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Abstract

Purpose
Neuroendocrine tumors (NETs) can produce neuroendocrine amines resulting in 
symptoms. Selecting the most active amine-producing tumor lesions for local treat-
ment might be beneficial for patients with metastatic small intestinal (SI-)NET. Tumor 
burden, correlates with catecholamine pathway activity. We analyzed interlesional 
heterogeneity with 6-[18F]fluoro-L-3,4-dihydroxyphenylalanine ([18F]FDOPA) Positron 
Emission Tomography (PET) scans in patients with SI-NET and investigated if lesions 
with substantially higher [18F]FDOPA uptake could be identified.

Procedures
For all lesions on [18F]FDOPA PET scans the [18F]FDOPA uptake was calculated by 
dividing standard uptake value (SUV) peak of the lesion by the SUV mean of the 
background organ. The magnitude of heterogeneity between lesions within a patient 
was calculated by dividing the lesion with highest by the one with lowest [18F]FDOPA 
uptake. Lesions with a higher [18F]FDOPA uptake than the upper inner or outer fence 
(>1.5 or 3 times the interquartile range above the third quartile) were defined as lesions 
with mild or extreme high [18F]FDOPA uptake, respectively and presence of these were 
determined in patients with ≥10 lesions. 

Results
With [18F]FDOPA, over 680 lesions in 38 patients, of which 35 serotonin producing, 
were detected. [18F]FDOPA uptake varied with a median of 8-fold up to 44-fold between 
lesions within a patient. In 12 of 20 evaluable patients lesions with mild high [18F]FDOPA 
uptake were found and in five, lesions with extreme high [18F]FDOPA uptake. 

Conclusions
[18F]FDOPA PET showed considerable heterogeneity in [18F]FDOPA uptake between tu-
mor lesions and identified lesions within patients with mild or extreme high [18F]FDOPA 
uptake. 

Key Words: Neuroendocrine tumor, [18F]FDOPA PET scan, heterogeneity, tracer uptake
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Introduction

Neuroendocrine tumors of small intestine (SI-NET) are rare tumors which in general 
are characterized by slow tumor growth. Over 50% of patients with NET present with 
metastatic disease. Symptoms are caused by tumor mass and/or (over-) production of 
neuroendocrine amines such as serotonin (1). Heterogeneity of tumor characteristics 
is increasingly appreciated and common in NETs and occurs at different genetic and 
epigenetic levels and in the expression of protein biomarkers (2). In several pathology 
studies heterogeneity between tumor lesions is shown. Immunohistochemical analysis 
of surgical specimens of liver metastases of 29 patients with pancreatic NET demon-
strated heterogeneity within and between synchronous and metachronous metastases 
for Mindbomb E3 ubiquitin protein ligase 1, CD34, and somatostatin receptor 2 (SS-
TRA2) (3). In another study, in 14 out of 27 patients with SI-NET a discordant tumor 
grade between liver lesions was demonstrated (4). This was also shown in pancreatic 
NET where 10 out of 16 patients had a discordant tumor grade between nodal, liver 
or other metastases (5). Furthermore eight out of 26 patients had tumor lesions with 
no to weak SSTRA2 expression and lesions with moderate to strong SSTRA2 expres-
sion (6). For patients with SI-NET a number of systemic and local treatment options 
are available. Selection of the most active tumor lesion for local treatment might be 
beneficial for patients with SI-NET to reduce symptoms caused by overproduction of 
neuroendocrine amines. Local treatment options consists of radiofrequency ablation 
(RFA), transarterial chemo-embolization (TACE), transarterial embolization (TAE), 
resection, or the more recently developed, selective internal radiation therapy (SIRT) 
(7,8). In patients with colorectal liver metastases SIRT added to standard chemotherapy 
had a better median PFS in the liver than chemotherapy (9). Currently, no studies ana-
lyzing heterogeneity between tumor lesions based on molecular imaging are available. 
In patients with SI-NET the tumor can be visualized with several molecular imaging 
techniques. [18F]FDOPA visualizes the metabolism of catecholamine pathway in the 
tumor cell. Total tumor burden measured with [18F]FDOPA PET scans in patients with 
SI-NET correlates with tumor markers of the serotonin and catecholamine pathway (10). 
We analyzed interlesional tumor [18F]FDOPA uptake heterogeneity with correction for 
background activity with PET scans and investigated if tumor lesions with substantially 
higher [18F]FDOPA uptake could be identified in patients with SI-NET.
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Materials and methods

