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Objective: The aim of this study was to assess the detection ability of 68Ga-

DOTATATE in pulmonary versus extrapulmonary tumors with ectopic

adrenocorticotropic hormone secretion (EAS).

Methods: Images of 68Ga-DOTATATE PET/CT from 74 patients with suspected

EAS were retrospectively reviewed. EAS tumors were confirmed in 39 patients

through surgical resection or biopsy. Image findings were compared with the

histopathological results.

Results: EAS tumors were pathologically confirmed via surgery or biopsy in 39

patients. Among those 39 patients, 25 were with pulmonary neuroendocrine

tumors (NETs), and the remaining 14 were with extrapulmonary NETs. 68Ga-

DOTATATE PET/CT correctly identified the tumor in 26 patients, rendering an

overall detection rate of 66.7%. On a site-based analysis, 68Ga-DOTATATE PET/CT

correctly identified the EAS tumor in 13 of 25 patients with pulmonary NETs, yielding

a detection rate of 52%; for the 14 patients with extrapulmonary NETs, 68Ga-

DOTATATE PET/CT correctly identified the EAS tumor in 13, yielding a detection

rate of 92.9%. The detection rate of 68Ga-DOTATATE was significantly higher in

extrapulmonary NETs than in pulmonary NETs (92.9%% vs. 52%, P = 0.013). For the

13 patients with positive pulmonary NETs, the tumor SUVmax ranged from 1.1 to 7.4

with an average SUVmax of 3.1 ± 2.1. For the 13 patients with positive

extrapulmonary NETs, the tumor SUVmax ranged from 2.7 to 21.8 with an

average SUVmax of 9.9 ± 6.3. The tumor SUVmax was significantly higher in

extrapulmonary tumors than pulmonary tumors (P = 0.015). The tumor size was

smaller in pulmonary tumors than in extrapulmonary tumors, while the difference

was not significant (P = 0.516).

Conclusion: 68Ga-DOTATATE showed site-specific difference in detecting tumors

with EAS secretion. Specifically, 68Ga-DOTATATE performed better in the

extrapulmonary EAS tumors than in pulmonary ones with both higher detection

rate and uptake. Combination of anatomic imaging techniques are necessary for

the correct diagnosis of pulmonary EAS tumors.
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Introduction

Cushing’s syndrome is a rare disease. It is classified into

adrenocorticotropic hormone (ACTH)-dependent Cushing’s

syndrome, which accounts for 80% of cases, and ACTH-

independent Cushing’s syndrome, which accounts for 20% of

cases (1, 2). Ectopic adrenocorticotropic hormone secretion (EAS)

is a rare cause of ACTH-dependent Cushing’s syndrome (3). The

tumors responsible for EAS can originate from various sites of the

body, and the most commonly responsible tumors are pulmonary

neuroendocrine tumor (NET), followed by NET in other

extrapulmonary locations (thymus, pancreas, rectum, appendix),

and pheochromocytomas in rare cases (4). Correct identification of

the EAS source is crucial as surgical resection of the EAS tumor can

be curative for hypercortisolism, and may avoid unnecessary

adrenalectomy and lead to a favorable prognosis (1, 5).

Conventional anatomic imaging, including CT and MR, is

usually recommended as the initial imaging modality for

identifying the EAS tumor (3, 6). Functional imaging, Gallium-68

labeled somatostatin receptor PET/CT (68Ga-SSTR PET/CT) has

been proposed as a highly sensitive imaging modality for NET in

general, and has been shown to be superior to other imaging

methods in identifying the EAS tumor (3, 7, 8). As mentioned

before, NET responsible for EAS can originate from various

locations. Previous studies on the performance of 68Ga-SSTR

PET/CT generally included NETs of various origins. Marked

disease heterogeneity exists in NET; most gastroenteropancreatic

(GEP) NETs have high SSTR expression while only a proportion of

pulmonary NET express SSTR at sufficient levels (9, 10).

