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Abstract

Following initial surgery, patients with adrenocortical carcino-
ma (ACC) are commonly treated with the adrenolytic substance 
mitotane in an adjuvant or therapeutic setting. Treatment re-
sponses, however, are variable. The objective of the study was 
to investigate a possible correlation between FDG-PET activity 
of the remaining adrenal gland and therapeutic response of 
mitotane treatment. This is a retrospective study enrolling pa-
tients from two German centers with operated ACC and mini-
mal information on PET-CT scanning. Eighty-two ACC patients 
after adrenalectomy were included (66 treated with mitotane 
and 16 without medical therapy). FDG uptake of the contralat-
eral adrenal gland, liver and mediastinum was analyzed from a 
total of 291 PET/CT scans (median 4 scans per patient) and 
correlated with clinical annotations including overall and re-
currence free survival. The majority of patients (81 %) displayed 
a temporary increase in adrenal FDG uptake within the first 18 
months following surgery, which was not associated with a 
morphological correlate for potential malignancy. This increase 
was mainly present in patients treated with mitotane (51/61, 
84 %) but less frequent in the control group (4/7, 57 %). No di-
rect correlation with mitotane plasma levels were evident. 
Patients following R0 resection with high adrenal uptake 
showed a tendency towards better clinical outcome without 
reaching a significance value (HR 1.41; CI 0.42–4.75; p = 0.059). 
FDG update of the contralateral adrenal gland may not be mis-
interpreted as sign of malignancy but might be rather associ-
ated with a trend towards better clinical outcome.

*	 These authors have equally contributed to the manuscript.
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Abbreviation
ACC	 Adrenocortical carcinoma
PET	 Positron emission tomography
SUVmax	 Standardized uptake value
FDG	 Fluorodeoxyglucose

Introduction
Adrenocortical cancer (ACC) is a rare tumor entity with an overall 
poor prognosis [1]. The heterogeneous course requires personal-
ized therapeutic approaches that include surgery of the primary 
tumor, local ablation of single metastases, adrenolytic medical ap-
proaches and/or systemic chemotherapies [2]. Both in adjuvant 
setting and in advanced ACC, mitotane is treatment of first choice 
- alone or in combination with cytotoxic drugs [3, 4]. While some 
histological markers [5] and information from molecular profiling 
[6, 7] can provide prognostic information, therapeutic decisions 
often rely on imaging at initial diagnosis or during follow-up.

Positron emission tomography (PET) in combination with com-
puted tomography (CT) is gaining increasing attraction as imaging 
modalities for the clinical care of ACC patients. As in other tumor 
entities, fluorine-18 fluorodeoxyglucose (F-18 FDG) PET/(CT) is 
used for both primary diagnosis as well as for follow-up after sur-
gery or during systemic treatment [8, 9]. By quantifying the met-
abolic activity, PET/CT offers valuable advantages at diagnosis and 
for monitoring of therapy compared to the sole assessment of 
tumor morphology by means of CT or MRI. For differential diagno-
sis, the additional information of PET imaging can help to distin-
guish between benign and malignant adrenal tumors [10, 11]. In 
general, FDG uptake is regarded as having some prognostic value 
as it reflects the proliferative properties of the tumor tissue. For 
ACC, intensity of FDG uptake of the primary tumor appears to be 
related to survival of affected patients [12, 13]. In the context of 
systemic chemotherapy, therapeutic responses might be deter-
mined earlier based on the metabolic activity of the tumor in com-
parison to changes in size or morphology [8, 9].

As ACC patients often receive FDG PET/CT as additional imag-
ing tool in the course of their initial diagnosis and during follow-up 
[2], FDG accumulation of the remaining adrenal gland following 
unilateral adrenalectomy has been documented in earlier studies 
[14, 15] and might lead in less experienced centers to the misdiag-
nosis of another adrenal malignancy. However, the relationship of 
this observation to the clinical course of the individual patient has 
not been studied in detail. In fact, there are several reasons that 
could potentially explain this phenomenon: First, surgical resec-
tion of an endocrine active adrenal tumor will initiate reactivation 
of the hypothalamus-pituitary-adrenal axis and growth of the con-
tralateral adrenal gland. While this compensatory adrenal growth 
has mainly been studied in animal models [16–18], it is likely also 
to occur in humans. Secondly, therapy with the adrenolytic sub-
stance mitotane is known to affect the remaining adrenal gland to 
a similar extent as adrenocortical cancer cells [19] and results in 
adrenal insufficiency [20]. Thereby, mitotante induced cell death 
followed by local inflammation could lead to local FDG accumula-
tion. Thirdly, the contra-lateral adrenal gland can be the target of 

