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Context: Adrenocortical carcinomas are uncommon, and their eval-
uation by [18F]fluorodeoxyglucose positron emission tomography
(FDG PET) has not been well evaluated.

Objective: The purpose of this study was to examine the potential
utility of FDG PET in the detection of recurrent or metastatic adre-
nocortical carcinoma.

Design: In patients with known adrenocortical carcinoma who un-
derwent FDG-PET imaging for suspected recurrence or metastasis,
FDG activity was compared with other imaging findings, clinical
features, and the presence or absence of disease as confirmed by
resection, biopsy, or clinical follow-up.

Setting: The study took place at four tertiary referral centers.

Patients or Other Participants: Twelve patients (10 females and
two males, 5–71 yr of age) were evaluated.

Main Outcome Measures: The main outcome measures were FDG
activity, other imaging findings, and clinical features.

Results: Abnormal FDG uptake correctly indicated tumor recurrence
in 10 patients. One patient with no abnormal FDG activity had a
morphological abnormality subsequently proven to be a postoperative
scar. Two patients, one with very small pulmonary lesions and one
with a hepatic metastasis, had false-negative findings.

Conclusions: Most adrenocortical carcinomas accumulate and re-
tain FDG and thus can be visualized by PET. However, false-negative
findings are possible, especially with very small lesions. (J Clin
Endocrinol Metab 91: 2665–2671, 2006)

ADRENOCORTICAL CARCINOMA (ACC) is an un-
common malignant neoplasm. Its estimated annual

incidence in the United States is approximately 1–2 per mil-
lion. Its age distribution is bimodal, with peak frequency at
ages younger than 5 yr and ages 30–50 yr. The mean age at
diagnosis is approximately 45 yr (1). Adrenocortical cancer
is slightly more common in females than in males (59:41) (2).
The etiology of ACC is not known, but smoking and oral
contraceptives may be risk factors (3, 4). Additionally, there
is an association with the Li-Fraumeni and Beckwith-Wiede-
mann syndromes (5, 6). ACC may be biochemically active in
more than 50% of patients (7).

Computed tomography (CT) or magnetic resonance (MR)
imaging is used most often in the initial imaging investiga-
tion of ACC. Although both modalities are useful for dis-

tinguishing benign from malignant adrenal disease and for
detecting local tumor extension, their accuracy in the detec-
tion of metastatic ACC and in disease restaging during fol-
low-up is less well established. Recent evidence suggests that
positron emission tomography (PET) with [18F]fluorodeoxy-
glucose (FDG) or [11C]metomidate may be useful for detec-
tion of ACC. FDG PET is widely used for imaging of solid
tumors, but because of the rarity of ACC, few studies have
addressed the role of FDG PET in its assessment. There have
been two studies that have specifically addressed this. A
study of 10 patients with ACC consistently demonstrated
abnormal metabolic activity (8). Leboulleux et al. (9) recently
evaluated individual metastatic lesions in 22 patients with
ACC, finding the sensitivity of PET/CT for the detection of
individual lesions to be 90%. The study did have a selection
bias because only patients with abnormal CT findings were
included (22 of 28 patients presenting). Other adrenal FDG
PET studies that included small numbers (1–3) of patients
with ACC as part of an assessment of adrenal lesions in
general invariably found abnormal FDG activity within ACC
(10–13). We therefore investigated the utility of FDG PET in
detecting recurrent and metastatic ACC.
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Patients and Methods
Patients

This study was initiated at the University of Michigan Medical Center
and was subsequently expanded to include three additional institutions.
The study was approved by the Institutional Review Board for the Use
of Human Subjects in Research and the Subcommittee for the Human
Use of Radioisotopes at the University of Michigan and by the Institu-
tional Review Boards of St. Jude Children’s Research Hospital. Eligible
participants received FDG PET imaging to assess suspected recurrent or
metastatic ACC at the four institutions between January 2000 and Sep-
tember 2005. Written informed consent was obtained from patients,
parents, or guardians, as appropriate.

