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ABSTRACT 

Objective: Fluorine‐18‐fluorodeoxyglucose (18F‐FDG) 
positron emission tomography (PET)/computed tomography 
(CT) is a trusted method for the evaluation of  cancer patients. 
In this study, we aimed to calculate the SUVmax values for 
semi-quantitative evaluation in patients with pulmonary 
lesions undergoing diagnostic PET / CT study and to 
investigate serum YKL-40 and ischemia modified albumin 
(IMA) levels. 
Materials and Methods: We performed a prospective case-
control during July 2012-July 2013. Patients referred to the 
nuclear medicine clinics with suspected pulmonary lesions 
were enrolled in the study prospectively. In this study we 

analyzed 85 patients who underwent routine PET/CT 
imaging for suspicious lung masses. Of  the included patients, 

20 (23.5%) had BLD, while 65 (76.5%) had lung cancer (LC) 
in the pathological examination of  the lesions. Additionally, 35 

participants from the patient relatives were enrolled as healthy 
controls. SUVmax were calculated in patients who underwent 
PET / CT study, and serum samples of  YKL 40, IMA, 
carcinoembryonic antigen (CEA) and lactate dehydrogenase 
(LDH) values were measured. 
Results: Patients with LC had higher mean SUVmax values 

compared to the BLD group (9.49±2.27 vs. 3.13±1.15) 
(p<0.001). Serum YKL-40 (71,42±7,65ng/L 
and102.03±12.22 ng/L vs. 31,79±7,52 ng/L), IMA 
(0,90±0,16 and 0,84±0.09 vs. 0,70±0,08), LDH (268,00±63,30 
U/L and 261.03±65,02 U/L vs. 165,08,00±52,62 U/L), and 
CEA (4,60±1,10 ng/mL and 2,47±0.81 ng/mL vs. 1,9±0,41 
ng/mL) measurements remained greater in patients having LC 
and BLD than the healthy participants (p<0.001).  
Conclusion: In this study we concluded that SUVmax and 

serum YKL‐40 levels were increased in LC cases. SUVmax 
may be an efficient variable to distinguish LC from BLD. 

Key Words: Lung cancer, non‐small cell lung cancer, small 
cell lung cancer, PET/CT, Maximum standardized uptake 
value, YKL40, ischemia modified albumin 

ÖZET 

Amaç: Florin‐18‐florodeoksiglukoz kullanılan pozitron 
emisyon tomografisi (PET) ile birlikte bilgisayarlı tomografi 
(BT) kanserli hastaların tanı ve evrelemesi için kullanılan bir 
yöntemdir. Bu çalışmada akciğer lezyonu saptanan tanı amaçlı 
PET/ BT çalışması uygulanan hastalarda semi-kantitatif  
değerlendirme amaçlı SUVmax değerlerini hesaplamak ve 
serum YKL-40 ve iskemi modifiye albümin (IMA) düzeylerini 
araştırmayı amaçladık. 
Gereç ve Yöntem: Temmuz 2012-Temmuz 2013 tarihleri 
arasında prospektif  bir vaka kontrol çalışması yapıldı. Akciğer 
lezyonlarından şüphelenilen, nükleer tıp kliniğine başvuran 
hastalar prospektif  olarak çalışmaya dahil edildi. Bu çalışmada 
akciğerlerde şüpheli kitleler için rutin PET/BT görüntülemesi 
uygulanan 85 hastayı analiz edildi. Lezyonların patolojik 
muayenesinde hastaların 20'sinde (%23,5) iyi huylu akciğer 
hastalığı, 65'inde (%76,5) AK mevcuttu. Ayrıca hasta 
yakınlarından 35 katılımcı sağlıklı kontrol grubu olarak 
kaydedildi. PET/ BT çalışması uygulanan hastalarda 
maksimum standartlaştırılmış alım değerleri (SUVmax) 

hesaplandı ve serum örneklerinde YKL‐40, iskemi modifiye 
albümin (IMA), karsinoembriyonik antijen (CEA) ve laktat 
dehidrojenaz (LDH) değerleri ölçüldü. 
Bulgular: AK'li hastalarda, iyi huylu akciğer hastalığı grubuna 
göre ortalama SUVmax değerleri daha yüksekti (9,49±2,27 ve 
3,13±1,15) (p<0.001). Serum YKL-40 (71,42±7,65ng/L ve 
102,03±12,22 ng/L’ye karşı 31,79±7,52 ng/L), IMA 
(0,90±0,16 ve 0,84±0.09’a karşı 0,70±0,08), LDH 
(268,00±63,30 U/L ve 261.03±65,02 U/L’ye karşı 
165,08,00±52,62 U/L) ve CEA (4,60±1,10 ng/mL ve 
2,47±0.81 ng/mL’ye karşı 1,9±0,41 ng/mL) değerleri AK’li ve 
iyi huylu akciğer hastalığı olan hastalarda sağlıklı kişilere göre 
daha yüksekti (p<0.001). 
Sonuç: Sonuçlarımız akciğer kanseri olgularında SUVmax ve 

serum YKL‐40 düzeylerinin daha yüksek olduğunu 
göstermektedir. SUVmax, akciğer kanserlerini iyi huylu akciğer 
hastalığından ayırmak için yararlı bir ölçüt olabilir. 