hematological metastatic spread of the initial tumor or the origin 
of a secondary tumor in cases of hereditary syndromes [21]. In 
these cases, FDG uptake would indicate the presence of malignant 
disease, which would likely be of clinical relevance. Finally, also 
healthy organs enrich FDG to a variable extent. As for the adrenal 
gland maximum Standard Uptake Values (SUVmax) vary consider-
ably between 0.95 and 2.46 [22] and between 0.82 and 3.65, re-
spectively [23].

In the current study, we have made use of a cohort of ACC pa-
tients being followed with FDG PET imaging in the course of their 
disease to correlate these data with clinical courses, treatment mo-
dalities and outcome parameters.

Ethical Approval
All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical stand-
ards.

Patients and Methods

Patients
Patients were enrolled at the University Hospitals of Munich and 
Würzburg (Germany) as part of the registry of the European Net-
work for the Study of Adrenal Tumors (ENSAT, www.ensat.org) fol-
lowing written informed consent. The study protocol was approved 
by the ethics committees of the University of Munich and of the 
University of Würzburg, respectively. For the retrospective data 
analysis, inclusion criteria were histologically confirmed diagnosis 
of ACC and the availability of at least one PET/CT following unilat-
eral adrenalectomy. The mitotane group consisted of patients who 
had received mitotane therapy for a period of at least 3 months fol-
lowing surgery while patients were included in the control group 
who had never received mitotane. Basic clinical annotations includ-
ing tumor recurrence and survival as well as mitotane plasma lev-
els (for the mitotane group) were documented and correlated with 
the findings from PET/CTs before and within the first 18 months 
after surgery and/or the start of mitotane treatment.

PET/CT protocols
At the Munich center, PET/CTs were carried out with a “General 
Electric Discovery 690” PET/CT device (GE Healthcare, Pollards 
Wood, United Kingdom) and were performed between 55 and 
75 min after administration of a body weight adapted activity of 
18-FDG. In addition, intravenous contrast agent, 20 mg furosem-
ide and 20 mg butylscopulamine were administered. The patients 
were fasting for at least 4 h at the time of the examination and had 
blood glucose levels between 4 and 7 mmol/l. Attenuation correc-
tion was performed using diagnostic CT. Images were examined 
using the Hermes Hybrid Viewer (Hermes Medical Solutions, Stock-
holm, Sweden).

At the Würzburg center, examinations were carried out with a 
Siemens Biograph mCT 64 PET/CT device (Siemens Medical Solu-
tions, Germany) and performed 60 min after administration of 307 
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Mbq 18-FDG on average. Blood glucose levels were  < 9 mmol/l at 
the time of examination. The anatomical correlation and attenua-
tion correction was performed using a low-dose CT or a diagnostic 
full-dose CT with or without contrast agent. The reconstruction 
and evaluation of the images was carried out with the help of “Sie-
mens E-soft” software.

FDG uptake was quantified using the Standard Uptake Value 
(SUV). In the remaining adrenal gland, tracer uptake was deter-
mined using SUVmax. One or more spherical volumes of interest 
(VOI) in variable sizes  > 1 cm were used as measuring ranges. The 
size was based on the extent of a visible lesion or the adrenal gland, 
respectively. In cases, where the adrenal gland could not be distin-
guished from the background by PET imaging alone, the SUVmax 
was determined in the area corresponding to the morphological 
position of the adrenal gland. Special care was taken not to include 
any physiological accumulations from adjacent organs, for exam-
ple from the liver or kidney, into the measuring area.

In accordance with EANM guidelines [24], for each examination 
the SUVmean of the liver and the mediastinum were determined 
to include physiological uptake. In the liver, a sphere with a diam-
eter of 3 cm was used as VOI to determine the SUVmean. The meas-
uring site was always the right lobe of the liver, in an area with as 
few vessels as possible without metastases or other tumors. In the 
mediastinum, a sphere with a diameter of 2 cm was used as VOI to 
quantize the SUVmean. The measuring site was always the right 
atrium of the heart, in a central area without the involvement of 
cardiac tissue. To allow for inter-individual comparability, from the 
SUVmax of the adrenal gland and the SUVmean of the liver and the 
mediastinal blood pool the respective ratios (SUVmax/SUVmean) 
were calculated.