Based on practical experience and literature report, we speculated

that 68Ga-DOTATATE might perform better in extrapulmonary

NETs than pulmonary ones responsible for EAS. In order to

confirm this speculation, in the present study, we retrospectively

reviewed the EAS patients evaluated by 68Ga-DOTATATE to

determine whether 68Ga-DOTATATE performed differently

between pulmonary and extrapulmonary NETs responsible for EAS.
Material and methods

Patients

We retrospectively reviewed the medical records from 74

patients who underwent 68Ga-DOTATATE PET/CT between July

2014 and December 2022 for localizing the source of EAS in our

hospital. Of the 74 patients, the tumor responsible for EAS was

histopathologically proven in 39 patients through surgery or biopsy.

For these 39 patients, 68Ga-DOTATATE PET/CT was performed 2

weeks to 3 months before surgery or biopsy. The 68Ga-DOTATATE

PET/CT images of these 39 patients were further analysed and

compared with the results of the pathological examinations. The

histological diagnosis of gastroentero-pancreatic NET was made

according to the 2019 WHO classification, and the histological

diagnosis of thoracic NETs (lung, thymus, heart) was made
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image analysis for the patients in this study were approved by the

institutional review board of our hospital (Approval number:

YXLL20230021; date: 15 Feb 2023), patient consents were not

required due to the retrospective design.
68Ga-DOTATATE PET/CT imaging

Before 68Ga-DOTATATE PET/CT, the use of long-acting

somatostatin analogue was not allowed. PET/CT acquisitions

were performed with dedicated PET/CT scanners (Biograph 64

Truepoint True V, Siemens; Discovery 690, GE Healthcare). PET/

CT scans were acquired from the head to the mid-thigh in a 3D

mode (2 minutes per bed position). The scans were started 40˜60

minutes after the intravenous administration of 68Ga-DOTATATE

at a dose of 74˜148 MBq (2˜4mCi).
Image interpretation and statistical analysis

The 68Ga-DOTATATE PET/CT images were interpreted by 2

experienced nuclear medicine physicians. The images were visually

and semi-quantitatively analysed. Lesions with tracer uptake higher

than the surrounding tissue were considered positive, and lesions

with tracer uptake similar to or less than the surrounding tissue

were considered negative. The maximum standard uptake value

(SUVmax) and size (longest diameter) of the tumors were recorded.

The statistical analyses were performed using SPSS Statistics

(version 21.0, IBM SPSS Inc., IBM, Chicago, IL, USA). Continuous

data are expressed as mean ± standard deviation. The detection rate

of 68Ga-DOTATATE PET/CT between pulmonary and

extrapulmonary NETs was compared using c2 test. The difference

of tumor SUVmax and size between pulmonary and extrapulmonary

NETs was compared using nonparametric analysis. A P value less

than 0.05 was considered statistically significant.
Results

Among the 39 patients with pathologically confirmed EAS

tumors, 25 were with pulmonary NETs, and the remaining 14 were

with extrapulmonary NETs. For the 25 patients with pulmonary

NETs, 15 were diagnosed with typical carcinoids (TC), the remaining

10 were with atypical carcinoids (AC). The Ki-67 proliferation index

of patients with pulmonary NETs ranged from 1% to 10% with a

median value of 2%. The mitotic index data was available for 6

patients, and they were 1, <2, <2, <2, 3, and 4 mitoses/2 mm2,

respectively. For the 14 patients with extrapulmonary NETs, 3 were

diagnosed with a thymic NET, 4 with a mediastinal NET, 2 with a

pancreatic NET, 1 with a rectal NET, 1 with an intramyocardial NET,

1 with an appendiceal NET, and 2 with pheochromocytoma. The Ki-

67 proliferation index ranged from 1% to 70% with a median value of

5%. The mitotic index data was available for 2 of the patients, and

they were <2 mitoses/2 mm2 and 4 mitoses/2 mm2, respectively.
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Immunohistochemistry results for ACTH were positive in all

