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Introduction
The adrenal gland is one of the most common sites of metastases 

after the lungs, liver and bone. Discrimination of adrenal benign 
lesions versus malignant masses is essential, especially in patients with 
cancer, for choosing the appropriate treatment approach and assessing 
prognosis. Maximum standardized uptake value (SUVmax) or tumor/
liver (T/L) SUV ratios per se are semiquantitative parameters that reflect 
metabolic activity, but are not specific markers of malignancies. As the 
uptake of 2-(18F) fluoro-2-deoxy-D-glucose (FDG) in malignancies 
is expected to increase over time, dual time point acquisition (DTPI) 
could be potentially useful in partially overcoming the relatively low 
specificity of the SUVmax value. Benign and inflamatory lesions 
tend to maintain stable or reduce SUV over time whereas malignant 
lesions show higher SUV values. The impact of DTPI has been assessed 
in various benign and malignant conditions however the clinical 
usefulness is not assessed in adrenal lesions [1-3]. This retrospective 
study was designed to investigate the clinical role of PET-CT DTPI 
method to distinguish benign from malignant adrenal lesions in 
various cancer patients and to compare the standart methods proposed 
in the literature such as SUVmax value, T/L SUV ratio, visual analysis.

Materials and Methods
Patients

A total of 60 patients (34 male and 26 female, age range: 25-89, 
mean: 60.7) were included. Primary malignancies of the patients were 
demonstrated in Table 1. Patients with adrenal lesions on contrast 

enhanced (CE) CT imaging were selected. Informed consent was taken 
from all patients. Patients were grouped as benign adrenal group (I), 
malignant adrenal group (II) and dual-phase-group (III).
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Abstract
Objectives: This retrospective study was designed to investigate the clinical role of FDG PET-CT, for the evaluation 

of adrenal lesions and to compare the standart methods with dual-time-point imaging (DTPI) method to distinguish 
benign from malignant lesions in various cancer patients.

Materials and methods:  A total of 60 patients with confirmed primary malignancies underwent PET-CT 
examinations. Of the 60 patients, 79 adrenal lesions (36 benign and 43 malignant adrenal lesions) were shown by CT. 
Patients were grouped as benign adrenal group (I), malignant adrenal group (II) and dual-phase-group (III). 

Results: A total of 20 (33%) patients were included in benign adrenal group (Group I) with 28 adrenal lesions. Mean 
SUVmax value 2.95 were evaluated. All adrenal lesions in Group I had SUVmax value below cut-off 4.2 except 2. 

A total of 19 (32%) patients were included in malignant adrenal group (Group II) with 22 adrenal lesions. Mean 
SUVmax value 8.16 were evaluated. All adrenal lesions in Group II had SUVmax value over cut-off 4.2 except 2. 

A total of 21 (35%) patients were included in dual phase adrenal group (Group III) with 29 adrenal lesions. For 
malignant adrenal lesions in group III, all of the 21 malign lesions showed increased FDG uptake and SUVmax value 
in late imaging.

 Conclusion: Dual time point imaging of PET-CT seems to be very effective especially in adrenal lesions, addition 
of dual phase study routinely is not necessary and recommented in only indeterminated lesions.

Primary lesion                                                    No. of patients
Lung cancer 36
Gastrointestinal malignancies 4
Malignant melanoma 1
Geitourinary malignancies 4
Brain 1
Breast carcinoma 6
Gynecological Malignancies 3
Head and Neck Primary 1
Primary Surrenal 2
Lymphoma 1
Leiomyosarcoma 1

Table 1: 18F-FDG PET/CT Indications.
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Imaging protocol

All patients fasted for at least 6 h before an FDG injection of 
370MBq (10 mCi). PET-CT scans were obtained 60 min after injection 
using an integrated scanner (Siemens, Biograph True Point 6 PET-
CT, Germany or GE Discovery PET-CT 610, US). A whole-body CT 
scan was performed without intravenous contrast administration 
with 130 kV, 50 mAs, a pitch of 1.5, a section thickness of 5 mm, and 
a field of view of 70 cm. A PET scan was performed immediately 
after an unenhanced CT scan, and acquired from the skull base to the 
upper thigh with a 3-min acquisition per bed position using a three-
dimensional acquisition mode. Group III patients were re-imaged 60 
min later from the first image at 2nd hour.

