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Ralph A. Bundschuh7 • Constantin Lapa1

                                                                  
                                         

Abstract As an orphan malignancy, only limited treatment

options are available in adrenocortical carcinoma (ACC).

Non-invasive risk assessment has not been described but

may be of value to stratify patients for treatment. We aimed

to evaluate the potential value of intra-individual tumor

heterogeneity as assessed by 18F-fluorodeoxyglucose (18F-

FDG) positron emission tomography/computed tomogra-

phy (PET/CT) for outcome prediction in treatment-naı̈ve

ACC patients. Ten patients with primary diagnosis of ACC

were included in this study. Prior to any treatment initia-

tion, baseline 18F-FDG PET scans were performed. Tumor

staging was performed using the European Network for the

Study of Adrenal Tumors (ENS@T). Intratumoral hetero-

geneity of the primary tumor was assessed by manual

segmentation using conventional PET parameters

(standardized uptake values and tumor-to-liver ratios) and

textural features. The impact of tumoral heterogeneity

based on pre-therapeutic 18F-FDG PET to predict pro-

gression-free (PFS) and overall survival (OS) was evalu-

ated by receiver operating characteristic analysis. On

average, tumor recurrence or progression was detected

after median of 561 days (range 71–1434 days) after the

pre-therapeutic baseline PET scan. 50 % of the patients

died of ACC within the follow-up period (mean

983 ± 404 days). Pre-therapeutic tumor volume was

associated with PFS (r = -0.67, p = 0.05) and Ki67 index

with OS (r = -0.66, p = 0.04). ENS@T tumor stage was

the only parameter to correlate with both PFS and OS

(r = -0.82, p = 0.001, and r = -0.72, p = 0.01,

respectively). In the subgroup of patients without distant

metastases (ENS@T stages II and III), age and pre-thera-

peutic tumor volume correlated significantly with PFS

(r = 0.96, p = 0.01 and r = -0.93, p = 0.02, respec-

tively) and OS (r = 0.95, p = 0.02 and r = -0.90,

p = 0.04, respectively). None of the investigated classic or

textural PET parameters predicted PFS or OS. In this pilot

study in treatment-naı̈ve ACC patients, conventional 18F-

FDG PET-derived parameters and textural tumor hetero-

geneity features were not suitable to identify high-risk

patients.

Keywords ACC � Tumor heterogeneity � FDG PET �
Textural features

Introduction

Adrenocortical cancer (ACC) is a rare, but highly aggres-

sive tumor entity occurring at any age with a dismal

prognosis [1–4]. Open adrenalectomy remains the gold
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standard in local, non-metastatic cases [5]. In those

undergoing complete resection, there is a high risk of

recurrence up to 80 % [6].

Mitotane (1,1-dichloro-2(o-chlorophenyl)-2-(p-chlor-

ophenyl)ethane; o,p’-DDD), an adrenolytic compound with

specific adrenocortical activity [7], is used as a

monotherapy both in an adjuvant setting and in metastatic

disease [8, 9]. However, objective tumor response to

mitotane alone is observed in only 20 % of patients with

advanced disease [10] and hence, more intensive treatment

is often required. Cytotoxic chemotherapy of combined

etoposide, doxorubicin, cisplatin, and mitotane (EDP-M)

has been shown to result in longer progression-free survival

(PFS) compared to streptozotocin in a phase III clinical

trial [11, 12]. Therefore, EDP-M is now recommended as

first-line chemotherapy after mitotane failure [5]. Second-

line treatment options have been studied in phase II clinical

trials only which include the combination of gemcitabine

and capecitabine [13]. Identification of patients with

aggressive tumors entailing a high risk of recurrence and

rapid tumor progression would be of great value to stratify

for more intensive treatment.
18F-fluorodeoxyglucose (FDG) positron emission/com-

puted tomography (PET/CT) is widely used in the diag-

nostic work-up of adrenal masses and it has proven its

value in ACC staging [14–18]. However, conventional PET

parameters like standardized uptake values (SUV) have

failed to provide prognostic information [14, 19, 20].

Tumor heterogeneity may be considered to be a relevant

predictor of prognosis and treatment response for several

reasons. First, heterogeneity may be associated with vari-

able degrees of tumor differentiation and reflect more

aggressive biology. Second, glucose uptake in ACC may

vary depending on the expression of glucose transporters

such as GLUT1/GLUT3 [21].

This suggests a demand for novel strategies to assess

outcome prediction beyond simple FDG uptake values.