Statistical evaluation
Descriptive data are provided using absolute and relative frequen-
cy, mean, median and standard deviations, as appropriate. The chi-
squared test was used to compare distribution of nominal scaled 
data. The Mann–Whitney U-test was used to compare non-para-
metric data between patients or patient groups, while the Wilcox-
on sign-rank test was utilized to compare non-parametric data in 
connected samples. Survival curves were determined by Kaplan–
Meier analysis and compared by log-rank test. Cox regression anal-
ysis was used to estimate the hazard ratios. Statistical significance 
was set as a p-value  < 0.05 using the SPSS Software Version 24 
(SPSS, Inc., Chicago, IL, USA).

Results

Patient cohorts
From a total of 82 included patients, 66 were enrolled into the mi-
totane group and 16 in the control group, respectively. Overall, pa-
tients were aged between 27 and 87 years. All tumor stages (ENSAT 
I-IV [25]) were present with stage I in 8 patients (9.8 %), stage II in 
45 patients (54.9 %), stage III in 15 patients (18.3 %), and stage IV 
in 11 patients (13.4 %) while remaining three patients (3.7 %) had 
an unknown stage at diagnosis. A total of 291 PET/CT data sets 
were examined with a median of 4 examinations per patients dur-
ing the observation period of a median of 10 months. In 14 patients 

(5 in the mitotane group and 9 in the control group), only 1 PET/
CT data set was available, so that these were excluded from further 
analysis of uptake progressions. A summary of patient character-
istics is provided in ▶Table 1.

Median duration of follow-up was 10.3 months, which was sim-
ilar in the mitotane-group (10.5 months) and in the control-group 
(9.2 months, p = 0.512). During this interval, 27 (48.2 %) of 55 R0 
resected patients experienced disease recurrence with 23 (28.0 %) 
in the mitotane-group and 4 (30.8 %) in the control-group 
(p = 0.340). Moreover, during this time, 8 (9.8 %) of the overall co-
hort of 82 patients died with 6 (9.1 %) in the mitotane-group and 
2 (12.5 %) in the control group (p = 0.247).

FDG uptake in the liver and mediastinum
Considering the uptake of the liver, there were significant differ-
ences in the mean values between the two groups, which con-
cerned the time points of 3 months [mitotane group vs. control, 
2.92 (2.18–3.88) vs. 2.17 (1.67–2.48), p < 0.01], 6 months [2.97 
(1.42–4.30) vs. 2.28 (1.71–2.90), p < 0.001], and 9 months [3.17 
(2.00–4.24) vs. 2.60 (2.01–3.06), p < 0.01] (▶Fig. 1a) after surgery, 
respectively. While it is plausible, that mitotane treatment might 
have contributed to the observed increase in hepatic SUV, no cor-
relation with mitotane plasma levels were evident (3 months: 
r = 0.281, p = 0.148; 6 months: r = 0.071, p = 0.661; 9 months 
r =  − 0.142, p = 0.409) (▶Supplemental Fig. 1S) In contrast, for the 
mediastinum, no significant difference in SUV was detectable be-
tween the two groups at 3 months [mitotane group vs. control, 
1.86 (1.37–2.91), vs. 1.57 (1.02–1.93), p = 0.105], 6 months [1.72 
(0.42–2.88) vs. 1.49 (1.23–2.11), p = 0.244], and 9 months [1.82 
(1.06–2.59) vs. 1.78 (1.43–2.39), p = 0.744] (▶Fig. 1b), respec-
tively. In consideration of the less variable mediastinal FDG uptake, 
this value was further utilized for normalization of the SUVmax of 
the adrenal gland by calculation of the ratio SUV adrenal gland/SUV 
mediastinum.

Adrenal FDG uptake
In a subgroup of patients, FDG-PET was performed also prior sur-
gery. In these patients, uptake in the adrenal gland contralateral to 
the ACC before surgery was not different between the two groups 
[mitotane group (n = 9), 1.36 (0.56–1.68) vs. control group (n = 2), 
1.72 (1.02–2.42), p = 0.727]. During the course of their disease, 
overall 55/68 patients (81 %) displayed a temporary increase in ad-
renal FDG uptake, which was defined as an increase of 0.5 above 
the lowest of all individual values. More specifically, this observa-
tion tended to be more prevalent in the mitotane group with 51/61 
patients (84 %) in comparison to the control group (4/7, 57 %), al-
though this difference was not found to be statistically significant 
(p = 0.288). In 58 % of the patients, adrenal FDG uptake returned to 
baseline values within 18 months after surgery, while in the remain-
ing patients, adrenal FDG uptake decreased without reaching base-
line values (24 %) or did not decrease within the observation peri-
od of 18 months (18 %).