patients. The clinical characteristics of patients are listed in Table 1.
68Ga-DOTATATE PET/CT correctly identified the EAS tumor

in 26 patients, rendering an overall detection rate of 66.7%. On a

site-based analysis, we found that for the 25 patients with

pulmonary NETs, 68Ga-DOTATATE PET/CT identified the

tumor in 13 patients, yielding a detection rate of 52%. While for

the 14 patients with extrapulmonary NETs, 68Ga-DOTATATE

PET/CT identified the tumor in 13, yielding a detection rate of

92.8%, which was significantly higher than that for pulmonary

NETs (P = 0.013). The only patient with extrapulmonary NET

undetected by 68Ga-DOTATATE PET/CT was with thymic

carcinoid (tumor size, 0.8cm; Figure 1). The detection rate of
68Ga-DOTATATE in pulmonary TC and AC was 46.7% (7/15)

and 60% (6/10), respectively, and there was no statistically

significant difference (P = 0.688).

For the 13 patients with positive pulmonary NETs, the tumor

SUVmax ranged from 1.1 to 7.4 with an average SUVmax of 3.1 ± 2.1.

For the 13 patients with positive extrapulmonary NETs, the tumor

SUVmax ranged from 2.7 to 21.8 with an average SUVmax of 9.9 ± 6.3.

The average SUVmax was significantly higher in extrapulmonary

tumors than pulmonary tumors (P = 0.015). We also compared the

tumor size of all patients with pulmonary and extrapulmonary NETs.

The tumor size of pulmonary NETs ranged from 0.5 to 3.0 cm with an

average size of 1.1 ± 0.6 cm (median, 1.0 cm). The tumor size of

extrapulmonary NETs ranged from 0.5 to 2.5 cm with an average size

of 1.3 ± 0.5 cm (median, 1.4 cm). The comparison revealed that the

tumor size of extrapulmonary NETs was larger than pulmonary NETs

(1.1 ± 0.6 cm vs. 1.3 ± 0.5 cm, P = 0.516).
Discussion

The identification of tumors responsible for EAS has always

been a challenge. Previous studies have demonstrated that 68Ga-

DOTATATE PET/CT is an effective imaging modality in localizing

EAS tumors (11, 12). To date, our study includes the largest number

of patients with confirmed EAS tumors evaluated with 68Ga-

DOTATATE PET/CT from a single center. Our results revealed

an overall detection rate of 66.7% of 68Ga-DOTATATE PET/CT for

detecting EAS tumor, which is lower than that reported by previous
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detection rate of 75% of 68Ga-DOTATATE PET/CT in 20 patients

with histologically confirmed EAS tumors (11). The reason why
68Ga-DOTATATE showed a lower detection rate in our study

might be due to the fact that, the proportion of pulmonary NETs

(64.1%, 25/39) in our study is higher than theirs (50%, 10/20). This

will be further elaborated below. Two recent systematic reviews also

reported higher detection rate of 68Ga-DOTATATE of 76.1%

(n=69) and 81.8% (n=23), respectively (3, 13). However, these

two systematic reviews are subject to publication bias. Majority of

the articles included were case reports and case series, and cases of

false negative 68Ga-DOTATATE scans are likely underreported.

The main finding of the present study is that the detection rate

of 68Ga-DOTATATE PET/CT in extrapulmonary NETs is

significantly higher than that in pulmonary ones. This

phenomenon is not well known to clinical physicians at present.