Recently, PET-based assessment of tumor heterogeneity

(so-called textural features) has been demonstrated as a

reliable tool for risk stratification in thyroid and rectum

cancer [22, 23]. In the present study, we aimed to elucidate

the potential of tumor heterogeneity determined by 18FDG

PET/CT of the primary tumor in treatment-naı̈ve ACC

patients to predict prognosis.

Materials and methods

Patients

Ten consecutive treatment-naı̈ve patients (2 females, 8

males; mean age 50 ± 14 years, median 51 years, range

17–67 years) with newly diagnosed ACC or adrenal lesions

suspicious for ACC were enrolled. 18F-FDG PET/CT was

performed for staging prior to treatment initiation. Only

patients with primary diagnosis of ACC prior to initiation

of any therapeutic procedure were eligible for this study.

All patients gave written and informed consent to the

diagnostic and therapeutic procedures. The European

Network for the Study of Adrenal Tumors (ENS@T)

staging system was applied [24]. For this observational

cohort study, data were retrieved from the German ACC

Registry and ENS@T Registry (www.ensat.org/registry)

which were approved by the local ethics committee (Ap-

proval No. 86/03, 88/11).

Clinical parameters including age at primary diagnosis,

pre-therapeutic tumor volume, mean tumor size of resected

tumor, hormonal activity of the tumors (plasma and urine

metanephrines), and proliferation index (Ki67)were recorded.

All patients were followed up clinically and by imaging

(Fig. 1). Progression-free survival (PFS) was defined in

accordance to Response Evaluation Criteria in Solid

Tumors (RECIST) by serial radiological assessment start-

ing from the time point of baseline imaging [25]. For

overall survival (OS), the time interval between baseline

PET and the date of death was calculated.

Table 1 Overview of selected textural parameters

Parameter Order Description

Coefficient of

variation, COV

1st A normalized measure of dispersion of a frequency distribution.

Skewness 1st A measure for the extent to which a frequency distribution ‘‘leans’’ to side of the mean value of the distribution.

Contrast 2nd Measures the difference of the gray value from voxel to the next voxel. It increases in case of intensity changes

between voxels.

Homogeneity 2nd A measure for continuous areas of same or similar voxel values in an image or voxel of interest.

Entropy 2nd Measures grade of derangement, e.g., a homogenous matrix demonstrates low entropy.

Short zone emphasis,

SZE

3rd Measures the distribution of short zones. It is highly dependent on occurrence of small zones and is expected to

be large for fine textures.

Size zone variability,

SZV

3rd Describes the variation in the size of different substructures in an image (VOI): in case of all subareas of

different intensities are 1 voxel size, the size zone variability is low.
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Imaging: 18F-FDG PET/CT

Integrated PET/CT using a Biograph mCT 64 PET/CT

scanner (Siemens, Knoxville, USA) consisting of a Lute-

tium oxyorthosilicate full-ring PET and a 64-slice spiral

CT was performed in all patients. 18F-FDG

(339 ± 33 MBq) was injected intravenously at a glucose

level of 80 ± 10 mg/dl. After a waiting time of

63 ± 4 min, transmission data using spiral CT with

(80 mAs, 120 kV, a 512 9 512 matrix, 5-mm slice thick-

ness, n = 7) or without (40 mAs, 120 kV, a 512 9 512

matrix, 5 mm slice thickness) contrast enhancement

(n = 3, due to renal impairment) including the base of the

skull to the proximal thighs were conducted. Consecu-

tively, PET emission data were acquired in three-dimen-

sional mode with a 200 9 200 matrix. After decay and

scatter correction, PET data were reconstructed iteratively

with attenuation correction, using the algorithm imple-

mented by the manufacturer.

Image and data analysis

Imaging data were analyzed using an Interview Fusion

Workstation (Mediso Medical Imaging Systems Ltd.,

Budapest, Hungary). The primary tumor was manually

segmented using combined PET/CT data side-by-side

(Fig. 1). Apart from conventional PET parameters, several

different textural parameters were evaluated for assessment

of textural heterogeneity which were classified as first-

order parameters [e.g., coefficient of variation (COV) and

skewness], second-order parameters (entropy, homogene-

ity, correlation, and contrast) and higher order parameters

(e.g., size zone variability, intensity variability, short zone

emphasis, long zone emphasis, and low gray-level zone

Fig. 1 18F-fluorodeoxyglucose (18F-FDG) positron emission tomog-

raphy/computed tomography (PET/CT) of a 52-year-old male patient

suffering from ACC (patient #4). The primary tumor can be detected

on CT (a) and on 18F-FDG PET/CT (b) indicated by the arrows.