As summarized in ▶Fig. 1c, the mean values of adrenal uptake 
between the patients receiving mitotane were not significant dif-
ferent from those of the control group at any time point. In most 
instances [42/61 patients (69 %)], the peak in adrenal uptakes was 
found in the time interval between 3 and 6 months after the start 
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of mitotane therapy. In relation to surgery, this occurred in 28/47 
patients (60 %) of the mitotane group and 3/7 (43 %) patients of the 
control group (p = 0.404). The highest maximum value occurred in 
both groups 6 months after surgery.

Temporary increase and peak adrenal uptakes were determined 
in all patients who had received more than one PET/CT (mitotane 
group 61/66 (92 %); control group 7/16 (44 %)). In the mitotane 
group, 29 of 57 patients (51 %) had at least one higher value in  
the first 18 months of therapy than the highest measured value before 
surgery. In the control group, this was true in 4 out of 16 patients 
(27 %, p = 0.094). In the mitotane group, however, significantly 
higher values were observed 3 months [2.14 (0.65–6.04), p = 0.002] 
and 6 months [2.39 (1.02–7.23), p = 0.018] after the start of mito-
tane treatment in comparison to baseline [1.26 (0.56–1.68)]. These 
differences were not significant in the control group {3 months 
[1.61 (1.24–2.01), p = 0.317] and 6 months [2.03 (1.40–3.21), 
p = n.d.] vs. baseline [1.72 (1.02–2.42)]}. When comparing the 
mean values of mitotane plasma levels and adrenal uptake, there 
was no indication of any dependence of the increased uptake on 
the level of plasma mitotane levels (r =  − 0.028, p = 0.683).

None of the 291 PET/CTs examined provided indication of tumor 
development in the remaining adrenal gland. Specifically, in no case 
suspicious increases in adrenal FDG uptake were associated with 
morphological correlates in the CT scan of the current or follow-up 
examinations.

Correlation of adrenal FDG uptake with survival in 
patients treated with mitotane
To assess, whether adrenal FDG uptake in patients treated with mi-
totane might have a prognostic impact, different measures were 
investigated: Peak as well as mean values of normalized adrenal  
SUVmax were used to group patients in those with high uptake 
(above the median uptake) and low uptake (below or equal the  
median uptake). Similarly, the area under the curve of normalized 
adrenal SUVmax was calculated and patients were grouped in those 
with high and low uptake. For those analyses, patients were further 
grouped in those following R0 and non-R0 resection.

Overall, in comparison patients with R0 vs. non-R0 resection 
status, there were no differences in postoperative FDG uptake at 
any time point. Based on peak normalized adrenal SUVmax values, 
patients following R0 resection (n = 37) tended to have longer re-
currence free survival (HR 1.41; CI 0.42–4.75; p = 0.059) when FDG 
uptake was above the median, while overall survival was not differ-
ent (HR 1.62; CI 0.15–17.15; p = 0.770). Non-R0 resected patients 
(n = 23) had similar progression free (HR 2.27; CI 0.26–19.67; 
p = 0.232) and overall survival (HR 0.00; CI 0.00–3.698E + 149; 
p = 0.124) independent of adrenal FDG uptake (▶Fig. 2). Similar 
tendencies were found for overall survival, where higher adrenal 
FDG uptake tended to be associated with better outcome (data not 
shown). In all cases, however, no significant differences were evi-
dent.

Discussion
FDG-PET imaging has become a corner stone in the follow-up of 
ACC patients and often provides the basis of treatment decisions. 
Herein, we provide a comprehensive description of FDG uptake in 

▶Table 1 	 Characteristics of patient cohorts.