Anahtar Kelimeler: Akciğer kanseri, küçük hücre dışı akciğer 
kanseri, küçük hücreli akciğer kanseri, PET/BT, Maksimum 
standart alım değeri, YKL40, iskemi modifiye albümin 
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Introduction 

Fluorine-18-fluorodeoxyglucose (18F‐FDG) positron 
emission tomography (PET) /computed tomography 
(CT) is applied for the diagnosis and staging of  
various malignancies, and it is a commonly used 
functional imaging, particularly for patients with 
pulmonary lesions (1,2). 18F-FDG targets cells which 
exhibit high glucose metabolism; it is a frequently 
utilized radiotracer for PET/CT imaging. In this 
modality, the most strong 18F-FDG uptake in the 
primary lesion is calculated as the maximum 
standardized uptake value (SUVmax).  

SUVmax measurement is used as a semiquantitative 
value and is negatively correlated with survival (3). 
When SUVmax increases, disease-free survival is 
reported to decrease by 75% (4). However, 18F-FDG 
as carrier molecule is not particular for malignant 
tumor cells and can collect nonspecifically in some 
benign conditions, leading to false-positive results and 
misdiagnoses (5). 

YKL-40 (or Chitinase 3-like 1) is a 40k-Da 
glycoprotein, having growth factor activity during 
tissue remodeling processes, which may also be 
important in the progression of  malignant cells (6). 
Thus YKL-40 may be a new indicator in cancer. It 
was found that YKL-40 is prominent in many 
malignancies, such as breast, colon, kidney, lung, 
glioblastoma, pancreas, and thyroid. Moreover, the 
relationship between increased serum YKL-40 levels 
with an unfavorable outcome was detected (6,7). 

On the other hand, ischemia modified albumin (IMA) 
is an oxidative stress marker and a product generated 
from albumin as a result of  hypoxia (8). Serum IMA 
levels are increased in different types of  cancer. 
Furthermore, serum IMA levels were suggested as a 
reliable prognostic indicator for malignancies (9). 

No reports are published about serum levels of  IMA 
in lung cancer (LC) patients. We hypothesized that 
there would be significant differences in SUVmax, 
YKL-40, and IMA values of  participants having LC, 
benign lung disease (BLD), and control participants 
without any disease. This study aimed to research 

serum SUVmax, YKL‐40, and IMA levels in patients 
with LC, BLD, and healthy people.  

Materials and Methods 

We conducted a prospective case-control study at 
Atatürk University Hospital nuclear medicine clinics 
during July 2012-July 2013. With a staff  of  11 people 
(including 6 specialists and residents of  nuclear 
medicine), the department welcomes yearly around 
1855 patients. Written informed consent was taken 

from all participants, and ethical clearance of  the 
research was received from the Atatürk University 
Medical Faculty local ethics committee (number: 62; 
date: 9 July 2012). 

This study included participants who were referred to 
our nuclear medicine clinics with suspected lung 
lesions in a prospective manner. The study analyzed 
85 patients who received routine PET/CT imaging 

for suspicious masses in the lungs detected with other 
imaging modalities. Referred patients were also 
investigated for blood variables. As a result of  the 
investigation, 20 (23.5%) of  the 85 participants had 

some BLD, while 65 had LC in the pathological 
report. No patients had any connective tissue or other 

systemic disease or received any treatment pertinent 
to the lung lesion before PET-CT scanning. 
Additionally, 35 participants from the patient relatives 
were enrolled as healthy controls (Figure 1). The 
healthy controls were examined by a lung specialist 
and underwent plain chest x-ray examination to rule 
out any lung pathology.  

Data for BLD and LC cases were obtained from the 
patient files, while the control group participants were 
analyzed for blood variables. 

The FDG-PET protocol: All patients fasted for at 
least 6 hours, and the serum glucose was analyzed 

prior to administering 18F-FDG to make sure that 
the level was less than 150 mg/dL. Participants 
received intravenous injections of  444–555 MBq (12–
15 mCi) 18F-FDG and were asked to rest for 60–90 

min after the injection. The PET/CT analysis was 
done with a Siemens Biograph PET/CT system 
(Siemens, Knoxville, TN, USA). A low-dose CT scan 

was taken from the vertex to the thigh. Then, PET 
images were taken (seven to nine beds, 3min/bed) in 

the supine position. PET images were configured 
with iterative reconstruction and attenuation 
correction. Sagittal, coronal, and transverse images 
were evaluated. Increased 18F-FDG uptake compared 
with the background activity was considered as 
abnormal, and CT images were used for anatomic 

landmarking. In each case, the region of  interest was 
drawn manually from the PET/CT images that 

showed the most strong 18F-FDG uptake in the 
primary lung lesion, and the SUVmax was 

automatically calculated. 

