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Abstract

Purpose The aim of this study was to assess the diagnostic
efficacy of PET/CT using various parameters for the
characterization of adrenal nodules in lung cancer patients.
Methods Sixty-one adrenal nodules in 51 lung cancer
patients were evaluated. The final diagnosis was based on
histology (n=2) or imaging follow-up (n=59, range of
follow-up: 7-57 months, median 27 months). Each adrenal
nodule was analyzed using four parameters of PET/CT: the
maximum standardized uptake value (SUV,,.x), the adrenal
nodule/liver ratio of the SUV (SUV ratio), Hounsfield units
(HU) and size. The optimal cutoff of each parameter for the
identification of metastatic nodule was determined by ROC
analysis and then the diagnostic efficacy was compared
among the parameters.
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Results Ofthe 61 adrenal nodules, 45 (73%) were considered
metastasis. The optimal cutoff values of the parameters were
SUVhax >2.7, SUV ratio >1.3, HU >18 and size>20 mm,
respectively. The sensitivity, specificity and accuracy by
SUV hax >2.7 were 88.9%, 87.5% and 88.5%, and those by
SUV ratio >1.3 were 84.4%, 100% and 88.5%, respectively.
The combination of SUV ratio >1.3 and HU >18 had
sensitivity of 97.7%, specificity of 81.2% and accuracy of
93.4% to predict adrenal metastasis in patients with lung
cancer.

Conclusion SUV ratio from F-18 FDG PET/CT could
identify the adrenal metastasis in lung cancer patients. The
combination of SUV ratio and HU can improve the
accuracy of differentiating benign and metastatic adrenal
lesions in lung cancer patients.

Keywords Adrenal metastasis - FDG - PET/CT - Lung
cancer

Introduction

Incidental adrenal masses are detected in approximately 5%
of the patients who undergo routine abdominal computed
tomography (CT) [1]. Most of these lesions are regarded as
benign adenomas in patients without any history of
malignancy [2]. However, adrenal metastases are frequently
noted in patients with carcinoma. In a review of 1,000
consecutive autopsies, adrenal metastases were noted in
27% of the carcinoma patients; the incidence of adrenal
metastasis in the lung cancer patients included on that study
was 35% [3]. Therefore, accurately differentiating benign
from metastatic adrenal masses is important for the optimal
management of patients with lung cancer. Percutaneous
biopsy remains the “gold standard” for confirming the
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status of adrenal lesion, but this is an invasive procedure
that is often associated with complications [4].

Noninvasive imaging methods, such as CT or magnetic
resonance imaging (MRI), have been used to differentiate
metastases from benign adrenal adenoma. CT has shown
usefulness for differentiating benign from malignant adre-
nal tumors by measuring the attenuation [Hounsfield units
(HU)] [5-7]. MRI is often performed to further characterize
the indeterminate masses seen on CT [8, 9]. '*Fluorine-
fluorodeoxyglucose (F-18 FDQG) positron emission tomog-
raphy (PET) and PET/CT have shown encouraging results
for evaluating adrenal metastasis in patients with lung
cancer [10-14]. In contrast to CT, F-18 FDG PET imaging
provides metabolic information, based on the increased
glucose metabolism in malignant lesions. The CT compo-
nent on integrated PET/CT had a limited role for correcting
the attenuation and for anatomic localization in the past.
Most PET/CT scans do not routinely include the contrast
studies. Therefore, the metabolic parameters on PET and
the HU on unenhanced CT implemented on the integrated
PET/CT scan can be used together for the identification of
adrenal mass. But there is no consensus on the accurate
diagnostic criteria for the evaluation of adrenal masses with
using these two parameters.

The purpose of this study was to assess the diagnostic
efficacy of F-18 FDG PET/CT for the evaluation of adrenal
metastasis in lung cancer patients and to develop the
optimal diagnostic algorithm using the PET/CT parameters.