Imaging technique

Six patients were imaged on a Siemens Biograph PET CT scanner,
three patients were imaged on a Siemens ECAT HR� scanner, one on
a Siemens ECAT HR, one on a GE Discovery PET CT scanner, and one
on a GE Discovery PET scanner. After an overnight or 4-h fast, patients
were injected with 296–370 MBq (8–10 mCi) FDG per 1.7 m2 of body
surface area. Approximately 45 min later, the patients were positioned
within the PET scanner, and emission and transmission imaging were
begun. Patients 1–9 and 11–12 were scanned from neck to thigh, and
patient 10 was scanned from the top of the head to the bottom of the feet
in two separate acquisitions. Patient 10 has undergone multiple PET
scans in conjunction with clinical care for planning and evaluating the
effects of radiofrequency ablation of pulmonary metastases. Images
were acquired over a period of 40–60 min. Attenuation correction was
performed in all patients. Attenuation correction maps were acquired
either by use of a retractable germanium-68 source or by transmission
imaging with CT. Images were reconstructed using an ordered subset
expectation maximization (OSEM) algorithm and reviewed in multiple
planes.

Image analysis

Reviewers of the images (G.C.M. and B.L.S.) were blinded to the
results of other studies. Tumor uptake of FDG was assessed both qual-
itatively and semiquantitatively. Organs that normally accumulate FDG
were identified by visual inspection of the images. FDG activity in
regions that did not normally accumulate FDG was considered abnor-
mal. Uptake of tracer by the abnormal regions was analyzed qualita-
tively by rating it on a scale of 0–3 in comparison with uptake by a
normal region of the patient’s liver: 0, no uptake; 1, uptake less than that
of the liver; 2, uptake equal to that of the liver; 3, uptake greater than
that of the liver.

Semiquantitative analysis was also performed. The standardized up-
take value (SUVmax) was calculated in all patients (Table 1) as follows.
When an area of abnormal FDG uptake was evident on PET imaging, an
elliptical region of interest (ROI) was defined over that site(s) and over
a region of the liver, which served as reference organ. The elliptical ROI
was defined to encompass the majority of the lesion, and the same ROI
was defined in an area of normal-appearing liver, usually in the same
transverse plane. The SUVmax was derived from the area of greatest FDG
accumulation in the ROI using software that identifies the area of max-
imal FDG uptake on a pixel by pixel basis. The tumor-to-liver activity
ratio was calculated as SUVmax (lesion)/SUVmax (liver). In the one pa-
tient who underwent PET/CT and whose study did not show abnormal
FDG uptake, the ROI was determined on the basis of the CT image.

The results of the FDG PET imaging were correlated with the findings
of histology from biopsy/resection in four patients. In the remaining
eight patients, the disease status was established by follow-up demon-
strating disease progression (in seven patients) and stable disease for 36
months (in one patient).

Results
Patients

Twelve patients, 10 female and two male (ages 5–71 yr),
with a history of ACC underwent FDG PET imaging during
the study period to assess suspected recurrent or metastatic

disease. Patient demographics, FDG PET results, and clinical
findings are summarized in Table 1.

Image analysis

Ten of the 12 patients showed abnormally high FDG ac-
tivity, and recurrent or metastatic ACC was subsequently
demonstrated (Figs. 1 and 2). SUVs ranged from 1.9–14.2 in
lesions showing abnormal FDG uptake. The tumor-to-liver
activity ratio was greater than 2.0 in 10 of the 12 patients. Four
of these patients had recurrent tumor in the adrenal bed, and
seven had hepatic or pulmonary metastases (Table 1). All
tumors were confirmed either by biopsy or follow-up CT
examination. Tumor uptake was greater than liver uptake
(grade 3) in each case of abnormal uptake due to ACC.