Characteristics Mitotane 
group

Control 
group

p-Value

Age (years)

Median (range) 56 (27–81) 53 (30–87) 0.847

Sex - no. ( %)

male 28 (42.4) 8 (50)

female 38 (57.6) 8 (50) 0.584

Tumor stage - no. 
( %)

I 6 (9.1) 2 (12.5)

II 35 (53.0) 10 (62.5)

III 13 (19.7) 2 (12.5)

IV 10 (15.2) 1 (6.3)

uncategorized 2 (3) 1 (6.3) 0.763

Resection status ( %)

R0 42 (63.6) 13 (81.3)

non-R0 24 (36.4) 3 (18.8) 0.179

Polychemotherapy 
- no. ( %)

nono 31 (47.0) 15 (93.8)

yes 35 (53.0) 1 (6.2) 0.001

Blood mitotane level

No. of analyzed 
samples

208 0

Median (range) - mg/l 13.1 
(0–42.2)

n.d.

No. of PET/CTs

Total 254 37

Median per patient 
(range)

4 (1–7) 1.5 (1–6)

Progression free 
survival non-R0†- d

Median (range) 188 
(30–2 937)

 −  *  
(72–1 091)

Recurrence free 
survival R0†- d

Median (range) 396 
(20–2 898)

 −  *  
(81–2 370)

Overall survival 
non-R0†- d

Median (range)  −  *  
(238–3 529)

105 
(102–1 091)

Overall survival 
R0†- d

Median (range) 2 378 
(201–3 805)

 −  *  
(234–2 370)

 *  < 50 % events in observation period; † n (R0 Patients  > 1 PET/CT): 
mitotane group 42, control group 13; n (non-R0 patients  > 1 PET/
CT): mitotane group 24, control group 3; n.d., not determined.
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ACC patients following initial surgery in relation to mitotane ther-
apy and clinical outcome. The current investigation provides more 
detailed results on the FDG uptake of the remaining adrenal in ACC 
patients than any previous studies. However, the detection of FDG 
uptake in the remaining adrenal gland in a patient following adre-
nal surgery seems to be a common finding that should not alarm 
affected patients and their physicians and seem not to require 
changes in the follow-up algorithm.

According to our current findings, increased uptake values of 
the adrenal are neither an obligatory finding following surgery nor 
during mitotane therapy. However, a large proportion of patients 
are characterized by a temporarily increase in adrenal uptake. Pa-
tients from both the mitotane and control group were affected to 
varying degrees by this phenomenon. A common factor for both 
groups that could impact adrenal FDG uptake is unilateral adrenal-
ectomy. Reactive changes in contralateral adrenal gland were pre-
viously described in animal models and concerned only the mor-

▶Fig. 1	 Time course of FDG uptake in the liver a, mediastinum b, and normalized adrenal SUVmax (SUV adrenal gland/SUV mediastinum) c in 
patients during mitotane treatment and control patients.
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phology, but not the signaling behavior in PET [17]. Compensatory 
adrenal growth response following unilateral adrenalectomy is 
tightly controlled by both humoral and neuronal factors that are 
dependent upon a neural reflex arc with afferent nerve connections 
from one adrenal gland to the hypothalamus and an efferent limb 
back to the other adrenal [26]. In addition, there is indication in the 
literature that post-secretory cleavage of the N-terminus of POMC 
is also required for the proper initiation of compensatory growth 

[18]. Autonomous secretion of glucocorticoids by an adrenal tumor 
results in suppression of the HPA axis and atrophy of the contralat-
eral adrenal cortex. Following resection of this tumor, ACTH secre-
tion resumes inducing a growth signal on the remaining adrenal 
gland. However, depending on the duration and extent of gluco-
corticoid excess, normalization of secondary/tertiary adrenal in-
sufficiency can vary widely [27]. It is therefore possible, that those 
variables have precluded to find a consistent pattern in FDG uptake 

▶Fig. 2	 Survival of mitotane treated patients in relation to peak normalized adrenal SUVmax related survival. Recurrence free survival of R0 resect-
ed patients (HR 1.41; CI 0.42–4.75; p = 0.059. a Progression free survival of non-R0 resected patients (HR 2.27; CI 0.26–19.67; p = 0.097. b Overall 
survival in R0 resected patients (HR 1.62; CI 0.15–17.15; p = 0.770. c Overall survival of non R0 resected patients (HR 0.00; CI 0.00–3.698E + 149; 
p = 0.124. d Continuous line, high uptake  > median uptake vs. dotted line, low uptake  ≤ median uptake.
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in our control group and it might be worthwhile to implement a 
larger number of patients that would allow to investigate sub-
groups with early and late normalization of adrenal insufficiency.