Diagnostic criteria for benign and malignant adrenal lesions

Histopathology and follow-up information after PET-CT 
scanning served as the standard of reference. For final assessment, the 
standards of references for adrenal malignant lesions were based on 
biopsy, interval growth, or reduction after chemotherapy. A mass was 
considered malignant if follow-up CECT scans showed a 30% decrease 
in the longest diameter (partially response) or disappearance (complete 
response) after chemotherapy or a 20% increase in the longest diameter 
(progressive disease) on follow-up CECT imaging. These criteria were 
based on Response Evaluation Criteria In Solid Tumors criteria [4,5]. 
An adrenal lesion remained unchanged on clinical and imaging follow-
up was decided as a benign lesion.

Image analysis

CECT scans were reviewed by a radiologist with more than 10 years’ 
experience on abdominal imaging who had no knowledge of either the 
other imaging results or the clinical information. The PET-CT images were 
qualitatively evaluated and prospectively assessed in consensus by three 
nuclear medicine physicians (readers A, B, and C with more than 10 years 
of experience) on PET-CT. PET-CT images were viewed in the coronal, 
axial, and sagittal sections. SUVmax of adrenal lesions were calculated on 
PET-CT by using Region of interest (ROI) included at least two-thirds of 
the adrenal lesions. Partial volume effect was minimized by this way. The 
regions were drawn by generating sphere circles. The quantitative uptake 
values of FDG (SUVmax) in the adrenal ROIs were semiautomatically 
calculated using workstations (Siemens and GE). SUVmean from the liver 
were also obtained from the ROI placed over the homogenous distribution 
of radioactivity in the right lobe of the liver that was free of metastasis and 
tumor SUVmax/liver SUVmean ratios were calculated. An SUVmax cut-
off value of 4.2 and 1.68 as the threshold for T/L SUV ratio was used for 
the differentiation of adrenal benign and malignant lesions according to 
earlier report [6]. in Group I and II patients. Decrease in SUVmax value 
in benign lesions and increase in SUVmax value in malignant lesions on 
late imaging criteria was used in group III. For final assessment standards 
of references for adrenal malignant lesions was based on biopsy, interval 
growth, or reduction after chemotherapy. An adrenal lesion, which 
remained unchanged on clinical and imaging follow-up was decided as a 
benign lesion.

Statistical analysis

The statistical analysis was performed by package program (IBM 
SPSS 21.0) and students T test was performed for determination of 
mean values. 

Results
A total of 60 patients (34 male and 26 female, age range: 25-89, 

mean: 60.7) who had confirmed primary malignancies (lung cancer in 
36 patients, gastrointestinal malignancies in 4 patients, genitourinary 
malignancies in 4 patient, malignant melanoma in 1 patient, breast 
carcinoma in 6 patients, gynecological malignancies in 3 patients, 
brain cancer in 1 patient, primary surrenal malignancies in 2 patients, 
leiomyosarcoma in 1 patient, head and neck primer in 1 patient and 
lymphoma in 1 patient) underwent PET-CT examinations for cancer 
screening, staging, restaging, and detection of suspected recurrence. All 
60 patients had histopathologically proven malignancies. FDG PET-CT 
indications and primary malignancies of 60 patients are summarized 
in Table 1. The most common malignancy was lung cancer. Of the 60 
patients 79 adrenal lesions (36 benign and 43 malignant adrenal lesions) 
were shown by CT. Seventeeth of 60 (28%) patients had bilateral adrenal 
lesions whereas 43 of the 60 patients (72%) had unilateral lesions. 
Figures 1 and 2 illustrate two patients with adrenal lesions and Table 2 
summarize the demographic characteristics of patients in three groups.

A total of 20 (33%) patients (12 M, 8 FM) with mean age 62.1 
(Range: 42-89) were included in benign adrenal group (Group I). 
Bilateral adrenal lesions was detected in 8 patients and a total of 28 
adrenal lesions in 20 patients (18 left, 10 right) with mean SUVmax 
value 2.95 were evaluated. All adrenal lesions in Group I had SUVmax 
value below cut-off 4.2 except 2.  An SUVmax cut-off value of 4.2 and 
1.68 as the threshold for T/L SUV ratio corresponded to a sensitivity of 
92.8%, spesificity of 100%, and accuracy of 96.4% for the differentiation 
of adrenal benign and malignant lesions.