Still, a similar finding has been mentioned briefly in a previous

study by Goroshi et al. They retrospectively reviewed 12 EAS

patients evaluated with 68Ga-DOTANOC PET/CT, and reported

a tendency for 68Ga-DOTANOC to have a lower sensitivity for lung

lesions (60%, 6/10) than GEP-NETs (100%, 3/3) (12). The study of

Liu et al. included 20 patients with pathologically confirmed EAS

tumors, which consisted of 10 with pulmonary NETs and 10 with

extrapulmonary NETs. Recalculation of their data also revealed a

lower detection rate of 68Ga-DOTATATE for pulmonary NETs

than extrapulmonary ones (60% vs. 90%) (11). We also found that

the tumor SUVmax of extrapulmonary NETs was significantly

higher than that of pulmonary NETs. In Addition, the size of

pulmonary tumors tended to be smaller, although not statistically

significant, than extrapulmonary tumors. Pulmonary tumors with

small size are often subject to partial-volume effect, making it

difficult to measure the actual metabolic status (14). It is

noteworthy that all pulmonary EAS tumors in this study were

detected by chest CT. The finding of 68Ga-DOTATATE

demonstrating higher detection rate in extrapulmonary NETs

than in pulmonary ones is of clinical significance and helps the

selection of diagnostic modality. For pulmonary EAS tumor,

combination of anatomic imaging techniques is necessary to

achieve a correct diagnosis.

By comparing with previously published studies, we also found

that, the detection rate of 68Ga-DOTATATE for pulmonary NETs
TABLE 1 Clinical characteristics of patients with confirmed ectopic adrenocorticotropic hormone secretion.

Pulmonary NETS Extrapulmonary NETs P value

Number of patients 25 14 –

Age (years) 37.8 ± 16.3 42.9 ± 16.7 0.309

Sex (F/M) 16/9 7/7 –

Ki-67 proliferation index (median, range) 3.5 ± 2.5%, (1% ˜ 10%) 12.7 ± 20.9, (1% ˜ 70%) 0.394

Tumor size (cm) 1.1 ± 0.6 1.3 ± 0.5 0.516

Tumor SUVmax 3.1 ± 2.1 9.9 ± 6.3 0.015

Detection rate of 68Ga-DOTATATE 52% 92.9% 0.013
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(52%) responsible for EAS was lower compared to that reported for

nonfunctional ones. A meta-analysis evaluated the diagnostic

accuracy of 68Ga-SSTR PET/CT in pulmonary carcinoids, and

reported that the pooled sensitivity of 68Ga-SSTR PET/CT in

detecting pulmonary carcinoid was 90%; the range of sensitivity

of 68Ga-SSTR PET/CT was 79%˜100% (15–19). One reason might

be that the pulmonary NETs responsible for EAS were much

smaller in size. The average tumor size of pulmonary NETs in the

present study was 1.1 ± 0.6 cm. While the average tumor size of

nonfunctional pulmonary carcinoids reported in previous studies

ranged from 2.7 ± 1.3cm to 4.1 ± 1.9cm (20–22). Another reason

might be that hypercortisolism associated with EAS may cause the

downregulation of SSTR expression (8, 23, 24). The Ki-67 index was

correlated WHO grade (G1, <3%; G2, 3-20%; G3, >20%), and the

Ki-67 index mean value of patients depends on the percentage of

patients with G1/2/3. The Ki-67 index value of pulmonary NETs

was lower than extrapulmonary NETs with no statistically

significant difference. This was expected as the pulmonary NETs

in our series included 15 typical carcinoids (Ki-67, <3%) and 10
Frontiers in Oncology 04
atypical carcinoids (Ki-67, 3-20%), and extrapulmonary NETs

included one G3 patient with Ki-67 of 70%.