Within the current dataset, we fail to demonstrate significant 
differences regarding the clinical outcome based on the FDG up-
take in the remaining adrenal gland in patients during mitotane 
therapy. However, it is interesting to note, that by trend the patient 
group with the higher median uptake has a better recurrence free 
and overall survival. As maximum FDG uptake in comparison to 
baseline was more prominent in the mitotane treated group of pa-
tients, the adrenal destructing properties of mitotane are likely to 
contribute to this phenomenon. Our initial hypothesis, that the re-
maining adrenal could be used as a “sentinel” tissue to quantify mi-
totane-induced action on adrenocortical cancer cells cannot clear-
ly be supported on the basis of the current data set. Reasons for 
this outcome – in addition to a false hypothesis – can be a patient 
group that is too small or too diverse to allow for the detection of 
significant differences. A further weakness of the current dataset 
concerns the retrospective study design and inclusion of patients 
from two different study sites.

Our study further suggests that the FDG uptake of the liver in 
the case of mitotane therapy is higher than in patients without mi-
totane therapy. It could be speculated, that this difference reflects 
hepatic metabolic processes induced by mitotane. Indeed, increase 
in cholestasis parameters is commonly observed in patients treat-
ed by mitotane. We could not ascertain a significant correlation be-
tween mitotane plasma levels and the extent of FDG uptake in the 
liver. However, considering the long half-live and complex pharma-
codynamics properties of mitotane, effects on the hepatocytes that 
could affect FDG uptake might not be reflected by plasma levels at 
the same time point. Independent of its cause, the liver SUVmean 
does not appear as the most suitable parameter for calculating an 
adrenal uptake ratio. The extent of this influence on the interpre-
tation of SUV values cannot be determined from this study. How-
ever, since a certain effect seems to exist, it should be considered 
in the interpretation of adrenal uptake in patients under mitotane 
therapy.

In summary, FDG uptake in the contralateral adrenal gland in 
patients who had undergone surgery for ACC is a common finding 
that is more distinct in the context of mitotane treatment. While 
there is only a tendency to an association with better clinical out-
come, this phenomenon is unlikely to reflect the presence of ma-
lignant disease.

Funding Information
This study was supported by the Deutsche Forschungsgemein-
schaft within the CRC/Transregio 205/1 (“The Adrenal: Central 
Relay in Health and Disease) to FB, MF, SH, and MR.

Acknowledgements
We are grateful to all patients who participated in this research and 
to Leonie Winkler and Miriam Rottmann for excellent technical as-
sistance. The paper contains a part of the results of the thesis from 
Ruben Loewe.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1]	 Else T, Kim AC, Sabolch A et al. Adrenocortical carcinoma. Endocr Rev 
2014; 35: 282–326

[2]	 Fassnacht M, Dekkers OM, Else T et al. European Society of Endocrinol-
ogy Clinical Practice Guidelines on the management of adrenocortical 
carcinoma in adults, in collaboration with the European Network for 
the Study of Adrenal Tumors. Eur J Endocrinol 2018; 179: G1–G46

[3]	 Terzolo M, Angeli A, Fassnacht M et al. Adjuvant mitotane treatment 
for adrenocortical carcinoma. N Engl J Med 2007; 356: 2372–2380

[4]	 Fassnacht M, Terzolo M, Allolio B et al. Combination chemotherapy in 
advanced adrenocortical carcinoma. N Engl J Med 2012; 366: 
2189–2197

[5]	 Beuschlein F, Weigel J, Saeger W et al. Major prognostic role of Ki67 in 
localized adrenocortical carcinoma after complete resection. J Clin 
Endocrinol Metab 2015; 100: 841–849

[6]	 Assie G, Letouze E, Fassnacht M et al. Integrated genomic characteriza-
tion of adrenocortical carcinoma. Nat Genet 2014; 46: 607–612

[7]	 Zheng S, Cherniack AD, Dewal N et al. Comprehensive pan-genomic 
characterization of adrenocortical carcinoma. Cancer Cell 2016; 30: 
363

[8]	 Deandreis D, Leboulleux S, Caramella C et al. FDG PET in the 
management of patients with adrenal masses and adrenocortical 
carcinoma. Horm Cancer 2011; 2: 354–362

[9]	 Takeuchi S, Balachandran A, Habra MA et al. Impact of (1)(8)F-FDG 
PET/CT on the management of adrenocortical carcinoma: Analysis of 
106 patients. Eur J Nucl Med Mol Imaging 2014; 41: 2066–2073