A total of 19 (32%) patients (9 M, 10 FM) with mean age 59.5 (Range: 
35-85) were included in malignant adrenal group (Group II). Bilateral 
adrenal lesions was detected in 3 patients and a total of 22 adrenal lesions 
in 19 patients (13 left, 9 right) with mean SUVmax value 8.16 were 
evaluated. All adrenal lesions in Group II had SUVmax value over cut-off 
4.2 except 2.  An SUVmax cut-off value of 4.2 and 1.68 as the threshold 
for T/L SUV ratio corresponded to a sensitivity of 90.9%, specificity of 
100%, and accuracy of 95.4% for the differentiation of adrenal benign and 
malignant lesions. In adrenal malignant lesions maximum standardized 
uptake value (SUVmax: 8.16) was higher than that of adrenal benign 
lesions (SUVmax: 2.95, P< 0.0001) in Group I and II. SUVmax values 
for benign and malignant adrenal lesions and sensitivty, specificity and 
accuracy in Group I and II are shown in Table 3. 

A total of 21 (35%) patients (13 M, 8 FM) with mean age 60.7 
(Range: 25-75) were included in dual phase adrenal group (Group III). 
Bilateral adrenal lesions was detected in 6 patients and a total of 29 
adrenal lesions in 21 patients (17 left, 12 right) were evaluated. A total 
of 7 patients with 8 adrenal lesions (27.5%) were benign subgroup I and 
14 patients with 21 adrenal lesions (72.5%) were malign subgroup II. 
Decrease in SUVmax value in benign lesions and increase in SUVmax 

  Patient (%) Gender Age mean (Range)
Group I (Benign) 20/60 (33%) (12 M*, 8 FM**) 62.1 (42-89 )
Group II (Malignant) 19/60 (32%) (9 M, 10 FM) 59.5 (35-85)
Group III (Dual Phase) 21/60 (35%) (13 M, 8 FM) 60.7 (25-75)

Table 2: Demographic characteristics of the patients in three groups;*Male; 
**Female.

Group SUVmax. Sens. % Spec. % Acc 
Group I 2.95 92.8 100 96.4
Group II 8.16 90.9 100 95.4

Total   92 100 96

Table 3: SUVmax. values and sensitivity, specificity and accuracy in Group I and II; 
SUVmax: Maximum standardized uptake value.
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value in malignant lesions on late imaging criteria was used in group III. 
For malignant adrenal lesions in group III, all of the 21 malign lesions 
showed increased FDG uptake and SUVmax value with a sensitivity, 
specificity and accuracy % 100, 100 and 100, respectively. There was no 
adrenal malignant lesion showing decrease or stable SUVmax value in 

late imaging. Two adrenal malign lesions in this group had SUVmax 
values 4.11 and 3.52 below 4.2 cut-off on early images showed increased 
FDG uptake over time (Table 4). Especially, these two suspected lesions 
for malignancy with borderline SUVmax values had increase in uptake 
over time was found useful and proved malignancy in this group. Mean 

Figure 1: FDG PET-CT axial CT, axial PET-CT and coronal PET-CT images illustrate right adrenal malignant mass in a 35-year-old woman.

Figure 2: FDG PET-CT axial CT, axial PET-CT and MIP (Maximum intensity projection) images illustrate bilateral adrenal benign FDG non-avid adrenal lesions in a 
25-years-old woman.
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SUVmax value on early and late images in malignant lesions were 7.82 
and 9.52, respectively. For adrenal benign lesions in group III, 6 of the 
8 lesions (75%) showed decrease in late images. Although, 2 benign 
lesions (25%) showed increase in SUVmax value against long odds. Two 
benign lesions showing falsely increased uptake on late images had 4.07 
and 4.05 SUVmax values in early images both of which were below 4.2 
SUVmax cut-off. SUVmax values on late images for these lesions were 
4.87 and 5.21, respectively for these benign lesions (Table 5). In DTPI 
two benign lesions showed increased SUVmax value in late images. 
Although, if we had cut-off value 4.2 as a reference, these lesions would 
be reported as benign instead of malignant. Mean SUVmax value on 
early and late images in benign lesions were 2.71 and 2.74, respectively.  
When decrease in SUVmax and FDG uptake over time was taken as a 
criteria for benign lesions sensitivity, spesificity and accuracy were 75%, 
100% and 87.5%, respectively. 