Patients 
Patient records of all patients with NET undergoing an [18F]FDOPA PET scan at the 
University Medical Center of Groningen (UMCG), The Netherlands, between February 
2014 until April 2015, were screened. All adult patients with a metastasized SI-NET with 
visualization of more than one lesion on the [18F]FDOPA PET scan and who had under-
gone a diagnostic computed tomographic (CT) scan within 6 months of the PET scan 
were selected for further analysis (Fig. S1). The following baseline characteristics were 
retrieved from patients medical record; duration of disease, previous treatments, tumor 
grade (1 or 2) according to the 2010 WHO classification, 5-HIAA level in 24-h urine and 
serotonin level in platelet rich plasma. A tumor was considered serotonin-producing if 
either a 5-HIAA level in 24-h urine >3.8 mmol/mol creatinine or a serotonin level >5.4 
nmol/109 thrombocytes in platelet rich plasma was measured (11). [18F]FDOPA PET 
scans were conducted during standard care. Because of the retrospective nature of this 
analysis, according to the Dutch regulations and the ethical committee of our institution, 
no approval by this committee was needed and no additional informed consent was 
required. The patient whose scan was used in Figure 2, gave informed consent for 
publication, according to author guidelines. 

[18F]FDOPA PET and CT Scan
[18F]FDOPA was produced in the radiochemical laboratory of the UMCG as described 
previously (12). Patients fasted for 6 hours before the tracer injection and were allowed 
to continue all medication. For the reduction of tracer decarboxylation and subsequent 
renal clearance, all patients received 2 mg/kg carbidopa (maximum 150 mg) orally as 
pre-treatment, 1 hour before the [18F]FDOPA injection to increase [18F]FDOPA uptake in 
tumor cells (13). PET images were acquired 60 min after intravenous administration of 
[18F]FDOPA (170-215 MBq). Scanning was performed from the upper legs to head with 
a PET-CT camera (Siemens Biograph mCT 40 or 64 slices, 4 detector rings) with zoom 
factor 1. Scanning time per bed position was 1 to 3 min depending on body weight, 
and a low dose CT was used for attenuation and scatter correction. PET data were 
reconstructed with Siemens Ultra HD (trueX and time of flight), and ordered subsets 
expectation maximization reconstruction (OSEM), using 3 iterations and 21 subsets 
and a matrix of 400 with a full width at half maximum (FWHM) of 5 mm Gaussian 
(isotropic) filter (10,14,15). The PET scan was combined, at the same time or within 6 
months before or after date of PET scanning, with a contrast enhanced diagnostic CT 
scan. A CT scan of the chest (n=32) and abdomen (n=38) was obtained, with iodine-
containing intravenous, Iomeron 350 mg/mL, and oral contrast agents. CT scans were 
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performed on the Biograph mCT PET-CT, 40-slices, or 64-slices, Somatom Sensation 
64, or Somatom Definition Dual (all Siemens) with a maximal slice thickness of 2 mm. 