This study had several limitations. First, the present study was

retrospective in design, which might be subject to inherent selection

biases. Second, the number of extrapulmonary NETs was relatively

small compared to that of pulmonary NETs. Besides,

extrapulmonary NETs include tumors of various origins. Thus,

we were not able to further investigate the site-specific performance

of 68Ga-DOTATATE in extrapulmonary NETs. Thirdly, in

reviewing of existing literature, we did not find robust evidence to

support that pulmonary NETs with EAS have lower SSTR

expression than pulmonary NETs without EAS. It is only a

speculation that hypercortisolism associated with EAS might

cause downregulation of SSTR expression of pulmonary NETs. In

future, studies comparing SSTR status in pulmonary NETs with

EAS and those without EAS by immunohistochemistry should be

carried out. Lastly, our manuscript might contain deficiencies

regarding pathological diagnosis, as pathological data of most

patients were obtained through retrospective review of the
FIGURE 1

A 53-year-old man with EAS showed positive 68Ga-DOTATATE uptake in the thymic nodule (A–D, blue arrows; tumor SUVmax: 5.2; tumor size:
0.5cm). The nodule was surgically resected, and was pathologically confirmed to be thymic neuroendocrine tumor (G1, Ki-67 index, 1%).
frontiersin.org

https://doi.org/10.3389/fonc.2023.1204963
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2023.1204963
pathological reports. Still, the diagnoses of tumor to be EAS source

causing Cushing syndrome were correct as immunohistochemistry

results for ACTH were positive in all patients and patients achieved

symptoms relief after surgical removal of the tumor.
Conclusions

68Ga-DOTATATE showed site-specific difference in detecting

tumors with EAS secretion. Specifically, 68Ga-DOTATATE

performed better in the extrapulmonary EAS tumors than in

pulmonary ones with both higher detection rate and uptake.

Combination of anatomic imaging techniques are necessary for

the correct diagnosis of pulmonary EAS tumors.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by the institutional review board of Yuncheng Central

Hospital of Shanxi Province. Written informed consent for

participation was not required for this study in accordance with
Frontiers in Oncology 05
the national legislation and the institutional requirements. Written

informed consent was not obtained from the individual(s) for the

publication of any potentially identifiable images or data included in

this article.
Author contributions

JW, TL, ZL, and XG contributed to the design and

implementation of the research, to the analysis of the results, and

to the writing of the manuscript. All authors contributed to the

article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Ilias I, Torpy DJ, Pacak K, Mullen N, Wesley RA, Nieman LK. Cushing’s
syndrome due to ectopic corticotropin secretion: twenty years’ experience at the
National Institutes of Health. J Clin Endocrinol Metab (2005) 90(8):4955–62.
doi: 10.1210/jc.2004-2527

2. Isidori AM, Kaltsas GA, Pozza C, Frajese V, Newell-Price J, Reznek RH, et al. The
ectopic adrenocorticotropin syndrome: clinical features, diagnosis, management, and long-
term follow-up. J Clin Endocrinol Metab (2006) 91(2):371–7. doi: 10.1210/jc.2005-1542

3. Isidori AM, Sbardella E, Zatelli MC, BoschettiM, Vitale G, Colao A, et al. Conventional
and nuclear medicine imaging in ectopic cushing’s syndrome: a systematic review. J Clin
Endocrinol Metab (2015) 100(9):3231–44. doi: 10.1210/jc.2015-1589

4. Ejaz S, Vassilopoulou-Sellin R, Busaidy NL, Hu MI, Waguespack SG, Jimenez C,
et al. Cushing syndrome secondary to ectopic adrenocorticotropic hormone secretion:
the university of Texas MD Anderson cancer center experience. Cancer (2011) 117
(19):4381–9. doi: 10.1002/cncr.26029

5. Biller BM, Grossman AB, Stewart PM, Melmed S, Bertagna X, Bertherat J, et al.
Treatment of adrenocorticotropin-dependent cushing’s syndrome: a consensus
statement. J Clin Endocrinol Metab (2008) 93(7):2454–62. doi: 10.1210/jc.2007-2734

6. Santhanam P, Taieb D, Giovanella L, Treglia G. PET imaging in ectopic cushing
syndrome: a systematic review. Endocrine (2015) 50(2):297–305. doi: 10.1007/s12020-
015-0689-4