[10]	 Maurea S, Mainolfi C, Bazzicalupo L et al. Imaging of adrenal tumors 
using FDG PET: Comparison of benign and malignant lesions. AJR Am J 
Roentgenol 1999; 173: 25–29

[11]	 Yun M, Kim W, Alnafisi N et al. 18F-FDG PET in characterizing adrenal 
lesions detected on CT or MRI. J Nucl Med 2001; 42: 1795–1799

[12]	 Leboulleux S, Dromain C, Bonniaud G et al. Diagnostic and prognostic 
value of 18-fluorodeoxyglucose positron emission tomography in 
adrenocortical carcinoma: A prospective comparison with computed 
tomography. J Clin Endocrinol Metab 2006; 91: 920–925

[13]	 Cistaro A, Niccoli Asabella A et al. Diagnostic and prognostic value of 
18F-FDG PET/CT in comparison with morphological imaging in 
primary adrenal gland malignancies - a multicenter experience. 
Hellenic. J Nucl Med 2015; 18: 97–102

[14]	 Leboulleux S, Deandreis D, Escourrou C et al. Fluorodesoxyglucose 
uptake in the remaining adrenal glands during the follow-up of 
patients with adrenocortical carcinoma: Do not consider it as 
malignancy. Eur J Endocrinol 2011; 164: 89–94

[15]	 Mpanaka I, Lyra VD, Kaltsas G et al. High (18)F-FDG uptake by the 
remaining adrenal gland four months after surgery and initiation of 
mitotane treatment in two patients with adrenocortical carcinoma. 
Hellenic. J Nucl Med 2011; 14: 168–172

[16]	 Engeland WC, Ennen WB, Elayaperumal A et al. Zone-specific cell 
proliferation during compensatory adrenal growth in rats. Am J Physiol 
Endocrinol Metab 2005; 288: E298–E306

[17]	 Beuschlein F, Mutch C, Bavers DL et al. Steroidogenic factor-1 is 
essential for compensatory adrenal growth following unilateral 
adrenalectomy. Endocrinology 2002; 143: 3122–3135

30

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Loewe R et al. FDG Uptake Following ACC Surgery …  Horm Metab Res 2021; 53: 24–31 | © 2020. Thieme. All rights reserved.

[18]	 Bicknell AB, Lomthaisong K, Woods RJ et al. Characterization of a 
serine protease that cleaves pro-gamma-melanotropin at the adrenal 
to stimulate growth. Cell 2001; 105: 903–912

[19]	 Waszut U, Szyszka P, Dworakowska D. Understanding mitotane mode 
of action. J Physiol Pharmacol 2017; 68: 13–26

[20]	 Paragliola RM, Torino F, Papi G et al. Role of mitotane in adrenocortical 
carcinoma - review and state of the art. Eur Endocrinol 2018; 14: 
62–66

[21]	 Else T. Association of adrenocortical carcinoma with familial cancer 
susceptibility syndromes. Mol Cell Endocrinol 2012; 351: 66–70

[22]	 Bagheri B, Maurer AH, Cone L et al. Characterization of the normal 
adrenal gland with 18F-FDG PET/CT. J Nucl Med 2004; 45: 1340–1343

[23]	 Wang Y, Chiu E, Rosenberg J et al. Standardized uptake value atlas: 
Characterization of physiological 2-deoxy-2-[18F]fluoro-D-glucose 
uptake in normal tissues. Mol Imag Biol 2007; 9: 83–90

[24]	 Boellaard R, Delgado-Bolton R, Oyen WJ et al. FDG PET/CT: EANM 
procedure guidelines for tumour imaging: version 2.0. Eur J Nucl Med 
Mol Imag 2015; 42: 328–354

[25]	 Fassnacht M, Johanssen S, Quinkler M et al. Limited prognostic value of 
the 2004 International Union Against Cancer staging classification for 
adrenocortical carcinoma: proposal for a Revised TNM Classification. 
Cancer 2009; 115: 243–250

[26]	 Kleitman N, Holzwarth MA. Compensatory adrenal cortical growth is 
inhibited by sympathectomy. Am J Physiol 1985; 248: E261–E263

[27]	 Di Dalmazi G, Berr CM, Fassnacht M et al. Adrenal function after 
adrenalectomy for subclinical hypercortisolism and Cushing’s 
syndrome: A systematic review of the literature. J Clin Endocrinol 
Metab 2014; 99: 2637–2645

31

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.




