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INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths 
worldwide. Non-small cell lung cancer (NSCLC) accounts 
for more than 85% of lung cancer cases [1]. According to the 
eighth edition of the tumor-node-metastasis (TNM) staging 
system for NSCLC, if a patient has an adrenal metastasis, he/
she is considered to have M1b or M1c disease. This situation 
significantly affects patient management [2]. The incidence of 
adrenal metastases in patients with NSCLC is high at diagno-
sis. In addition, postmortem studies in these patients report 
a high incidence of metastatic adrenal lesions. However, 

because adrenal adenomas also have a high frequency (9%) 
in general population, in some NSCLC cases, benign ade-
noma and metastasis cannot be adequately differentiated 
using imaging methods [3-7]. A  lesion with a density of <10 
Hounsfield units (HU) on unenhanced computed tomogra-
phy (CT) is described with high accuracy as lipid-rich adre-
nal adenoma. Clinicians, radiologists, and nuclear medicine 
specialists have no difficulty in diagnosing such lesions [8]. 
In contrast, lipid-poor adenomas, which have an attenuation 
value of >10 HU, are difficult to differentiate from metastasis. 
Approximately 30% of all adrenal adenomas are of this type [9]. 
Various parameters, such as lesion size, heterogeneity, calcifi-
cation, irregularity, the presence of necrosis, and local invasion 
can be used for the evaluation; however, none of these have 
adequate diagnostic accuracy. Enhanced CT and/or magnetic 
resonance imaging (MRI) may improve diagnostic accuracy, 
however they are also usually not sufficient [10-12]. Moreover, 
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ABSTRACT

In some non-small cell lung cancer (NSCLC) patients, lipid-poor adrenal adenomas cannot be adequately differentiated from metastases 
using imaging methods. Invasive diagnostic procedures also have a low negative predictive value (NPV) in such cases. The current study aims 
to establish a specific and clinically practical metabolic parameter for lipid-poor adrenal lesions (ALs) in NSCLC patients. This diagnostic 
approach may prevent unnecessary abdominal enhanced computed tomography (CT), magnetic resonance imaging, or invasive diagnostic 
procedures. Sixty-four NSCLC patients with 69 lipid-poor ALs and 28 control patients with 30 benign lipid-poor ALs, who underwent FDG-
PET/CT, were retrospectively reviewed. Two morphological and four metabolic parameters were analyzed in FDG-PET/CT images of NSCLC 
and control patients. Baseline and post-chemotherapy images of 64 NSCLC patients were re-evaluated according to the PERCIST 1.0. In cases 
where ALs could not be differentiated, follow-up FDG-PET/CT images were re-examined. The receiver operating characteristic (ROC) curve 
method was used for the evaluation of diagnostic parameters. Out of 69 ALs, 39 were determined as metastatic lesions (adrenal metastasis), 
while 30 lesions were considered non-metastatic (adrenal adenomas). The mean attenuation value, SUVmax AL/SUVmax primary tumor, 
SUVmax, SUVmax AL/liver, and SUVmax AL/SUVmean liver were significantly different between metastatic and benign ALs from NSCLC 
patients. The SUVmax AL/SUVmean liver ≥1.81 had the best positive (PPV, 94.3%) and negative (NPV, 82.4%) predictive values, and the highest 
specificity (93.3%), sensitivity (84.6%) and accuracy (86.9%). Lipid-poor ALs with SUVmax AL/SUVmean liver ≥1.81 can be accepted as malig-
nant in NSCLC. However, if SUVmax AL/SUVmean liver is <1.81, a pathologic examination is required. Utilizing this cut-off value to decide 
on adrenal core biopsy may prevent its unnecessary use. Moreover, this diagnostic approach can save time and reduce the healthcare costs.
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a patient diagnosed with NSCLC is staged with fluorodeox-
yglucose positron emission tomography (FDG-PET)/CT, not 
with abdominal enhanced CT or MRI. While FDG-PET/CT 
is a useful method for AL characterization, it has some limita-
tions. For instance, false-positive or false-negative results may 
arise due to various pathologies. Moreover, the adrenal glands 
show a wide range of radiopharmaceutical uptake, from min-
imal to moderately increased activity [13], indicating the pres-
ence of interpatient heterogeneity in ALs. It is unclear which 
metabolic parameter is appropriate for AL characterization 
in NSCLC patients; maximum standardized uptake value 
(SUVmax), SUVmax AL/liver or SUVmax AL/SUVmean 
liver. Also, there is no specific cut-off value for lipid-poor ALs 
in NSCLC patients. These patients may undergo invasive 
diagnostic procedures, however, the negative predictive value 
(NPV) of such approaches is low. In addition, previous studies 
on diagnosis and management of ALs included patients with 
different cancers and data on specific cancer types are still 
very limited [14-16].