7. Wannachalee T, Turcu AF, Bancos I, Habra MA, Avram AM, Chuang HH, et al.
The clinical impact of [(68) ga]-DOTATATE PET/CT for the diagnosis and
management of ectopic adrenocorticotropic hormone - secreting tumours. Clin
Endocrinol (Oxf) (2019) 91(2):288–94. doi: 10.1111/cen.14008

8. de Bruin C, Hofland LJ, Nieman LK, van Koetsveld PM, Waaijers AM, Sprij-
Mooij DM, et al. Mifepristone effects on tumor somatostatin receptor expression in two
patients with cushing’s syndrome due to ectopic adrenocorticotropin secretion. J Clin
Endocrinol Metab (2012) 97(2):455–62. doi: 10.1210/jc.2011-1264

9. Zidan L, Iravani A, Oleinikov K, Ben-Haim S, Gross DJ, Meirovitz A, et al.
Efficacy and safety of (177)Lu-DOTATATE in lung neuroendocrine tumors: a bicenter
study. J Nucl Med (2022) 63(2):218–25. doi: 10.2967/jnumed.120.260760

10. Zidan L, Iravani A, Kong G, Akhurst T, Michael M, Hicks RJ. Theranostic
implications of molecular imaging phenotype of well-differentiated pulmonary
carcinoid based on (68)Ga-DOTATATE PET/CT and (18)F-FDG PET/CT. Eur J
Nucl Med Mol Imaging (2021) 48(1):204–16. doi: 10.1007/s00259-020-04915-7

11. Liu Q, Zang J, Yang Y, Ling Q, Wu H, Wang P, et al. Head-to-head comparison
of (68)Ga-DOTATATE PET/CT and (18)F-FDG PET/CT in localizing tumors with
ectopic adrenocorticotropic hormone secretion: a prospective study. Eur J Nucl Med
Mol Imaging (2021) 48(13):4386–95. doi: 10.1007/s00259-021-05370-8

12. Goroshi MR, Jadhav SS, Lila AR, Kasaliwal R, Khare S, Yerawar CG, et al.
Comparison of 68Ga-DOTANOC PET/CT and contrast-enhanced CT in localisation
of tumours in ectopic ACTH syndrome. Endocr Connect (2016) 5(2):83–91.
doi: 10.1530/ec-16-0010

13. Varlamov E, Hinojosa-Amaya JM, Stack M, Fleseriu M. Diagnostic utility of
gallium-68-somatostatin receptor PET/CT in ectopic ACTH-secreting tumors: A
systematic literature review and single-center clinical experience. Pituitary (2019) 22
(5):445–55. doi: 10.1007/s11102-019-00972-w

14. Soret M, Bacharach SL, Buvat I. partial-volume effect in PET tumor imaging. J
Nucl Med (2007) 48(6):932–45. doi: 10.2967/jnumed.106.035774

15. Jiang Y, Hou G, ChengW. The utility of 18F-FDG and 68Ga-DOTA-Peptide PET/
CT in the evaluation of primary pulmonary carcinoid: a systematic review and meta-
analysis. Med (Baltimore) (2019) 98(10):e14769. doi: 10.1097/md.0000000000014769
frontiersin.org

https://doi.org/10.1210/jc.2004-2527
https://doi.org/10.1210/jc.2005-1542
https://doi.org/10.1210/jc.2015-1589
https://doi.org/10.1002/cncr.26029
https://doi.org/10.1210/jc.2007-2734
https://doi.org/10.1007/s12020-015-0689-4
https://doi.org/10.1007/s12020-015-0689-4
https://doi.org/10.1111/cen.14008
https://doi.org/10.1210/jc.2011-1264
https://doi.org/10.2967/jnumed.120.260760
https://doi.org/10.1007/s00259-020-04915-7
https://doi.org/10.1007/s00259-021-05370-8
https://doi.org/10.1530/ec-16-0010
https://doi.org/10.1007/s11102-019-00972-w
https://doi.org/10.2967/jnumed.106.035774
https://doi.org/10.1097/md.0000000000014769
https://doi.org/10.3389/fonc.2023.1204963
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2023.1204963
16. Gasparri R, Rezende GC, Fazio N, Maisonneuve P, Brambilla D, Travaini LL,
et al. Fluorodeoxyglucose positron emission tomography in pulmonary carcinoid
tumors. Q J Nucl Med Mol Imaging (2015) 59(4):446–54.