Biochemical analysis: Venous blood was taken; the 
sera were separated and frozen at -80 ˚C. YKL-40, 
IMA, carcinoembryonic antigen (CEA), and LDH 

values were measured in the sera. Serum levels of  
YKL-40 were measured using a commercial YKL-40 

Quantikine ELISA Kit Cat DC3L10 (R&D Systems, 
Inc. Minneapolis, MN, USA). Serum samples were 
diluted 1:50 with assay buffer. IMA  levels  in  the sera  
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Fig. 1. Study participant flow chart 

were analyzed using the albumin cobalt binding test. 
Results were presented as an absorbance unit (ABSU). 

Serum CEA levels were measured in a DXI analyzer 
using the chemiluminescence method (Beckman 

Coulter, USA). LDH concentrations were measured 
by the spectrophotometric method using AU 5800 
analyzer (Beckman Coulter, Atlanta, Georgia, USA). 

The patient files were reviewed by two researchers, 
who discussed their findings in case of  disagreement. 
External professional service was taken for data 
analysis. 

Post hoc sample size estimation was done based on 
the primary variable mean YKL-40 levels. A total 
sample size of  57 participants is required for 
comparing mean YKL-40 measurements between 
patients with LC, BLD, and control participants using 
the one-way ANOVA test with an effect size of  0.45, 
an alpha error of  0.05, and a power of  80% (10). 

The SPSS software program (Version 20.0 for 
Windows; SPSS, Chicago, Illinois, USA) was used for 
statistical calculations. All numerical variables were 
tested for skewness with the Shapiro-Wilk test. 
Depending on the variable type, the data were 
represented in means ± standard deviations (SD) or 
frequency (%). Differences between groups were 
analyzed using the one-way ANOVA; pairwise 
associations were assessed with the Tukey analysis. 
Mean values between two independent variables were 
compared with the independent samples t-test. 
Associations among numerical variables were assessed 
by the Pearson correlation analysis. The threshold of  
significance was taken as p <0.05. 

Results 

Data for 120 participants were analyzed. Of  the 85 

patients who received PET/CT scanning, 20 (23.5%) 

had some benign lesions, while the remaining 65 
(76.5%) were diagnosed as having lung cancer. Of  the 

LC patients, 46 (70.8%) had non-small cell lung 
cancer (NSCLC), while 19 (29.2%) had squamous cell 
lung cancer (SCLC). 

Individuals with LC had higher mean SUVmax values 
compared to the BLD group (Table 1). Additionally, 
the mean SUVmax values were higher in the NSCLC 
patients (10.30±2.27) compared to the SCLC patients 
(8.09±3.19) (t=3.157, p=0.002). 

Serum YKL-40 and IMA levels were higher in 
patients with LC and BLD compared to healthy 
subjects. However, post hoc analysis showed that 
there was no significant difference in the serum YKL-
40 measurements among LC and BLD groups.  

On the other hand, serum CEA and LDH levels 
showed significant variations between the groups, too 
(Table 1). 

SUVmax showed no meaningful correlation with 
serum YKL-40 or other blood analyzes in the LC and 
BLD groups (p>0.05). Nevertheless, an association 
was seen among YKL-40 and IMA in the BLD group 
(r=0.360, p<0.001). 

Discussion 

This study showed significant differences in PET/CT 
findings well as the investigated biochemical markers 
of  cancer between patients with BLD, LC, and 
healthy controls. All the investigated variables 
(SUVmax, YKL-40, IMA, LDH, and CEA) were 
higher in patients with LC.  

Although this study was prospectively planned, and 
measures were taken to collect reliable data, there are 
some drawbacks to be considered in the 
interpretation of  the results. First, despite the 
relatively long prospective patient enrollment, the 
total number of  cancer cases allowed only for a 
sample with a large effect size. Additionally, having a 
control group less than the study group may have 
decreased the study power to some extent. Lastly, a 
time gap exists between data collection and 
publication, which was due to the personal problems 
of  the primary author. 