Imaging Data Analysis 
PET-positive tumor lesions were defined as lesions with an unequivocal visibility on 
[18F]FDOPA PET scan greater than normal activity in that body region (16). Around all 
PET-positive tumor lesions a volume of interest (VOI) was manually drawn on the PET 
scan with use of in-house developed Accurate Software. In each ‘background organ’, 
a spherical VOI was drawn in an area of homogenous activity in the organ, to quantify 
the physiological [18F]FDOPA uptake. The VOI diameter used to measure SUV mean 
in background organs was 1 cm in blood pool, bone marrow at L4 or L5, cortical bone 
of the humerus, cortex of kidney and pancreas; the VOI diameter was 2 cm in muscle, 
myocardium and spleen; and the VOI diameter was 3 cm in brain, liver and lung. SUV 
max, SUV peak and SUV mean values were calculated according to the body weight 
of the patient.
To detect and quantify all tumor lesions, including PET-negative tumor lesions, 
[18F]FDOPA PET scans were compared with CT scans that were reviewed by a radiologist 
with knowledge of the PET data. The radiologist counted in each organ all abnormalities 
and defined these as definitely benign, definitely malignant, or as ‘inconclusive lesions’. 
Afterwards, all discrepancies between malignant lesions or inconclusive lesions on CT 
scan versus tumor lesions on [18F]FDOPA PET scans were reviewed by one of the 
investigators. If a PET-negative, definitely malignant or ‘inconclusive lesion’ was found, 
a VOI was drawn surrounding the lesion on CT scan to calculate SUV values of the 
same region on the [18F]FDOPA PET scans. For small PET-negative lesions <0.15 mL, 
like lung nodules, a spherical VOI with a diameter of 1 cm was drawn. In case of more 
than 20 liver lesions on [18F]FDOPA PET or CT scan, a cut-off of 20 lesions for both 
modalities was used. If > 20 liver lesions were present, single lesions could not be 
identified separately and therefore could not be counted exactly. PET-negative, CT defi-
nitely malignant lesions were included for further analysis of [18F]FDOPA heterogeneity. 
Lesions that were ‘inconclusive’ on CT and PET-negative were not used for further 
analysis of [18F]FDOPA heterogeneity. 
Patients were evaluable for detection of lesions with mild or extreme high [18F]FDOPA 
uptake if > 10 tumor lesions were present, see for calculation below. [18F]FDOPA uptake 
in a tumor lesion was calculated by dividing the SUV peak value of the tumor lesion by 
the SUV mean value measured in the VOI drawn in the background organ. To determine 
the ‘tumor burden’ for each lesion or VOI the uptake has to be multiplied by lesion or 
VOI volume (10,17). This method was analyzed in a study using 18fluorodeoxyglucose-
PET scans. SUV peak corrected for local SUV mean background multiplied by volume 
had the most optimal feasibility and repeatability to measure metabolic active tumor 
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volume (i.e. tumor burden) (17). To explore the partial volume effect of the results, 
SUVs of tumor lesions were correlated with tumor VOI volume and the correlation was 
compared with the relation between SUV and volume seen in the NEMA NU 2-2007 
phantom model (18). To explore effect of tissue density on SUV, the SUV of background 
organs was correlated with tissue density. Tissue density was based on the average 
Hounsfield Units per VOI.

Statistical Analysis
Patients’ demographic and clinical variables were summarized using medians with 
ranges for continuous variables and frequencies with percentages for categorical 
variables. The magnitude of heterogeneity between lesions within a patient was calcu-
lated by dividing the lesion with highest [18F]FDOPA uptake with the lesion with lowest 
[18F]FDOPA uptake within a patient. Differences between a median [18F]FDOPA uptake 
or SUV mean per organ was analyzed with the Kruskal Wallis test. To determine lesions 
with mild or extreme higher [18F]FDOPA uptake than other lesions, the lower (Q1) and 
upper quartiles (Q3) were determined first. The interquartile range (IQR), or Q3–Q1, 
was then computed. Lastly, the upper fences were computed as follows: upper inner 
fence Q3 +1.5* (IQR) and upper outer fence Q3 +3 * (IQR). Any data points outside of 
the fences, are considered as lesions with mild or extreme high [18F]FDOPA uptake, 
compared to the other lesions in that patient. Correlations of parametric values were 
calculated using Pearson’s r, nonparametric values were calculated using Spearman’s 
rho. A p-value < 0.05 was considered significant. Statistical analyses were performed 
using SPSS version 23 (SPSS, Inc., Chicago, IL). 