17. Moore W, Freiberg E, Bishawi M, Halbreiner MS, Matthews R, Baram D, et al.
FDG-PET imaging in patients with pulmonary carcinoid tumor. Clin Nucl Med (2013)
38(7):501–5. doi: 10.1097/RLU.0b013e318279f0f5

18. Uhlén N, Grundberg O, Jacobsson H, Sundin A, Dobra K, Sánchez-Crespo A,
et al. 18F-FDG PET/CT diagnosis of bronchopulmonary carcinoids versus pulmonary
hamartomas. Clin Nucl Med (2016) 41(4):263–7. doi: 10.1097/rlu.0000000000001114

19. Venkitaraman B, Karunanithi S, Kumar A, Khilnani GC, Kumar R. Role of
68Ga-DOTATOC PET/CT in initial evaluation of patients with suspected
bronchopulmonary carcinoid. Eur J Nucl Med Mol Imaging. (2014) 41(5):856–64.
doi: 10.1007/s00259-013-2659-5

20. Tatci E, Ozmen O, Gokcek A, Biner IU, Ozaydin E, Kaya S, et al. 18F-FDG PET/
CT rarely provides additional information other than primary tumor detection in
Frontiers in Oncology 06
patients with pulmonary carcinoid tumors. Ann Thorac Med (2014) 9(4):227–31.
doi: 10.4103/1817-1737.140134

21. Kayani I, Conry BG, Groves AM,Win T, Dickson J, Caplin M, et al. A comparison
of 68Ga-DOTATATE and 18F-FDG PET/CT in pulmonary neuroendocrine tumors. J
Nucl Med (2009) 50(12):1927–32. doi: 10.2967/jnumed.109.066639

22. Jindal T, Kumar A, Venkitaraman B, Meena M, Kumar R, Malhotra A, et al.
Evaluation of the role of [18F]FDG-PET/CT and [68Ga]DOTATOC-PET/CT in
differentiating typical and atypical pulmonary carcinoids. Cancer Imaging. (2011) 11
(1):70–5. doi: 10.1102/1470-7330.2011.0010

23. Ambrosini V, Nanni C, Fanti S. The use of gallium-68 labeled somatostatin
receptors in PET/CT imaging. PETClin (2014) 9(3):323–9. doi: 10.1016/j.cpet.2014.03.008

24. de Bruin C, Feelders RA, Waaijers AM, van Koetsveld PM, Sprij-Mooij DM,
Lamberts SW, et al. Differential regulation of human dopamine D2 and somatostatin
receptor subtype expression by glucocorticoids in vitro. J Mol Endocrinol (2009) 42
(1):47–56. doi: 10.1677/jme-08-0110
frontiersin.org

https://doi.org/10.1097/RLU.0b013e318279f0f5
https://doi.org/10.1097/rlu.0000000000001114
https://doi.org/10.1007/s00259-013-2659-5
https://doi.org/10.4103/1817-1737.140134
https://doi.org/10.2967/jnumed.109.066639
https://doi.org/10.1102/1470-7330.2011.0010
https://doi.org/10.1016/j.cpet.2014.03.008
https://doi.org/10.1677/jme-08-0110
https://doi.org/10.3389/fonc.2023.1204963
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Site-specific performance of 68Ga-DOTATATE PET/CT in detecting tumors with ectopic adrenocorticotropic hormone secretion
	Introduction
	Material and methods
	Patients
	68Ga-DOTATATE PET/CT imaging
	Image interpretation and statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