Two patients (patients 1 and 2) had abnormal findings on
CT that were initially suspected to be ACC but that showed
no corresponding abnormal FDG activity. Patient 1 pre-
sented with a low-density lesion in the liver on CT consid-
ered suspicious for recurrent disease. The SUV of 1.9 on the
PET scan corresponding to this region and the tumor-to-liver
activity ratio of 0.9 suggested that this was benign disease,
and this was supported by a subsequent biopsy demonstrat-
ing postoperative scar tissue and stable findings on subse-
quent CT studies over the next 36 months. Patient 2 had both
a true-positive finding (hepatic metastasis) and a true-neg-
ative finding (postoperative scar tissue in the adrenal bed);
both were confirmed by needle biopsy, with the patient dy-
ing of progressive metastatic disease after 15 months.

Patient 5 had widely disseminated disease involving the
adrenal bed, liver, and lungs. Although the bulky recurrent
tumor in the adrenal bed showed substantial FDG activity
(SUV 3.5), abnormal uptake was evident only in the largest
of the numerous pulmonary nodules (�30%), which ranged
in size from barely detectable on CT imaging to 2 cm in
diameter (Fig. 3). Although there was not histological con-
firmation of each of these nodules, they were classified as
metastatic disease on the basis of their CT appearance and
subsequent disease progression.

There was one additional false-negative finding. Patient 3
had a hepatic metastasis that showed no abnormal FDG
uptake (Fig. 4). The measured SUV in the metastatic lesion
was 2.9, but this was lower than the SUV of the surrounding
liver and the tumor-to-liver activity ratio was only 0.7. This
patient had undergone adrenalectomy at the time of initial
diagnosis, 5 yr previously. The pathology report at that time
described a 7-cm ACC that had invaded the adrenal capsule.
At the time of follow-up 5 yr later, a 3-cm mass was evident
in the inferior aspect of the right lobe of the liver on CT
imaging (Fig. 4). Despite the absence of significant metabolic
activity, the lesion was resected and found to be recurrent
ACC.

Discussion
Our findings indicate that most ACC accumulate and re-

tain FDG. However, an occasional or very small tumor may
not accumulate sufficient FDG to allow detection. Other PET
imaging tracers, such as [11C]metomidate, that probe char-
acteristics specific to adrenal cortical lesions may prove to be
more useful (14).

2666 J Clin Endocrinol Metab, July 2006, 91(7):2665–2671 Mackie et al. • FDG PET in Adrenocortical Carcinoma

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/91/7/2665/2656465 by guest on 05 O
ctober 2020



CT or MR imaging is most often used for the initial eval-
uation of ACC. These anatomically based methods generally
show a heterogeneous adrenal mass with variable enhance-
ment of the solid components. Both techniques are useful in
assessing local tumor extension, and MR imaging is partic-
ularly useful for detecting vascular invasion. Considerable

efforts have been made to assess the ability of CT and MR
imaging to distinguish adrenal adenoma from metastatic
carcinoma. This distinction is generally based on the high
lipid content of adrenal adenomas. Chemical-shift MR im-
aging and low Hounsfield unit measurements on CT may
demonstrate the presence of lipid, suggesting benign lesions

TABLE 1. Patient characteristics

No. Age
(yr) Sex Study

Relative
FDG

uptake

Size
(cm) SUV Tumor-to-liver

SUV ratio Diagnosis History Confirmation

1 37 F PET/CT 2 1 1.9 0.9 Postoperative
changes

Cushing’s syndrome; right
adrenalectomy 6 yr
earlier; recurrence in
liver 1 yr later; routine
follow-up imaging

Follow-up at 36 months:
stable

2 50 F PET 3 2.5 9.2 2.7 Metastatic ACC Resection of ACC 2 yr
earlier; routine follow-
up imaging

Follow-up: progressive
disease (deceased, 15
months)

3 71 M PET/CT 1 3 2.9 0.7 Metastatic ACC Presented 5 yr earlier
with refractory
hypertension, elevated
aldosterone; routine
follow-up imaging

Resection

4 51 F PET 3 2.5 8.5 2.1 Recurrent ACC Hirsutism, acne, weight
gain, elevated
testosterone; routine
follow-up imaging