Results

Patients
In the selected period 182 [18F]FDOPA PET scans of 160 patients with SI-NET were 
performed. Eighty three patients were excluded because their scan showed no or only 
one tumor lesion, 29 patients had a primary NET of pancreatic or lung origin and in 10 
patients the time between [18F]FDOPA PET scan and CT scan was more than 6 months 
(Fig. S1). In total 38 patients were eligible for analysis. Data of 5-HIAA urinalysis and 
serotonin in platelet rich plasma were available for 34 and 38 patients, respectively. 
According to these data, 35 patients had a serotonin producing NET. Baseline charac-
teristics of included patients are shown in Table 1. Median age of the patients was 65 
years (interquartile range 55-70), and 55% of patients were male. 
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Analysis of tumor lesions measured with [18F]FDOPA PET 
Over 680 tumor lesions were visualized on the [18F]FDOPA PET scans (mean > 20 
lesions per patient). The median SUV peak in tumor lesions was 5.5 (interquartile range 
3.1-11.2) and the median [18F]FDOPA uptake was 4.1 (interquartile range 2.2-7.7). In 
total 581 [18F]FDOPA PET lesions could be correlated to a morphologic lesion on CT 
scan (Fig. S2). Thirty eight [18F]FDOPA PET-negative lesions were detected by CT 
scan. In one patient the CT scan revealed two liver metastases that were not detected 
on [18F]FDOPA PET scan and these were included for analysis of [18F]FDOPA hetero-
geneity. Of 36 other [18F]FDOPA PET-negative lesions detected by CT scan, mostly 
localized in lung and lymph nodes, no differentiation could be made on CT whether the 
lesions were benign or malignant and these were not analyzed. In some patients one 
PET lesion referred to two or more CT lesions, because the lesions were merged with 
each other on [18F]FDOPA PET scan. Seven lesions were seen on the PET-scan but 
outside the field of view on CT-scan.
Examination of the lesions per organ showed 91 bone lesions visible on [18F]FDOPA 
PET scan, inside the view of field of the CT scan, but not visible on CT scan. When we 
evaluated other organs than the skeleton, a small number of lesions were revealed only 
on [18F]FDOPA PET scan (liver, lymph node/mesenterium, lung) or only on CT scan 
(lung) (Fig. S2). 

Interlesional heterogeneity and physiological [18F]FDOPA uptake
The [18F]FDOPA uptake ranged from 1- to 44-fold between individual lesions within the 
same patient (median 8-fold) (Table 2). Twelve of the 20 patients with over 10 tumor 
lesions had lesions with mild high [18F]FDOPA uptake and five patients had lesions 
with extreme high [18F]FDOPA uptake (Fig. 1,2). Liver, lymph nodes combined with 

Table 1. Baseline characteristics of small intestinal NET-patiens (n=38)
Characteristic n of patients (%)

Sex male, 21 (55)

Tumor grade:
1
2
Unknown

27 (71)
3 (8)
8 (21)

Treatment: 
 SSA use
 Surgery
 Everolimus
 Interferon
 PRRT 
 Any treatment

23 (61)
22 (58)
1 (3)
3 (8)
1 (3)
26 (68)

Patients with serotonin producing-tumor 35 (92) 

n= number, NET=neuroendocrine tumors, PRRT=peptide radionuclide receptor therapy, SD=standard deviation, 
SSA=somatostatin analogue.
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Table 2. Tracer uptake, magnitude of heterogeneity and number of lesions with mild or ex-
treme high tracer uptake.

Characteristics of metastases Tracer uptake
Pt Lesion (n) Metastasized organs Mean Max vs 