The current study aims to establish a specific and clinically 
practical metabolic parameter for the characterization of lip-
id-poor ALs in NSCLC patients. A  more reliable parameter 
and cut-off value for this specific group of patients would 
make the characterization of ALs at baseline FDG-PET/CT 
easier. This strategy may prevent unnecessary abdominal 
enhanced CT or MRI, as well as unnecessary invasive diag-
nostic procedures.

MATERIALS AND METHODS

Patient selection

A total of 351  patients with NSCLC who underwent 
FDG-PET/CT from January 2015 to August 2018 at Balikesir 
State Hospital were retrospectively reviewed. Baseline FDG-
PET/CT showed that 85 out of 351  patients had ALs. After 
4–6  cycles of chemotherapy treatment, a second scan was 
performed. Moreover, in some patients, the third scan was 
taken during the follow-up. In 13  patients, 15 lesions with 
unenhanced CT attenuation value <10 HU were considered 
lipid-rich adenomas, and these patients were excluded from 
the study. Eight patients did not undergo post-chemotherapy 
FDG-PET/CT, and were also excluded from the study. Finally, 
64 NSCLC patients with a total of 69 ALs diagnosed as lip-
id-poor were included in the study, representing the study 
group. A control group consisted of 28 patients with overall 30 
lipid-poor ALs, in which biopsy did not show any malignant 
changes in the primary sites. In addition, the ALs of patients in 
control group did not have significant metabolic and morpho-
logical changes during long-term follow-up (mean: 23 months, 
range: 14–34 months).

FDG-PET/CT imaging

Blood glucose levels of patients who had been fasting for 
at least six hours were measured. In cases where the blood 
glucose was >180 mg/dL, FDG-PET/CT was not performed. 
Patients received 0.12 mCi/kg FDG and the imaging was 
started at approximately 60 ± 6  minutes after the injection. 
First, CT (120 keV, 80 mA) images from the vertex to the mid-
thigh were acquired. Then, PET (GE Discovery STE 16-slice) 
scanning was conducted in the same region, in seven or eight 
bed positions, three minutes per position for normal weight 
patients and four minutes for overweight patients. The result-
ing raw data were transformed into axial, sagittal and coro-
nal image sections, using iterative reconstruction (GE AW 
Volumeshare 4, GE Healthcare, WI, USA).

The long axis of the nodules, unenhanced CT attenua-
tion values, SUVmax and SUL (SUV corrected for lean body 
mass) values of ALs were calculated after re-examination of 
the images. In addition, SUVmax liver, SUVmean liver, and 
SUVmax primary tumor values were calculated from FDG-
PET/CT images. SUVmean liver and SUVmax liver were 
measured within the 3.0 × 3.0 cm region of interest of the nor-
mal tissue.