Resection

5 39 F PET/CT 3 6 3.5 2.2 Recurrent ACC Presented with
nonfunctioning
abdominal mass;
routine follow-up
imaging

Follow-up at 12 months:
progressive disease

6 66 F PET/CT 3 4 14.2 4.8 Metastatic ACC Presented 2 yr earlier
with hirsutism and
elevated testosterone;
routine follow-up
imaging

Follow-up at 12 months:
progressive disease

7 24 F PET/CT 3 5 9.5 4.3 Metastatic ACC Cushing’s syndrome at
presentation 1 yr
earlier; routine follow-
up imaging

Needle biopsy

8 51 F PET/CT 3 2 6.9 2.3 Recurrent ACC Cushing’s syndrome at
presentation 1 yr
earlier; routine follow-
up imaging

Needle biopsy

9 8 M PET 3 3 4.5 2.2 Metastatic ACC Precocious puberty at
presentation, elevated
plasma testosterone

Follow-up

10 5 F PET/CT 3 4 7.0 2.1 Metastatic ACC Virilization, hypertension,
seizures at presentation
at age 2 yr; pulmonary
metastases developed,
complete remission
after chemotherapy;
routine follow-up
imaging;

Progressive disease

11 8 F PET 3 3 10.8 6.4 Metastatic ACC Precocious puberty at
presentation; resection;
pulmonary metastases
after 6 months;
complete response
chemotherapy; relapse
1 yr later

Follow-up

12 6 F PET 3 1.5 3.9 4.3 Recurrent ACC Precocious puberty at
presentation; resection;
rising DHEAS 1 yr
after resection

Follow-up

Reference scale for relative uptake is as follows: 0 � no uptake; 1 � less than liver uptake; 2 � equal to liver uptake; 3 � greater than liver
uptake. DHEAS, Dehydroepiandrosterone sulfate; F, female; M, male.
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(15, 16). A more recent technique distinguishes benign from
malignant adrenal disease by assessing the washout char-
acteristics of iv contrast agent (17, 18). FDG PET, on the other
hand, relies on differences in metabolic activity to distinguish
benign from malignant disease. FDG PET cannot yet distin-
guish ACC from metastatic disease in the adrenal glands.
Neither can it distinguish among pheochromocytoma, met-
astatic disease, and lymphoma, which generally exhibit high
glycolytic activity (19).

FDG PET can help to distinguish between benign and
malignant adrenocortical disease. Recently, Bagheri et al. (20)
showed that FDG uptake could be identified in normal ad-
renal glands in 68% of patients when coregistered PET/CT
images were examined. However, in the vast majority of

normal adrenal glands that showed FDG uptake in that
study, the intensity of uptake was equal to or less than that
of the liver. Adrenal adenomas generally do not show ab-
normal metabolic activity, and hence, in the case of an en-
larged adrenal gland, PET imaging may help to distinguish
adenoma from carcinoma. In the rare cases in which an
adrenal adenoma does show elevated metabolic activity on

FIG. 1. Patient 7, true-positive FDG PET. Axial (A) and coronal (B)
FDG PET images demonstrate intense metabolic activity in the right
adrenal bed caused by recurrent adrenocortical carcinoma.

FIG. 2. Patient 8, true-positive FDG PET. A and B, Transverse FDG
PET images (A) and fusion image (B) from concurrent CT demon-
strating mild activity in the right adrenal bed. C, This lesion is barely
visible just adjacent to the inferior vena cava on contrast-enhanced
CT. Surgery was performed to remove a small retroperitoneal focus
of well-differentiated ACC invading the liver adjacent to the inferior
vena cava.
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FDG PET, the activity may reflect inflammation within the
lesion (21).

