Hirokawa Y, Takeda A, 
Ouchi A, Hareyama M, Kokubo M, Hara R, Itami J,  
Yamada K. Stereotactic hypofractionated high-dose 
irradiation for stage I nonsmall cell lung carcinoma: 
clinical outcomes in 245 subjects in a Japanese mul-
tiinstitutional study. Cancer 2004; 101: 1623-1631.

  22)	Koshy M, Malik R, Weichselbaum RR,  Sher DJ. 
Increasing radiation therapy dose is associated 
with improved survival in patients undergoing ste-

reotactic body radiation therapy for stage I non-
small-cell lung cancer. Int J Radiat Oncol Biol 
Phys 2015; 91: 344-350.

  23)	Zhu S, Lightsey JL, Hoppe BS, Okunieff P, Gopal-
an PK, Kaye FJ, Morris CG,  Yeung AR. Stereotac-
tic Ablative Body Radiotherapy for Primary Non-
Small-Cell Lung Cancer: Achieving Local Control 
with a Lower Biologically Effective Dose. Cancer 
Invest 2018; 36: 289-295.