Conventional radiological modalities have been used 
for the differential diagnosis of  lung lesions based on 
morphological differences for many years. PET/CT is 
valued in providing molecular imaging of  biological 
function in addition to the  morphological  changes in  
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Table 1. Comparison of  the outcome variables between the groups 

 BLD (n=20) LC (n=65) HC (n=35) t/F p Tukey 

SUVmax (mean±SD) 3.13±1.15 9.49±2.27 - 12.028 <0.001  

YKL-40 ng/L 
(mean±SD) 

102.03±12.22 71.42±7.65 31.79±7.52   BLD vs. LC: 0.177 
BLD vs. HC: 0.001 
LC vs. HC: <0.001 

IMA (mean±SD) 0.84±0.09 0.90±0.16 0.70±0.08 472.552 <0.001 BLD vs. LC: 
<0.001 

BLD vs. HC: 0.001 
LC vs. HC: <0.001 

LDH U/L (mean±SD) 261.03±65.02 268.00±63.30 165.08±52.62 34.675 <0.001 BLD vs. LC: 0.894 
BLD vs. HC: 0.001 
LC vs. HC: <0.001 

CEA ng/mL 
(mean±SD) 

2.47±0.81 4.60±1.10 1.9±0.41 115.781 <0.001 BLD vs. LC: 
<0.001 

BLD vs. HC: 0.067 
LC vs. HC: <0.001 

BLD: Benign lung disease, LC: Lung cancer, HC: Health controls, SUVmax: maximum standardized uptake value, SD: 
Standard deviation, IMA: ischemia modified albumin, LDH: lactate dehydrogenase, CEA: carcinoembryonic antigen 

the lesions (11,12). Compared to conventional 
radiological techniques, the sensitivity of  18F-FDG 
PET/CT is greater in diagnosing LC (13). Besides, 
18F-FDG PET/CT was found useful for 
characterizing lung lesions in many reports 
(2,11,14,15). 18F-FDG PET/CT was also ordered in 
our research for individuals with a suspicious mass 
detected in conventional imaging methods. 

The most commonly preferred PET/CT radiotracer 

is 18F-FDG, which has demonstrated benefits in a 
variety of  circumstances (1). SUVmax indicates the 
concentration of  18F-FDG in the tissue and is useful 
for assessing changes in metabolism (14). However, 
elevated SUVmax is not limited to cancer cells. 
Despite its high sensitivity, false-positive findings may 
occur with 18F-FDG PET, particularly in 
inflammatory conditions (5,16).  

The prognostic value of  increased FDG uptake is 
variable because there are several reasons of  cellular 
FDG uptake, such as tumor glucose use, increased 
cellular proliferation, hypoxia, the size of  the lesion, 
as well as the time interval between injection and 
imaging (17). Also, there are controversial results due 
to pitfalls in FDG uptake. In some studies, an 
SUVmax alone was not regarded as sufficiently 
reliable to differentiate malignant and benign lesions 
(14). However, it was clinically shown that FDG 
uptake correlated with proliferative activity in 
NSCSLC (18). Furthermore, Vansteenkiste et al. 
showed that survival in NSCLC was higher in patients 
with a SUV below 7 (19).  

Similar to our results, Prauer et al. (20) showed in 
pulmonary nodules that SUVmax was significantly 
higher in malignant lesions than benign lesions. 

Additionally, we demonstrated higher SUVmax values 
in patients with NCSLC compared to SCLC. 
Furthermore, we analyzed SUVmax together with 
IMA and YKL-40. Combined, these markers may be 
new biomarkers in cancer patients for differentiating 
malignant and benign lesions.  

In 2010, Choi et al. (21) found that YKL-40 is a 
potentially efficient prognostic indicator in NSCLC 
patients. Later, it was confirmed that serum YKL-40 
level is essentially higher in patients with SCLC than 
healthy people, with a 74.4% accuracy for the 
diagnosis (22). Sakazaki et al. suggested that beyond 
lung cancer, YKL-40 may play a significant role in 
detecting pulmonary inflammation (23). In the 

current study, compared to healthy subjects, we had 
comparatively higher serum YKL-40 levels in patients 
with benign or malignant lung disease.  

On the other hand, IMA was studied in individuals 
with gastric cancer (24). Increased levels of  IMA were 
detected in gastric cancer, suggesting its possible use 
as a diagnostic clue. However, no such association 
was studied in lung cancer. CEA and LDH, on the 
other hand, are long-known markers, known with 
their value in the diagnosis, treatment, and prognosis 
of  many cancer types (25). Their expression and 
association have also been shown in the targeted 
therapy of  lung cancer (26).  

Our results reveal that mean SUVmax levels are 
higher in LC compared to BLD. Furthermore, serum 

YKL‐40, IMA, LDH, and CEA measurements are 
higher in lung cancer cases compared to healthy 
controls. Thus, combined with the other variables, 
SUVmax may be an effective parameter to 
differentiate LC from BLD and healthy people. The 
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methodology and combination of  these variables in 
diagnostic makeup or their potential as prognostic 
markers must be further studied. 
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