In the future, FDG PET imaging will likely be used to
restage disease and to evaluate patients for local recurrence
and distant metastasis. The most common sites of distant
metastasis of ACC are the liver, lung, lymph nodes, and
peritoneum (22, 23). In our small, multi-institutional series,
we found FDG PET to detect local recurrent disease reliably
(within the adrenal bed), even when anatomic imaging was
inconclusive, and to be somewhat less reliable for detection
of metastatic disease in the liver and lungs. The sensitivity of
the scan will depend on several factors, including the inher-
ent metabolic activity of the individual tumor studied, re-
ceiver-operator characteristics, and scanner and protocol de-
tails. For patient 5, despite the largest tumor in the series, the
adrenal bed lesion SUV was only 3.5, indicating that this
tumor did not display as high uptake as tumors of the other
patients. This may be the reason why many of the relatively
large pulmonary lesions in this patient showed only faint
uptake of FDG. In other patients with more metabolically
active tumors, smaller lesions may be identified.

FDG PET is useful in distinguishing malignant from be-

nign adrenocortical lesions other than ACC (24–27). Most of
the malignant lesions in these studies have been metastatic
adrenal lesions. Two previous studies have specifically as-
sessed the use of FDG PET in ACC. Becherer et al. (8) pro-
spectively studied 10 patients with ACC and found FDG PET
imaging to be 100% sensitive and 95% specific for malig-
nancy. The authors observed that FDG-PET could detect
multiple lesions that were not evident by other imaging
modalities. More recently, Leboulleux et al. (9) compared the
use of PET/CT to conventional thoraco-abdominopelvic CT
(TAP-CT) in the diagnosis. They found that although
PET/CT was more sensitive than TAP-CT, the techniques
were complementary, because lesions not seen on one mo-
dality were often seen on the other. One patient in their study
had a liver lesion detected on TAP-CT that was not evident
on PET/CT, but it is not clear whether this was a false-
negative PET/CT finding or whether it was because the liver
lesion was benign (e.g. a hemangioma or cyst) or too small
to reasonably be expected to be detected on CT. The patient
with a 3-cm liver lesion that was proven metastatic ACC is
the only false-negative ACC that we have been able to
document.

FIG. 3. Patient 5, true-positive FDG
PET. A–C, Transverse FDG PET (A),
concurrent CT (B), and fused PET and
CT images (C) demonstrate moderately
increased activity in the right adrenal
bed (recurrent tumor). D and E, Innu-
merable pulmonary nodules were ap-
parent on CT (D) (lung windows), but
only the larger of these (E) demon-
strated activity on FDG PET (the large
area of markedly increased uptake is
myocardium).
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Conclusion

FDG PET is useful for the detection of recurrent and met-
astatic ACC. However, an occasional tumor and small pul-

monary lesions may not accumulate sufficient FDG to allow
detection, resulting in false-negative findings. Additional
evaluation is required to determine the utility of FDG PET for
monitoring the response to chemotherapy and/or
radiotherapy.

Acknowledgments

We thank Sandra Gaither for secretarial expertise and Sharon Naron
for editorial assistance in the preparation of this manuscript.

Received December 2, 2005. Accepted April 6, 2006.
Address all correspondence and requests for reprints to: Barry L.

Shulkin, M.D., Department of Radiological Sciences, St. Jude Children’s
Research Hospital, 332 North Lauderdale, Mail Stop 752, Memphis,
Tennessee 38105-2794. E-mail: Barry.shulkin@stjude.org.

This work was supported by U.S. Public Health Service Grants CA
54216 (to B.L.S.) and MO1-RR00042 (General Clinical Research Center of
the University of Michigan), Cancer Center Support Grant CA 21765,
Pediatric Oncology Education Program Grant 5R25 CA23944, and by the
American Lebanese Syrian Associated Charities (ALSAC).