Materials and Methods
Patients

We initially identified patients who underwent a diag-
nostic work-up for primary lung cancer by both diag-
nostic CT and F-18 FDG PET/CT scans from July 2005
to February 2008. Fifty-one consecutive patients who had
lung cancer and abnormal adrenal lesions diagnosed at
our institute were enrolled. The eligibility requirements
included: (1) primary lung cancer proven by pathology,
(2) abnormal adrenal lesion(s) detected on either diag-
nostic CT scans (nodule or enhanced nodularity) or FDG
PET scans (focal FDG uptake greater than background),
(3) the time between FDG PET/CT scan and diagnostic
CT scans was no more than 2 weeks, and (4) adrenal
lesions proven by pathology or imaging follow-up for
more than 6 months.

FDG PET/CT Imaging

F-18 FDG PET/CT scans were acquired using an integrated
PET/CT scanner (Discovery LS; GE Medical Systems,

Milwaukee, Wis.), which consisted of a PET scanner
(Advanced NXi; GE medical Systems) and an eight-slice
helical CT scanner (LightSpeed Plus; GE Medical Sys-
tems). All patients were instructed to fast for at least 6 h
before the scans. Blood glucose levels in all 51 patients
were <6.6 mmol/l. Truncal PET scans were performed in
two-dimensional (2D) mode using five to seven bed
positions to ensure adequate coverage from head to pelvic
floor. Emission scans (5 min/frame; 128 x 128 matrix) were
performed 50 min after intravenously injecting 370 MBq of
F-18 FDG. CT scans were performed immediately before
PET scans using a multidetector helical CT scanner. The
imaging parameters were as follows: 140 kVp, 80 maA,
0.8 s per CT rotation, a pitch of 6 and a 22.5-mm/s table
speed. No contrast material was administered. CT images
were created using a 512x512 matrix, but were reduced
this to a 128x128 matrix to correspond to PET emission
images. PET/CT images were reconstructed using CT
scans for attenuation correction and the OSEM algorithm
(two iterations, 16 subsets), as previously described [15].
The images were co-registered using dedicated software
(eNTEGRA; GE medical Systems).

FDG PET/CT Image Interpretation

Abnormal FDG uptake was defined as uptake greater
than the background uptake in the surrounding tissues
that did not exhibit tracer uptake. The areas of abnormal
FDG uptake were identified, and the intensities of FDG
uptake were quantified by calculating standardized
uptake values (SUVs) from the amounts of FDG that
was injected, the total body weight and the regional
uptake on the attenuation-corrected regional image.
Specifically, SUV was defined as the maximum SUV
of the region of interest (ROI) and it was calculated by
the following equation: (activity/unit volume)/(injected
dose/total body weight). All PET/CT scans were
reviewed and interpreted by two experienced nuclear
medicine physicians.

The ROIs were drawn manually around the adrenal
lesions on the transaxial sections of the PET images. In
order to minimize the variation according to the size of the
ROIs and to assure reproducibility, we obtained the
maximum SUYV, which was defined as the peak SUV of
the pixel with the highest counts in the sequential transaxial
scans throughout the adrenal lesions. For comparing the
adrenal FDG uptake, we also drew more than three circular
ROIs of 3-cm diameter in the livers on the transaxial
sections that did not contain metastatic lesions or other
parenchymal abnormalities, and we calculated the maxi-
mum SUVs of the liver (SUVy).

On the diagnostic CT scans, we measured the size of the
adrenal lesions at their long axis. With the help of a
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radiologist and with the diagnostic CT scans, we drew
circular ROIs of 5-mm diameter in the adrenal lesions on
more than two sequential transaxial CT sections of the PET/
CT scans that did not contain X-ray artifacts but they
sufficiently covered the lesion sites, and then we calculated
the mean HU.

Assessment of Adrenal Metastases

Adrenal metastases were confirmed on the histopatho-
logic specimens in two patients who underwent adrenal
resection. For the other cases, we considered those
lesions as adrenal metastases when the adrenal lesions
exhibited sequential aggravation on the following CT
scans or FDG PET/CT scans after 2 months or they
showed a decrease of more than 30% of diameter on the
following CT scans after chemotherapy in 2 months.
Adrenal lesions were regarded as benign when the
sequential CT or FDG PET/CT scans did not exhibit
any change during the follow-up period that was at least
more than 6 months.

Definitions and Calculations of the PET/CT Parameters

We defined the maximum SUV of adrenal lesions as
SUV,ax» the adrenal-to-liver ratio of the maximum SUV
as SUV ratio, and the Hounsfield units of the adrenal lesion
as HU. The size of the adrenal lesion was measured at the
long axis on CT scans.