Discussion
Malignant lesions appear as ‘hot spot’ and have elevated SUVmax 

on FDG PET-CT imaging 1 hour after the intravenous injection of 
FDG tracer because of glucose usage preferentially. However,  infective 
processes also induce increased FDG uptake. SUV or T/L SUV ratios 
per se are semiquantitative parameters that reflect metabolic activity, 
but are not specific markers of malignancies. Dual-time-point 
imaging (DTPI), which employs both early (first hour) and delayed 
scans (second hour or later) have been introduced to overcome the 
nonspesificity of PET.  DTPI is acquisition of 2 PET scan one of which 
after 60 min and second after 120-180 min following FDG injection. 
Malignant cells have upregulated GLUT transporter and hexokinase 
activity, trapping FDG [7,8]. If a malignant cell is present, the continued 
FDG uptake between early and late scans results in higher intensity of 
retained FDG. Inflammatory cells, which retain normal glucose-6-

phosphatase activity, will have decreased signal. The different pattern of 
FDG uptake in malignant versus nonmalignant cells is lower glucose-
6-phosphatase levels in cancerous tissue. Inflamatuar and infectious 
processes have different FDG uptake pattern because of higher level 
of glucose-6-phosphatase. As the uptake of 18F-FDG in malignancies 
is expected to increase over time DTPI could be potentially useful 
in partially overcoming the relatively low specificity of the SUVmax 
value. Recently, many studies have found interesting and sometimes 
confusing results using DTPI of 18F-FDG PET and PET-CT scanning 
for the differentiation of benign from malignant conditions [9-13]. The 
impact of DTPI has been assessed in various benign and malignant 
conditions including breast, lung, lymphoma, brain, head and neck, 
pancreatic lesions. However the clinical usefulness is not assessed in 
adrenal lesions. There are few case reports on this topic. In a case report, 
the authors present a 59-year-old male with an unknown primary 
malignancy who was referred for a 18F-FDG PET/CT imaging. Images 
revealed primary lung malignancy with co existing bilateral renal 
tuberculosis imitate metastases which otherwise would have gone 
amiss or would have been considered as metastases without dual phase 
[14]. In a case report the authors found useful delayed images  in a 
case of benign retroperitoneal pheochromocytoma showing multiple 
hypermetabolic regions corresponding with common locations of 
Brown adipose tissue [15].

A study by Okada et al. [16] reported 89% sensitivity and 94% 
specificity with an standardized uptake value SUVmax cutoff value of 
2.5 in 35 adrenal lesions in 30 patients. However, in our cancer patient 
population, who had 18F-FDG PET-CT examination, we observed that 
malignant adrenal lesions often have higher SUVmax values. On the 
basis of receiver operating curves, a SUVmax cutoff value of 4.2 (88.6% 
sensitivity; 88.2% specificity) and T/L SUV ratio of 1.68 (90% sensitivity; 
91.1% specificity) have been identified [6]. confirming the usefulness 

Patient Age Gender Primary diagnosis Early SUVmax left Late SUVmax left Early SUVmax right Late SUVmax right
1 63 M Lung ca 8.74 9.6 7.09 7.8
2 62 M Lung ca 7.77 12.56    
3 75 FM Genitourinary malignancy     4.83 5.38
4 59 FM Leiomyosarkom     4.22 6.21
5 62 FM Breast ca 10.73 and 8.21 11.41 and 8.81 7.18 7.23
6 68 M Lung ca 8.81 and 4.11* 11.60 and 4.60    
7 72 M Lung ca 4.9 5.75    
8 77 M Genitourinary malignancy     7.22 7.63
9 66 M Lung ca 6.19 8.56 3.52* 6.14
10 61 M Genitourinary malignancy 10.17 16.09    
11 74 M Malign melanoma 9.43 12.35 10.09 11.81
12 60 M Lung ca     15.16 16.35
13 54 FM Breast ca     7.84 9.19
14 57 M Lung ca 8.98 11.66 9.23 9.26

Table 4: Demographic characteristics, early and late SUVmax values of the patients in Group III patients. 