References

1. Wajchenberg BL, Albergaria Pereira MA, Medonca BB, Latronico AC, Cam-
pos Carneiro P, Alves VA, Zerbini MC, Liberman B, Carlos Gomes G,
Kirschner MA 2000 Adrenocortical carcinoma: clinical and laboratory obser-
vations. Cancer 88:711–736

2. Wooten MD, King DK 1993 Adrenal cortical carcinoma. Epidemiology and
treatment with mitotane and a review of the literature. Cancer 72:3145–3155

3. Chow WH, Hsing AW, McLaughlin JK, Fraumeni Jr JF 1996 Smoking and
adrenal cancer mortality among United States veterans. Cancer Epidemiol
Biomarkers Prev 5:79–80

4. Hsing AW, Nam JM, Co Chien HT, McLaughlin JK, Fraumeni Jr JF 1996 Risk
factors for adrenal cancer: an exploratory study. Int J Cancer 65:432–436

5. Sameshima Y, Tsunematsu Y, Watanabe S, Tsukamoto T, Kawa-ha K, Hirata
Y, Mizoguchi H, Sugimura T, Terada M, Yokota J 1992 Detection of novel
germ-line p53 mutations in diverse-cancer-prone families identified by select-
ing patients with childhood adrenocortical carcinoma. J Natl Cancer Inst 84:
703–707

6. Henry I, Jeanpierre M, Couillin P, Barichard F, Serre JL, Journel H, Lam-
ouroux A, Turleau C, de Grouchy J, Junien C 1989 Molecular definition of the
11p15.5 region involved in Beckwith-Wiedemann syndrome and probably in
predisposition to adrenocortical carcinoma. Hum Genet 81:273–277

7. Dackiw AP, Lee JE, Gagel RF, Evans DB 2001 Adrenal cortical carcinoma.
World J Surg 25:914–926

8. Becherer A, Vierhapper H, Potzi C, Karanikas G, Kurtaran A, Schmaljohann
J, Staudenherz A, Dudczak R, Kletter K 2001 FDG-PET in adrenocortical
carcinoma. Cancer Biother Radiopharm 16:289–295

9. Leboulleux S, Dromain C, Bonniaud G, Auperin A, Caillou B, Lumbroso J,
Sigal R, Baudin E, Schlumberger M 2006 Diagnostic and prognostic value of
18-fluorodeoxyglucose positron emission tomography in adrenocortical car-
cinoma: a prospective comparison with computed tomography. J Clin Endo-
crinol Metab 91:920–925

10. Ahmed M, Al-Sugair A, Alarifi A, Almahfouz A, Al-Sobhi S 2003 Whole-
body positron emission tomographic scanning in patients with adrenal cortical
carcinoma: comparison with conventional imaging procedures. Clin Nucl Med
28:494–497

11. Kreissig R, Amthauer H, Krude H, Steinmueller P, Stroszczynski C, Hosten
N, Grueters A, Felix R 2000 The use of FDG-PET and CT for the staging of
adrenocortical carcinoma in children. Pediatr Radiol 30:306

12. Zettinig G, Mitterhauser M, Wadsak W, Becherer A, Pirich C, Vierhapper H,
Niederle B, Dudczak R, Kletter K 2004 Positron emission tomography im-
aging of adrenal masses: 18F-fluorodeoxyglucose and the 11�-hydroxylase
tracer 11C-metomidate. Eur J Nucl Med Mol Imaging 31:1224–1230

13. Tenenbaum F, Groussin L, Foehrenbach H, Tissier F, Gouya H, Bertherat J,
Dousset B, Legmann P, Richard B, Bertagna X 2004 18F-fluorodeoxyglucose
positron emission tomography as a diagnostic tool for malignancy of adre-
nocortical tumours? Preliminary results in 13 consecutive patients. Eur J En-
docrinol 150:789–792

14. Khan TS, Sundin A, Juhlin C, Langstrom B, Bergstrom M, Eriksson B 2003
11C-metomidate PET imaging of adrenocortical cancer. Eur J Nucl Med Mol
Imaging 30:403–410

15. Mitchell DG, Crovello M, Matteucci T, Petersen RO, Miettinen MM 1992
Benign adrenocortical masses: diagnosis with chemical shift MR imaging.
Radiology 185:345–351

16. Korobkin M, Brodeur FJ, Yutzy GG, Francis IR, Quint LE, Dunnick NR,

FIG. 4. Patient 4, false-negative FDG PET. A, Transverse contrast-
enhanced CT image demonstrating a round, enhancing mass in the
posterior aspect of the right lobe of the liver; B and C, transverse FDG
PET image (B) at same level with a fused PET/CT image (C) of the
lesion (concurrent CT without contrast) demonstrating no activity
within the lesion. Biopsy and subsequent resection confirmed this
mass to be metastatic ACC.