Statistics

We compared size, HU, SUV ., and SUV ratio between
the adrenal metastasis and the benign lesions by indepen-
dent #-tests. We analyzed the diagnostic performance of
each parameter and the optimal cut-offs in terms of their
abilities to discriminate adrenal metastases from benign
lesions. For this purpose, we used the receiver operating
characteristic (ROC) curves and calculated the areas under
the curves (AUC) for each parameter. Comparison of the
AUC for each parameter was analyzed using MedCalc
version 7.4 (MedCalc Software, Mariakerke, Belgium). We
chose the parameters that best predicted adrenal metastases
and determined the practical cut-offs that showed the
highest accuracy. We then grouped the patients using these
cut-offs, and calculated sensitivity, specificity and accuracy.
Finally, we devised a decision tree for diagnosing adrenal
metastases based on the imaging parameters and the
calculated predictive values using this model. All the
calculations were performed using SPSS version 13.0
(SPSS, Chicago, Ill.). All the p values were derived from
two-sided tests, and p values <0.05 were considered
significant.
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Results
Characteristics of the Patients and the Adrenal Lesions

The patients’ characteristics are detailed in Table 1. Their
median age was 62 years (range: 38—78 years) and 78% of
the patients were male. Forty-three patients (84.3%) had
non-small cell lung cancer (NSCLC) and eight (15.6%) had
small cell lung cancer (SCLC). Based on the revised AJCC
staging system without considering the adrenal lesions,
seven patients (13.7%) were Stage I, four patients (7.8%)
were a Stage I, seven (13.7%) were a Stage III and 33
(64.7%) were a Stage IV. Ten (19.6%) of 51 patients
showed bilateral adrenal lesions and so 61 adrenal lesions
were assessed in this study.

The median size of the adrenal lesions on the
diagnostic CT scans was 20 mm (range: 890 mm).
The median HU of the adrenal lesions on the PET/CT
scans was 28 (range: 10-42). The median values of
SUVax and SUV ratio were 4.1 and 1.8, respectively.
Forty-five adrenal lesions (73.7%) were defined as
metastases. Two adrenal lesions of two patients were
resected and these were histopathologically proven to be
metastases. The other 43 adrenal lesions were regarded as
metastatic ones due to aggravation that was seen on the
follow-up sequential imaging studies or they had a
decrease in diameter of more than 30% after chemother-
apy. Sixteen adrenal lesions (26.2%) were considered as
non-metastatic benign ones because there was no interval
change on the follow-up sequential imaging studies for at
least 6 months (median period: 27 months, range:
7-57.5 months).

Table 1 Patients’ characteristics

Characteristic Value (%)
Total number of patients 51
Age (year) Mean + SD 60+9.5
Range 38-78
Gender Male 40 (78.4)
Female 11 (21.5)
AJCC stage I 7 (13.7)
I 4 (7.8)
11 7 (13.7)
v 33 (64.7)
Histopathology NSCLC 43 (84.3)
SCLC 8 (15.6)
Number of adrenal lesions Total 61
Unilateral 41
Bilateral 10
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Comparison of Size and the PET/CT Parameters Between
the Metastatic and Non-metastatic Adrenal Lesions

The size and PET-CT parameters according to the adrenal
lesions are plotted in Fig. 1. There were significant
differences in size and the PET/CT parameters between
the metastatic and non-metastatic adrenal lesions (Table 2).
The sizes of the metastatic and non-metastatic adrenal
lesions were 27+17 mm and 17+5 mm, respectively, and
the difference was significant (p=0.001). The HU (29+8 vs
9+13, respectively) as well as both the SUV ., (6.5£3.8 vs
2.0+0.7, respectively) and the SUV ratio (3.0+£2.0 vs 0.8+
0.2, respectively), were all significantly different (p<
0.001).