PET/CT interpretation

Baseline and post-chemotherapy images of 64 NSCLC 
patients were re-evaluated according to the PET Response 
Criteria in Solid Tumors (PERCIST 1.0). In each patient, 
SUL values of ALs were calculated in both images. In 34/64 
NSCLC patients, significant changes were observed in the 
SUL values of ALs between baseline and post-chemother-
apy FDG-PET/CT. In cases where ALs disappeared on 
post-chemotherapy FDG-PET/CT, ALs were accepted as 
completely responsive metastatic lesions. In patients in which 
the SUL value increased according to the PERCIST 1.0, the 
lesions were accepted as progressive adrenal metastasis. In 
cases where the SUL value of ALs significantly decreased on 
post-chemotherapy FDG-PET/CT, lesions were accepted as 
partially responsive metastatic lesions. All these patients also 
had significant changes in SULpeak (lesions with the high-
est SUL values) between baseline and post-chemotherapy 
images. On the contrary, in 30/64 NSCLC patients with 32 
ALs, no significant changes were observed in the SUL values 
of ALs between baseline and post-chemotherapy FDG-PET/
CT. Thus, we could not determine whether these lesions 
were malignant or benign. In these 30 patients, the follow-up 
FDG-PET/CT images were re-examined. According to the 
PERCIST 1.0, two ALs from 2/30 NSCLC patients showed 
significantly increased FDG activity in the follow-up images, 
and these masses were considered malignant. The remaining 
30 ALs from 28/30 NSCLC patients showed no significant 
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changes in SUL values in all three images, and these lesions 
were considered benign. In post-chemotherapy FDG-PET/
CT images SULpeak was decreased in 8 and increased in 20 
out of 28 NSCLC patients.

Statistical analysis

Data were evaluated using MedCalc Statistical Software 
version 18.9 (MedCalc Software bvba, Ostend, Belgium; http://
www.medcalc.org; 2018). Descriptive statistics included unit 
number (n), percentage (%), and mean ± standard deviation 
(SD). Correlation between categorical variables was analyzed 
by correlation coefficient analysis. Receiver operating char-
acteristic (ROC) curve method was used for the evaluation 
of diagnostic parameters. A value of p < 0.05 was considered 
statistically significant.

RESULTS

We included 64 NSCLC patients with 69 lipid-poor ALs as 
a study group. The control group consisted of 28 patients with 
30 benign lipid-poor ALs. Sixty out of 64 patients were male, 
and the mean age was 62.9 years. Thirty-six out of 64 patients 
were diagnosed with squamous cell carcinoma and 28 with 
adenocarcinoma. Out of 69 ALs, 39 were determined as malig-
nant, metastatic lesions (adrenal metastasis), while 30 lesions 
were considered non-metastatic (benign adrenal adenomas). 
Among 39 metastatic ALs from NSCLC patients, the mean 
lesion size, attenuation value and SUVmax AL/SUVmax pri-
mary tumor at baseline FDG-PET/CT were 25.4, 28.7 and 0.57, 
respectively. In 30 benign ALs from NSCLC patients, the mean 
lesion size, attenuation value and SUVmax AL/SUVmax pri-
mary tumor at baseline were 20.9, 18.6 and 0.24, respectively. 
The mean lesion size and attenuation value of ALs in control 
group were 21.3 and 23.6, respectively. The mean lesion size 
was not significantly different between benign and metastatic 
ALs of NSCLC patients, while the mean attenuation value 
and SUVmax AL/SUVmax primary tumor were significantly 
different between the two groups. Also, SUVmax, SUVmax 
AL/liver, and SUVmax AL/SUVmean liver differences were 
significant between metastatic and benign ALs from NSCLC 

patients. The parameters in control group were significantly 
different compared to metastatic ALs but not compared 
to benign ALs from NSCLC patients. The mean SUVmax, 
SUVmax AL/liver, and SUVmax AL/SUVmean liver were 
6.40, 2.3 and 3.2, respectively in malignant ALs. These values 
were 2.70, 0.91 and 1.28 in benign ALs and 2.7, 1.12 and 1.41 in 
control group (Table 1).