Manual stepwise segmentation of the primary (arrow) by a region of

interest on the PET-only images was performed (c). An overview of

investigated heterogeneity parameters can be found in [26], Tables 1

and 3
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emphasis). A detailed description of selected textural

parameters can be found in [26] and Table 1. Conventional

diagnostic parameters were also evaluated, such as maxi-

mum standardized uptake values (SUVmax), peak SUV

(SUVpeak), and mean liver uptake (LIVERmean). Semi-

quantitative analysis for derivation of those PET parame-

ters was performed by selecting the axial PET image slice

displaying the maximum primary tumor uptake by drawing

a 3D volume of interest (VOI) around the whole tumor

area. Tumor regions of interest (ROIs) were defined in two

ways. First, a standardized 15-mm circular region was

placed over the area with the peak activity. This first ROI

was used to derive maximum (SUVmax) and mean stan-

dardized uptake values (SUVpeak). A reference region was

defined by drawing a ROI (diameter of 50 mm) involving

normal liver parenchyma (LIVERmean) to derive tumor-to-

liver ratios. Tumor-to-liver ratios for SUVmax and SUVpeak

were calculated. The radiotracer concentration in the ROIs

was normalized to the injected dose per kilogram of

patient’s body weight to derive the SUVs.

Statistical analysis

Statistical analysis was performed using SPSS Statistics 22

as previously described [22]. Clinical and imaging

parameters were correlated with OS and PFS using Pearson

correlation analysis. A two-sided t test was used to test

whether the correlation was statistically significant within a

95 % confidence level. The cutoff values of each parameter

for the prediction of PFS and OS were determined by

means of receiver operating characteristic (ROC) analysis.

Therefore, the Youden index was used to maximize the

sum of sensitivity and specificity [27]. For AUCs, exact

binominal confidence intervals were calculated (95 %

confidence level), indicating the statistical significance of

predictive capability if the critical value of 0.5 is not

included. Kaplan–Meier analysis was performed using

thresholds established before by ROC analysis. Non-para-

metric log-rank tests were used to assess the differences in

the Kaplan–Meier curves and differences with a

p value\ 0.05 were considered significant.

Analysis was primarily performed for the whole group. In a

second step, patients were divided into two subgroups com-

prising patients (a)without (ENS@T stages II and III; group 1)

and (b) with distant metastases (ENS@T stage IV; group 2).

Results

Patients

ACC was histologically confirmed in all patients by tumor

biopsy or surgery. Two patients were classified as ENS@T

stage II, three as ENS@T stage III, and five as ENS@T

stage IV. Sites of metastases included bone and liver in

three patients each, lung in two, and distant abdominal

lymph nodes in one patient.

7/10 (70 %) patients presented with hormonally active

disease. Six patients underwent surgery with a complete

resection in five patients. Resected tumors had a mean size

of 16.2 ± 7.2 cm (median 14.5 cm, range 5.5–25 cm).

Proliferation index Ki67 ranged from 2 to 50 % (median

20 %).

6/10 (60 %) patients underwent tumor surgery which

constituted the only therapy in patient #5. For systemic

treatment, 2/10 (20 %) subjects received mitotane alone

which was followed by radiation therapy. 5/10 (50 %)

patients were treated with EDP-M. The remaining two

patients received chemotherapy with vincristine/doxoru-

bicin and carboplatin/etoposide followed by mitotane con-

solidation. 5/10 (50 %) were treated in a palliative setting.

Within follow-up (2834 days), 7/10 (70 %) suffered

from progressive disease with a PFS of 736 ± 551 days

(range 71–1434 days, median 561 days). The remaining

3/10 (30 %) patients (patients #3, #5, #7) could be classi-

fied as stable disease. 5/10 (50 %) patients (patients #1, #4,

#6, #8, #10) died from their cancer (983 ± 404 days, range

378–1434 days, median 1080 days) with 4/5 initially suf-

fering from ENS@T stage IV disease.

Patientś characteristics can be found in Table 2.

PET imaging

18F-FDG PET scans were positive in all subjects. The

SUVmax of the primary tumor was 20.8 ± 13.8 (median

15.7, range 10.8–46.6); the SUVpeak was 13.6 ± 7.6 (me-

dian 10.5, range 7.5–28.0) with a LIVERmean of 2.1 ± 0.3

(median 2.2, range 1.53–2.41). Tumor-to liver ratios were

10.3 ± 7.4 (median 7.6, range 4.9–26.8, for SUVmax) and

6.7 ± 4.1 (median 5.3, range 3.8–16.1, for SUVpeak),

respectively.