ROC Curve Analysis of Adrenal Metastasis

The ROC curves of size, HU, SUV .., and SUV ratio were
plotted to predict adrenal metastasis (Fig. 2). SUV ratio
showed the largest AUC (0.962), followed by SUV .
(0.945), HU (0.925) and size (0.714). Based on the AUC,
SUYV ratio exhibited the highest diagnostic performance to
predict adrenal metastasis. The optimal cut-offs of the
parameters were SUV . >2.7, SUV ratio >1.3, HU >18
and size >20 mm, respectively. The sensitivity, specificity
and accuracy by SUV,.« >2.7 were 88.9%, 87.5% and
88.5%, and those by SUV ratio >1.3 were 84.4%, 100%
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Table 2 Comparison of parameters between benign and metastatic
adrenal lesions

Parameters Benign (n=16)" Metastasis (n=45)" P value
Size (mm) 17+£5 27+17 0.001

HU 9+13 29+8 <0.001
SUV,ax 2.0+0.7 6.5+3.8 <0.001
SUV ratio 0.8+£0.2 3.0+£2.0 <0.001

?Data are means = standard deviations

and 88.5%, respectively. The sensitivity, specificity and
accuracy by HU >18 were 86.7%, 81.2% and 85.2%,
whereas those by size >20 mm were 53.3%, 87.5% and
62.3%, respectively (Table 3). We found that high SUV .«
(>2.7) or SUV ratio (>1.3) values predicted adrenal
metastasis, and therefore, we could set the cut-off values
for either SUV .« or SUV ratio. Although both of the two
parameters reflect the degree of FDG uptake, they have
close correlation with each other by their nature and SUV
ratio value exhibited a larger AUC than SUV,,,, so we
chose the cut-off of SUV ratio. Based on this cut-off, we
divided the adrenal lesions into two groups: group I (SUV
ratio >1.3; n=38) and group II (SUV ratio <1.3; n=23). All
38 adrenal lesions in group I had metastasis. Of the 23
adrenal lesions in group II, 16 (69.5%) were benign and
seven (30.4%) were adrenal metastasis.
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Fig. 1 Differences in distribution between benign and metastatic adrenal nodules for size (a), HU (b), SUV .« (¢), and SUV ratio (d)
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ROC Curve Analysis for the Group II Patients

The size of group II tumors was smaller than the size of
group I tumors (mean #+ SD: 14+5 vs 29+17 mm,
respectively, p<0.05). We thought that metabolic underes-
timation had occurred due to the small volume effect, and
so another criterion besides metabolic parameters was
required. In order to predict adrenal metastasis for the

Table 3 Diagnostic performance by each parameter and combined
model

Optimal cut-off Sensitivity ~ Specificity ~ Accuracy
(%) (%) (%)

SUV pax>2.7 88.9 87.5 88.5

SUV ratio>1.3 84.4 100 88.5

HU>18 86.7 81.2 85.2

Size>20 mm 53.3 87.5 62.3

SUV ratio>1.3 and HU>18  97.7 81.2 93.4

@ Springer
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group II patients, we drew ROC curves and calculated the
AUCs of size and HU. HU was found to better predict
adrenal metastasis among the group II patients (AUC=
0.888) than size (AUC=0.612). Six of the nine adrenal
lesions with an HU of >18 were metastasis, while most
adrenal lesions (13 of 14) with an HU of <18 were benign
lesions.

Decision Tree for the Evaluation of Adrenal Metastasis

A decision tree was devised to predict adrenal metastasis
based on the SUV ratio and HU values (Fig. 3).
According to our model, 47 adrenal lesions were
predicted to have metastasis, and the remaining 14 were
predicted to be benign. The sensitivity, specificity and
accuracy to predict adrenal metastasis in the patients with
lung cancer and who had abnormal adrenal lesions were
97.7%, 81.2% and 93.4%, respectively. This diagnostic
performance was compared with the single parameters of
PET/CT (Table 3).
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Adrenal-to-liver ratio of SUVmax
|

SUV ratio > 1.3 SUV ratio <1.3
(38/38 Metastasis)

HU of adrenal lesion

[ |
HU > 18 HU <18

(6/9 Metastasis) (13/14 Benign)

Fig. 3 Proposed decision tree for prediction of adrenal metastasis.
Combination of SUV ratio greater than 1.3 and HU greater than 18
can improve the sensitivity and accuracy. Numbers in parentheses
represent individual nodules satisfying the criteria

Discussion

Detection of adrenal masses on imaging studies can be
problematic when staging or restaging lung cancer. If an
adrenal mass is considered to be metastasis, then the
management and prognosis of the patient will be
changed. However, isolated ipsilateral adrenal metastasis
in a patient with otherwise resectable NSCLC is
considered to be localized disease [16]. In some studies,
resection of isolated adrenal metastases has been shown to
improve the survival of these patients [17, 18]. Therefore,
accurate differentiation of benign from metastatic adrenal
masses is important for the optimal management of
patients with lung cancer.