Patient Age Gender Primary diagnosis Early SUVmax left Late SUVmax left Early SUVmax right Late SUVmax right
1 75 M Lung ca 4.07 4.87*    
2 64 FM Gastrointestinal 2.5 2.2    
3 65 M Lung ca     2.73 2.45
4 60 M Gastrointestinal 1.34 1.12 1.34 1.12
5 25 FM Lung ca 2.76 2.52    
6 75 FM Gynecological 4.05 5.21*    
7 51 FM Lung ca 2.94 2.59    

Table 5: Two benign lesions showing falsely increased uptake on late images had 4.07 and 4.05 SUVmax values in early images both of which were below 4.2 SUVmax 
cut-off. SUVmax values on late images for these lesions were 4.87 and 5.21.
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of these parameters in differentiating benign from malignant adrenal 
lesions. An SUVmax cut-off value of 4.2 and 1.68 as the threshold for T/L 
SUV ratio corresponded to a sensitivity of 92%, specificity of 100%, and 
accuracy of 96% for the differentiation of adrenal benign and malignant 
lesions in the current study. In adrenal malignant lesions maximum 
standardized uptake value (SUVmax: 8.16) was higher than that of 
adrenal benign lesions (SUVmax: 2.95, P<0.0001) in Group I and II.

All of the 21 malign lesions showed increased FDG uptake and 
SUVmax value with a sensitivity, specificity and accuracy % 100, 100 
and 100, respectively in DTPI patients. There was no adrenal malignant 
lesion showing decrease or stable SUVmax value in late imaging. 
Mean SUVmax value on early and late images in malignant lesions 
were found 7.82 and 9.52, respectively.  Two adrenal malign lesions 
in this group had SUVmax values 4.11 and 3.52 below 4.2 cut-off on 
early images showed increased FDG uptake over time. Especially, 
these two suspected lesions for malignancy with borderline SUVmax 
values had increase in uptake over time was found useful and proved 
malignancy in this group. For adrenal benign lesions in group III, 6 of 
the 8 lesions (75%) showed decrease in late images. Although, 2 benign 
lesions (25%) showed increase in SUVmax value against long odds. Two 
benign lesions showing falsely increased uptake on late images had 4.07 
and 4.05 SUVmax values in early images both of which were below 4.2 
SUVmax cut-off. SUVmax values on late images for these lesions were 
4.87 and 5.21, respectively for these benign lesions. In DTPI two benign 
lesions showed increased SUVmax value in late images. Although, if 
we had cut-off value 4.2 as a reference, these lesions would be reported 
as benign instead of malignant. Mean SUVmax value on early and 
late images in benign lesions were 2.71 and 2.74, respectively.  When 
decrease in SUVmax and FDG uptake over time was taken as a criteria 
for benign lesions sensitivity, spesificity and accuracy were 75%, 100% 
and 87.5%, respectively. 

In a study by Kumar et al. including fifty-four breast cancer patients 
with 57 breast lesions, the authors concluded that a percent change 
of +3.75 or more in SUVs over  time  is highly sensitive and specific 
in differentiating inflammatory lesions from malignant lesions [17]. 
Preliminary data showed that dual time imaging appears to be useful 
in distinguishing malignant from benign lesions [18]. In a study by 
Lyshchik and co-authors, the authors reported that retention index 
calculated with dual-phase FDG-PET can be used not only as a tool for 
initial diagnosis and staging of pancreatic cancer but also as a strong 
independent prognostic parameter that can allow accurate identification 
of those patients who will benefit from intensive anticancer treatment 
at different stages of the disease [19]. Delayed  (18) F-FDG PET/
CT imaging at 180 minutes was reported improving quantitation 
of atherosclerotic plaque inflammation over imaging at 90 minutes 
[20]. The dual-time-point (18) F-FDG PET/CT was not found useful 
method for differentiating malignant and benign thyroid nodules [21]. 
The techniques of dual-time-point imaging (DTPI) and delayed-time-
point imaging, which are mostly being used for distinction between 
inflammatory and malignant diseases, has increased the specificity 
of fluorodeoxyglucose (FDG)-PET for diagnosis and prognosis of 
certain diseases [22]. Many studies have shown improvement in the 
diagnostic performance of using DTPI. In the current study, DTPI was 
found useful in majority of adrenal lesions. Despite additional cost, and 
radiation dose from abdominal late images, a washout study can alter 
the management strategy of patients. 

Conclusion
Combined information obtained from PET-CT (SUVmax, T/L 

SUV ratio, visual analysis is recommended for better differentiation.  
Although, dual time point imaging of 18F-FDG PET/CT seems to be 
very effective especially in surrenal lesions, addition of dual phase study 
is not necessary routinely and recommented in only indeterminated 
lesions.
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