Correlation of clinical, textural, and PET

parameters with PFS (whole cohort)

Pre-therapeutic primary tumor volume and ENS@T stage

correlated with disease-free survival (tumor volume,

r = -0.67, p = 0.05; ENS@T, r = -0.82, p = 0.001).

None of the other investigated clinical, textural, or PET

parameters revealed potential to predict PFS.

Correlation of clinical, textural, and PET

parameters with OS (whole cohort)

ENS@T stage and Ki67 were the only parameters to sig-

nificantly correlate with OS (r = -0.72, p = 0.01 and
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Table 3 Overview of selected investigated parameters and corresponding r and p values for the whole cohort and ENS@T group I (stages II, III)

Parameter Progression-free survival Overall survival

r value p value r value p value

Clinical parameters, conventional PET parameters, and PET-derived textural features were correlated with PFS and OS for the whole cohort

Clinical parameters

Age 0.02 0.9 -0.2 0.6

Ki67 (%) -0.49 0.2 -0.66 0.04*

Hormonal activity 0.02 0.95 -0.18 0.6

Conventional parameters

SUVmax -0.41 0.3 -0.46 0.2

SUVpeak -0.48 0.2 -0.51 0.1

Tmax to liver -0.46 0.2 -0.47 0.2

Tpeak to liver -0.53 0.1 -0.51 0.1

Pre-therapeutic tumor volume -0.67 0.05* -0.43 0.2

Textural features

ENS@T -0.82 0.001* -0.72 0.01*

COV -0.29 0.4 -0.2 0.5

Skewness 0.02 0.9 -0.01 0.9

Contrast -0.44 0.2 -0.44 0.2

Homogeneity 0.05 0.9 0.19 0.6

Entropy -0.58 0.9 -0.43 0.2

SZE 0.03 0.9 -0.16 0.7

SZV 0.33 0.4 0.34 0.3

Clinical parameters, conventional PET parameters, and PET-derived textural features were correlated with PFS and OS for ENS@T group I

(stages II, III)

Clinical parameters

Age 0.96 0.01* 0.95 0.02*

Ki67 (%) 0.38 0.5 0.2 0.7

Hormonal activity -0.41 0.5 -0.45 0.4

Conventional parameters

SUVmax 0.56 0.3 0.56 0.3

SUVpeak 0.26 0.7 0.16 0.8

Tmax to liver -0.11 0.9 -0.04 0.9

Tpeak to liver -0.65 0.2 -0.67 0.2

Pre-therapeutic tumor volume -0.93 0.02* -0.90 0.04*

Textural features

COV 0.13 0.8 -0.0025 0.9

Skewness 0.18 0.8 0.01 0.9

Contrast -0.04 0.9 -0.14 0.8

Homogeneity -0.36 0.5 -0.48 0.4

Entropy -0.5 0.4 -0.45 0.4

SZE 0.56 0.3 0.67 0.2

SZV -0.8 0.8 -0.14 0.8

Correlation of clinical parameters (age, Ki67, hormonal activity, ENS@T), conventional positron emission tomography (PET) parameters

(SUVmax, SUVpeak, Tmax to liver, Tpeak to liver) and PET-based heterogeneity parameters [COV, skewness, contrast, homogeneity, entropy, short

zone emphasis (SZE), size zone variability (SZV)] with progression-free and overall survival (for whole cohort and ENS@T group I)

PFS progression-free survival, OS overall survival, ENS@T European Network for the Study of Adrenal Tumors, SUV standardized uptake value,

Tmax to liver tumor-to-liver ratios for SUVmax, Tpeak to liver tumor-to-liver ratios for SUVpeak, COV coefficient of Variation, SZE short zone

emphasis, SZV size zone variability

* Reached statistical significance
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r = -0.66, p = 0.04, respectively). All other clinical or

imaging-derived features failed to reach statistical

significance.

Correlation of clinical, textural, and PET

parameters with PFS/OS according to ENS@T stage

According to ENS@T stage, patients were sub-divided in

two groups: Group I comprised ENS@T II and III patients

(5/10 (50 %)), whereas group II consisted of subjects with

distant metastases (ENS@T IV, 5/10 (50 %)).

For group I, age and pre-therapeutic tumor volume

correlated significantly with PFS (r = 0.96, p = 0.01 and

r = -0.93, p = 0.02, respectively) and OS (r = 0.95,

p = 0.02 and r = -0.90, p = 0.04, respectively).