The ROC analysis was performed for four metabolic 
(Figure 1) and one morphological parameter. The cut-off val-
ues were as follows: SUVmax ≥4.3, SUVmax AL/liver ≥1.35, 
SUVmax AL/SUVmean liver ≥1.81, SUVmax AL/primary 
tumor >0.35, and mean attenuation value ≥28. The sensitivity, 
specificity, positive predictive value (PPV), NPV and accuracy 
(Table  2) were, respectively, 59.0%, 93.3%, 92.0%, 63.6% and 
71.0% for SUVmax ≥4.3; 56.4%, 93.3%, 91.7%, 62.2% and 69.5% for 
SUVmax AL/liver ≥1.35; 84.6%, 93.3%, 94.3%, 82.4% and 86.9% 
for SUVmax AL/SUV mean liver ≥1.81; 72.4%, 90.5%, 91.3%, 
70.4% and 72.9% for SUVmax AL/primary tumor ≥0.35; 53.9%, 
90.0%, 87.5%, 60.0% and 68.1% for mean attenuation value ≥28. 
According to these results, SUVmax AL/SUVmean liver ≥1.81 
had the best PPV and NPV, and the highest specificity, sensi-
tivity and accuracy.

FIGURE 1. Receiver operating characteristic (ROC) curve analysis 
of three metabolic parameters for AL characterization in NSCLC. 
A) SUVmax AL/SUVmean liver; B) SUVmax; and C) SUVmax AL/
SUVmax liver. AL: Adrenal lesion; NSCLC: Non-small cell lung can-
cer; SUV: Standardized uptake value.

TABLE 1. Comparison of the mean values of morphological and metabolic parameters between lipid-poor AL groups

Parameter NSCLC metastasis 
(n=39)

NSCLC benign 
(n=30)

Control 
(n=30) p

SUVmax primary lesion 14.2 15.1 >0.1
Mean lesion size 25.4 20.9 21.3 0.17
Mean HU 28.7 18.6 23.6 0.01
SUVmax AL 6.4 2.7 2.7 0.01
SUVmax AL/liver 2.3 0.91 1.12 0.01
SUVmax AL/SUVmean liver 3.2 1.28 1.41 <0.01
SUVmax AL/SUVmax primary tumor 0.57 0.24 - 0.01

AL: Adrenal lesion; NSCLC: Non-small cell lung cancer; SUV: Standardized uptake value; HU: Hounsfield units
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DISCUSSION

Lung carcinoma is one of the leading causes of cancer-re-
lated mortality, and NSCLCs account for up to 85% of all 
cases [1]. According to the latest edition of the TNM classifi-
cation for NSCLC, if there is an adrenal metastasis, the dis-
ease is categorized as M1b or M1c [2]. This stage IV diagnosis 
affects patient management significantly. The adrenal gland is 
one of the most common sites of metastasis in patients with 
lung cancer, and NSCLC metastases cause about 30% of all 
adrenalectomies [6,17-19]. Because adrenal adenomas also 
have a high incidence (around 9%) in general population [5], 
AL characterization is difficult in some NSCLC cases. An AL 
with an unenhanced CT attenuation value <10 HU is defined as 
a lipid-rich adenoma with high accuracy [8]. However, lesions 
with an attenuation value >10 HU can be either malignant or 
benign and as such are difficult to accurately characterize in 
NSCLC patients. According to some authors, a combined use 
of unenhanced and enhanced CT data improves the accuracy 
of AL characterization [10]. However, NSCLC staging is gener-
ally done by FDG-PET/CT and abdominal CT imaging is not 
frequently performed after the diagnosis. Moreover, conduct-
ing an abdominal CT after FDG-PET/CT exposes the patient 
to additional radiation. Chemical shift MRI also does not have 
high accuracy for lipid-poor adenomas [11]. Similarly, the results 
obtained with diffusion-weighted MRI are unsatisfactory [12].