2670 J Clin Endocrinol Metab, July 2006, 91(7):2665–2671 Mackie et al. • FDG PET in Adrenocortical Carcinoma

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/91/7/2665/2656465 by guest on 05 O
ctober 2020



Kazerooni EA 1996 Differentiation of adrenal adenomas from nonadenomas
using CT attenuation values. AJR Am J Roentgenol 166:531–536

17. Korobkin M, Brodeur FJ, Francis IR, Quint LE, Dunnick NR, Londy F 1998
CT time-attenuation washout curves of adrenal adenomas and nonadenomas.
AJR Am J Roentgenol 170:747–752

18. Szolar DH, Kammerhuber FH 1998 Adrenal adenomas and nonadenomas:
assessment of washout at delayed contrast-enhanced CT. Radiology 207:369–
375

19. Shulkin BL, Thompson NW, Shapiro B, Francis IR, Sisson JC 1999 Pheo-
chromocytomas: imaging with 2-[fluorine-18]fluoro-2-deoxy-d-glucose PET.
Radiology 212:35–41

20. Bagheri B, Maurer AH, Cone L, Doss M, Adler L 2004 Characterization of the
normal adrenal gland with 18F-FDG PET/CT. J Nucl Med 45:1340–1343

21. Rao SK, Caride VJ, Ponn R, Giakovis E, Lee SH 2004 F-18 fluorodeoxyglucose
positron emission tomography-positive benign adrenal cortical adenoma: im-
aging features and pathologic correlation. Clin Nucl Med 29:300–302

22. King DR, Lack EE 1979 Adrenal cortical carcinoma: a clinical and pathologic
study of 49 cases. Cancer 44:239–244

23. Luton JP, Cerdas S, Billaud L, Thomas G, Guilhaume B, Bertagna X, Laudat
MH, Louvel A, Chapuis Y. Blondeau P, Bonnin A, Bricaire H 1990 Clinical
features of adrenocortical carcinoma, prognostic factors, and the effect of
mitotane therapy. N Engl J Med 322:1195–1201

24. Yun M, Kim W, Alnafisi N, Lacorte L, Jang S, Alavi A 2001 18F-FDG PET in
characterizing adrenal lesions detected on CT or MRI. J Nucl Med 42:1795–1799

25. Maurea S, Mainolfi C, Bazzicalupo L, Panico MR, Imparato C, Alfano B,
Ziviello M, Salvatore M 1999 Imaging of adrenal tumors using FDG PET:
comparison of benign and malignant lesions. Am J Roentgenol 173:25–29

26. Boland GW, Goldberg MA, Lee MJ, Mayo-Smith WW, Dixon J, McNicholas
MM, Mueller PR 1995 Indeterminate adrenal mass in patients with cancer:
evaluation at PET with 2-[F-18]-fluoro-2-deoxy-d-glucose. Radiology 194:131–
134

27. Erasmus JJ, Patz Jr EF, McAdams HP, Murray JG, Herndon J, Coleman RE,
Goodman PC 1997 Evaluation of adrenal masses in patients with bronchogenic
carcinoma using 18F-fluorodeoxyglucose positron emission tomography. Am J
Roentgenol 168:1357–1360

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

Mackie et al. • FDG PET in Adrenocortical Carcinoma J Clin Endocrinol Metab, July 2006, 91(7):2665–2671 2671

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/91/7/2665/2656465 by guest on 05 O
ctober 2020