CT has been widely used as a conventional imaging
modality for the detection and evaluation of adrenal
masses. A benign adrenal mass tends to be smaller than
a malignant mass, but, a small-sized adrenal malignancy
should be considered. No size threshold has yielded
both high sensitivity and specificity [2]. Adrenal
adenomas frequently contain a large amount of intra-
cytoplasmic lipid, and so they show low attenuation on
CT, which allows quantitative evaluation by measuring
the HU [7, 19]. Many researchers have reported that
attenuation thresholds on unenhanced CT have shown a
better performance than size to diagnose adrenal malig-
nancy and nonadenomas [5—7]. An adrenal lesion of 10
HU or less on unenhanced CT suggests the presence of
intracytoplasmic lipid and therefore an adenoma with a
sensitivity of 71% and specificity of 98% [5]. However,
approximately 30% of adenomas are lipid poor, and these
adenomas show higher attenuation values of greater than
10 HU [2]. Thus, not all adrenal adenomas can be
characterized using unenhanced CT alone. Attenuation
values (HU) are influenced by the CT technique. The CT
component of integrated PET/CT in our study was

obtained using a lower kilovoltage and milliamperage
compared with the conventional CT settings. Therefore,
overestimation of HU should be considered in small-
sized lesions such as adrenal nodules [13]. Contrast
washout studies have recently enabled differentiating
adrenal metastases from lipid-poor adenomas [20, 21].
Adenomas demonstrate a more rapid washout of contrast
medium, whether they are lipid-rich or not. But this is
often not feasible in clinical practice because unenhanced
CT scans are not routinely obtained, and patients
frequently leave the department before their CT scans
are reviewed.

Previous studies with PET or PET/CT have proposed
variable thresholds of FDG avidity that are highly
sensitive for detecting metastatic adrenal lesions [10-14,
22-25]. Two recent studies [14, 22] using a cut-off of the
SUVmax >3.1 reported sensitivities of 98.5 and 97.3%,
respectively. Other studies using visual assessment (an
adrenal lesion was considered to be metastasis if its FDG
uptake was greater than that of liver) also reported
excellent sensitivities of 93—100% [10, 12, 25]. However,
adrenal adenoma can also show FDG uptake greater than
that of liver, thus decreasing the specificity of the PET
interpretation.

In our study, various parameters were used to improve
the diagnostic efficacy of F-18 FDG PET/CT for differen-
tiating benign and metastatic adrenal nodules in lung cancer
patients. SUV ratio, SUV,,.x and HU were more sensitive
and accurate than size for identifying metastatic adrenal
lesions. In terms of specificity, the SUV ratio criterion was
superior to the others (100 vs 87.5%). We propose a
diagnostic approach for the evaluation of adrenal metastasis
by a combination of SUV ratio >1.3 and HU >18. The
sensitivity, specificity and accuracy of this model to predict
adrenal metastasis were 97.7%, 81.2% and 93.4%, respec-
tively. These diagnostic performance exhibited higher
sensitivity and accuracy than those of the single parameters
such as SUV,,,« and SUV ratio, and equal specificity
compared with HU.

This is a retrospective study, and so there may have
been a sampling bias. Our study had a small population
and only a small number of adrenal lesions (two of 61,
3%) were proved with histopathologic confirmation.
Additional large studies are needed to confirm and
expand on our results for more accurate diagnosis of
adrenal metastasis.

In conclusion, the SUV ratio from F-18 FDG PET/CT
could identify adrenal metastasis in lung cancer patients.
Our combined criteria of SUV ratio >1.3 and HU >18 can
improve the accuracy of differentiating benign and meta-
static adrenal lesions in lung cancer patients.
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