The sensitivity and specificity of FDG-PET/CT for AL 
characterization were reported as 70–100% and 72–100%, 
respectively [16]. Nonetheless, most of the previous stud-
ies did not exclude lipid-rich adenomas. Moreover, they 
included patients with different cancer types. Different met-
abolic parameters for AL characterization are reported in 
the literature. While some studies used SUVmax as a meta-
bolic parameter, others used SUVmax AL/liver or SUVmax 
lesion/SUVmean liver [16,20]. Due to these discrepancies in 
methodology, some authors utilized invasive methods for AL 
characterization. In a study including 204 patients, the sensi-
tivity, specificity, PPV and NPV of adrenal core biopsy were 
88%, 86%, 97% and 58%, respectively [20]. Besides a low NPV, 
this procedure requires a high level of experience and has 
high costs. Therefore, it is clear that we need a specific clinical 
parameter for the characterization of ALs with a CT attenua-
tion value >10 HU in NSCLC patients.

The size of ALs is also considered as an indicator of malig-
nancy. Morelli et al. showed an increased risk of malignancy 
in adrenal incidentalomas >3  cm [21]. Similarly, Allen and 
Francis indicated that lesions >4 cm are suspicious for malig-
nancy  [22]. However, current imaging techniques can also 
detect ALs that are much smaller in size, leading to a signifi-
cant size overlap. For example, in the study of Evans et al. [23], 
the size range of malignant ALs was 1.0–9.2  cm, while the 
range of benign lesions was 0.7–5.3  cm. [23]. In the current 
study, the mean size of metastatic and benign lipid-poor ALs 
from NSCLC patients was 25.4 mm and 20.9 mm, respectively, 
with no significant difference. On the other hand, we found 
that the mean attenuation values were significantly different 
between metastatic and benign lipid-poor ALs of NSCLC 
patients. However, the mean attenuation value had the low-
est sensitivity and NPV among all parameters in our analysis. 
Hence, in our opinion, neither the size nor attenuation value 
can be considered as reliable parameters for the characteriza-
tion of lipid-poor ALs in NSCLC patients.

SUVmax is one of the most commonly used parameters 
for AL characterization in NSCLC patients. However, the 
results for this parameter differ between studies. For exam-
ple, the cut-off values for SUVmax have been reported in the 
range of 2.3–5.0, sensitivity in the range 82.4–100%, and spec-
ificity in the range 50–100%. Moreover, these studies were 
not focused only on NSCLC patients and, in most cases, did 
not analyze lipid-rich and lipid-poor ALs separately [16,24]. 
Similar to our study, Nakajo et al. [25] evaluated only lip-
id-poor lesions using FDG-PET/CT. They reported 91% sensi-
tivity, 67% specificity, and 73% accuracy for SUVmax >3.0 [25]. 
In another study, SUVmax cut-off value was reduced to >2.5 
in lipid-poor ALs, and the sensitivity, specificity, PPV, NPV 
and accuracy were reported as 87.4%, 83.3%, 91.0%, 77.3% and 
81.3%, respectively [26]. In our opinion, focusing solely on lip-
id-poor lesions is crucial in the characterization of ALs. In 
addition, applying this approach to specific cancer types is 
also important. Brady et al. reported that the sensitivity and 
specificity of SUVmax >3.1 were 97% and 86%, respectively 
in lipid-poor ALs of lung carcinoma patients [27]. A recent 
study [14] that included only NSCLC patients reported 87% 
sensitivity and 100% specificity for SUVmax >2.54. However, 
the authors did not provide information on CT density of 
adrenal masses [14]. In this study, we analyzed only NSCLC 

TABLE 2. Comparison of the cut-off values of morphological and metabolic parameters for metastatic lipid-poor ALs in NSCLC

Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
SUVmax AL ≥4.3 59.0 93.3 92.0 63.6 71.0
SUVmax AL/SUVmax primary tumor ≥0.35 72.4 90.5 91.3 70.4 72.9
SUVmax AL/ liver ≥1.35 56.4 93.3 91.7 62.2 69.5
SUVmax AL/SUVmean liver ≥1.81 84.6 93.3 94.3 82.4 86.9
AL mean attenuation value ≥28 53.9 90.0 87.5 60.0 68.1