For group II, no significant correlation could be

demonstrated.

An overview of selected investigated parameters and

corresponding r and p values for the whole cohort and for

ENS@T group I is given in Table 3.

Discussion

In this pilot study comprising 10 patients with newly

diagnosed, treatment-naı̈ve ACC, the potential of 18F-FDG

PET/CT at diagnosis prior to any treatment was evaluated.

In addition to conventional PET parameters and clinical

features, textural parameters were analyzed by PET-based

assessment of primary tumor heterogeneity.

Due to its ability to visualize whole-body metabolism,

PET is a powerful tool in the diagnostic work-up of adrenal

masses [14, 18]. The prognostic capability of PET-based

tumor heterogeneity has been demonstrated in several

tumor entities, such as thyroid cancer, rectal cancer, non-

small cell lung cancer, or high-grade gliomas [22, 23, 28,

29]. Additionally, ACC itself often presents as a hetero-

geneous tumor including necrotic areas and varying

tomographic densities. Therefore, we hypothesized that

assessment of intratumoral heterogeneity might provide

additional information for risk stratification in ACC

patients at initial staging.

However, none of the investigated PET-derived standard

parameters like SUV or tumor-to-liver ratios or textural

parameters was significantly associated with disease-free or

overall survival. 18F-FDG PET is known as a useful tool for

staging and restaging purposes in the work-up of ACC

patients [15–17] and has been shown to detect metastatic

sites which were missed by other imaging modalities [30].

In line with a previous study by Tessonnier et al. [14], 18F-

FDG uptake (SUVmax) was not correlated with outcome in

our patient population. In contrast, Leboulleux et al. [18]

reported that the intensity of 18F-FDG uptake is related to

survival in ACC patients. However, its usefulness as an

independent prognostic factor or for therapeutic manage-

ment was not analyzed.

In our cohort, pre-therapeutic primary tumor volume

was correlated with disease-free survival and Ki67 prolif-

eration index with overall survival, which is in line with

previous findings by Libé et al. [31]. ENS@T stage was the

only parameter to significantly correlate with both PFS and

OS. In the subgroup of patients without distant metastases,

age and tumor volume could be demonstrated to be cor-

related with PFS and OS. Beyond tumor stage, none of the

parameters examined was correlated with prognosis in

ENS@T stage IV patients. Given the intrinsic hetero-

geneity of ACC itself as expressed by inhomogeneous

presentation in morphologic and functional imaging due to

the initial presence of necrosis, inter-individual differences

in primary tumor 18F-FDG uptake may be only minor.

Other targets to identify high-risk patients are to be further

investigated. For example, 68Ga-Pentixafor, a radiolabeled

cyclic pentapeptide with high affinity to chemokine

receptor CXCR4, has recently been developed [32–34].

Proof-of-concept for visualization of CXCR4-expression

has been demonstrated in patients with hematologic

malignancies [35, 36], glioblastoma [37], and after

myocardial infarction [38, 39]. Since CXCR4 has been

reported to be overexpressed in ACC [40], evaluation of

tumoral receptor expression on the tumor cell surface

might be a new target worth further assessment.

This study has some limitations. First, reproducibility of

PET/CT parameters assumed to reflect tumor heterogeneity

has not finally been demonstrated. However, Tixier et al.

[41] were able to demonstrate reproducibility of textural

features comparable to classic PET parameters in a recent

study. Since all ACC in our cohort were relatively large

tumors (Fig. 1), we assume that partial volume effects can

be neglected. Manual tumor segmentation as performed in

our study might be more reliable in accurate assessment of

tumor borders in PET images than semi-automatic methods

which might fail depending on the tumor localization [42,

43].

Second, statistical power is limited due to the small

sample size. However, ACC is a rare disease with an

annual incidence of less than 2 new cases per million [44,

45] and we were able to enroll a homogeneous cohort of

patients with treatment-naı̈ve, newly diagnosed disease.

Additionally, this is an observational analysis in only one

center and hence selection bias cannot be excluded. Col-

laborative efforts within academic networks such as

ENS@T may permit acquisition of larger numbers of cases

to clarify a potential value of PET/CT-based assessment of

tumor heterogeneity.
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Conclusion

In this pilot study in treatment-naı̈ve ACC patients, con-

ventional 18F-FDG PET-derived parameters and textural

tumor heterogeneity features were not suitable to identify

high-risk patients.
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