AL: Adrenal lesion; NSCLC: Non-small cell lung cancer; SUV: Standardized uptake value
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patients with lipid-poor ALs, which enabled us to have a more 
homogenous population compared to other studies. We 
observed significant differences in SUVmax values between 
metastatic and benign ALs from NSCLC patients. According 
to our ROC analysis, the SUVmax cut-off value was ≥4.3. The 
sensitivity, specificity, PPV and NPV for SUVmax ≥4.3 were 
59.0%, 93.3%, 92.0% and 63.6%, respectively. Our SUVmax cut-
off value differs from those of previous studies, which showed 
relatively lower diagnostic values. It is likely that the patient 
selection criteria were the main cause of these differences. 
According to our findings, SUVmax ≥4.3 has a very low NPV 
and may not be a reliable parameter in the characterization 
of lipid-poor ALs in NSCLC patients. Thus, a more specific 
parameter with appropriate cut-off value required for this 
specific patient group.

A recent study suggested that a comparison of FDG uptake 
between a lesion and the liver may be an appropriate method 
for AL characterization [20]. Another study found that 93.7% 
of adrenal adenomas had lower FDG uptake compared to 
the liver [28]. Nakajo et al. reported the sensitivity, specificity 
and accuracy of SUVmax lesion/liver >1.08 to be 100%, 70% 
and 78%, respectively [25]. Kunikowska et al. reported that 
the sensitivity and specificity were 93.8% and 91.4%, respec-
tively for SUVmax AL/liver >1.53 [29]. A  Japanese study 
including 30  patients found 85% sensitivity, 100% specificity, 
100% PPV, 83% NPV and 91% accuracy for SUVmax lesion/
liver cut-off value 1.8 [30]. However, most of these studies did 
not include homogeneous patient populations. In contrast, 
Kim et al. [14] analyzed only NSCLC patients (n = 24) and cal-
culated SUVmax AL/liver cut-off value to be >1.4; the sensi-
tivity was 100% and the specificity was 87% in their study [14]. 
In this study, in addition to SUVmax AL/liver, we analyzed 
SUVmax AL/SUV mean liver. We showed that the SUVmax 
AL/SUVmean liver ≥1.81 was more reliable than the other 
metabolic and morphological parameters. This parameter had 
the highest sensitivity, specificity, PPV and NPV, and around 
87% accuracy (Figure 2).

Finally, we evaluated SUVmax AL/primary tumor rate as 
another metabolic parameter for AL characterization, due 
to the fact that metabolic activity of a primary tumor affects 
its aggressiveness. SUVmax AL/primary tumor rate was pre-
viously investigated for the characterization of mediastinal 
lymph nodes in NSCLC patients and determined to be more 
useful than morphological parameters [31]. However, in the 
current study, we did not obtain satisfactory results using 
SUVmax AL/primary tumor rate for the characterization of 
lipid-poor ALs in NSCLC patients. Nonetheless, as far as we 
know, this is the first study to analyze SUVmax AL/primary 
tumor rate in NSCLC patients. Therefore, it may be premature 
to conclude on the usefulness of this parameter in lipid-poor 
ALs in NSCLC patients.

CONCLUSION

Lipid-poor ALs are difficult to characterize in clinical 
practice. We evaluated two morphological and four meta-
bolic parameters for the characterization of ALs in NSCLC 
patients. The SUVmax AL/SUVmean liver ≥1.81 provided the 
most accurate results, as it had the highest NPV compared to 
the other parameters. According to our results, lipid-poor ALs 
with a SUVmax AL/SUVmean liver ≥1.81 can be accepted as 
malignant. However, if SUVmax AL/SUVmean liver is <1.81, a 
pathologic examination is still necessary. Nonetheless, due to 
the high NPV of SUVmax AL/SUVmean liver ≥1.81, utilizing 
this cut-off value to decide on adrenal core biopsy may pre-
vent its unnecessary use. Moreover, this approach can save 
time and reduce the healthcare costs.
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