min 
MH 
(n)*

EH 
(n) *

1 >65 Lung, Liver, Pancreas, LN, Bone, Other 6.5 43.6 3 1

2 17 Liver 2.2 3.7 0 0

3 3 Liver, LN 1.5 1.2 - -

4 38 Lung, Liver, LN 6.0 3.6 0 0

5 6 Bowel, LN 3.0 3.0 - -

6 5 Lung, Liver 3.4 1.8 - -

7 >32 Liver, LN 6.6 9.5 0 0

8 9 Liver, Pancreas, Bowel, LN, Other 3.3 5.3 - -

9 14 Liver 3.9 8.5 1 0

10 13 Lung, Liver, LN 7.0 22.1 0 0

11 17 Liver, Bowel, LN 2.7 5.6 2 1

12 5 LN 8.1 15.0 - -

13 7 Heart, Pancreas, Bowel, LN, Other 5.7 6.2 - -

14 9 Liver, LN 2.5 2.2 - -

15 38 Lung, Liver, LN, Bone, Other 12.4 42.3 2 0

16 12 Lung, Pancreas, LN, Bone 6.1 3.8 0 0

17 2 Bowel, LN 9.5 12.5 - -

18 >40 Liver, Bowel, LN, Bone, Other 7.5 30.7 3 1

19 9 Liver, Bowel, LN 10.6 28.7 - -

20 6 LN, Bone 13.7 28.0 - -

21 5 Liver, LN 3.5 8.4 - -

22 4 Pancreas, LN 10.5 8.3 - -

23 46 Liver, Pancreas, LN, Bone 7.8 25.0 1 0

24 17 Liver, LN 3.8 8.6 1 0

25 13 Liver, Pancreas, Other 3.5 5.0 0 0

26 20 Liver, Pancreas, LN, Bone 5.3 10.9 0 0

27 >30 Heart, Liver, LN, Bone, Other 7.7 13.9 4 0

28 >23 Liver, LN 5.8 11.2 0 0

29 4 Bowel, LN 5.2 2.9 - -

30 7 Liver 1.6 1.4 - -

31 3 LN 2.8 2.1 - -

32 5 LN 4.0 2.1 - -

33 >54 Lung, Liver, LN, Bone, Other 10.3 171 3 0

34 5 Heart, Bowel, LN 5.5 6.2 - -

35 15 Liver, LN 3.1 6.5 1 0

36 8 Liver, Bowel, LN 4.0 9.1 - -

37 15 Liver, Bone 6.2 17.2 1 1

38 >48 Liver, LN, Bone, Other 2.8 8.4 9 7

LN = lymph node, Max vs min = lesion with highest tracer uptake divided by lesion with lowest tracer uptake within 
a patient, MH= lesion with mild higher [18F]FDOPA uptake than other lesions, EH= lesion with extreme higher [18F]
FDOPA uptake than other lesions n= number. 
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mesenterium, bone and lungs were most frequently involved. Tumor burden per lesion 
is depicted in the Fig. S3. The median [18F]FDOPA uptake of all analyzed lesions dif-
fered per organ (p<0.05) (Fig. 3). Lesions in lung had the highest [18F]FDOPA uptake 
(median 8.4) and lesions of heart the lowest (median 1.7). The median of SUV mean 
values measured in the background organs of all patients was 1.2 (interquartile range 
of 0.9-1.5) and differed per organ (p<0.05 ) (Fig. 4 and Table 3). 

Effect of partial volume effect and tissue density on physiological 
[18F]FDOPA uptake
SUV peak and [18F]FDOPA uptake of all tumor lesions were correlated with their vol-
umes, r=0.20 (p= 7.33*10-8) and r=0.15 (p=6.7*10-5), respectively (Fig 5). SUV mean 
of healthy lung was linearly correlated with tissue density r=0.83 (p=1.28*10-10) (Fig 6, 
Table 3). 

 
Figure 1. [18F]FDOPA uptake per tumor lesion per patient. 
Tumor lesions above the inner and outer upper fences show mild or extreme high [18F]FDOPA uptake in patients 
with ≥ 10 tumor lesions. Each symbol represents a single lesion. Color and kind of symbol are equal per lesion 
within a patient.
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Figure 2. Representative [18F]FDOPA PET scan.
[18F]FDOPA uptake per lesion in patient 15. A) [18F]FDOPA PET scan B) [18F]FDOPA PET scan fused with low dose 
computed tomographic scan. Written informed consent for publication of the clinical images was obtained from the 
patient.

Figure 3. [18F]FDOPA uptake per tumor lesion according to location in the body. 
SUVpeak per tumorVOI according to location. Each symbol represents a single lesion. Kind of symbol is equal per 
lesion in the same kind of organ.
LN= lymph node, SUV=standard uptake value, VOI=volume of interest.
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Figure 4. SUVmean per VOI according to location in the body of non-tumoral tissue.
The VOIs per organ were of the same size per organ. The bar is showing the median. Each symbol represents a 
single VOI. Kind of symbol is equal per VOI in the same kind of organ.
SUV=standard uptake value, VOI=volume of interest.

Table 3. Median SUV mean value of each background organ and correlation with tissue den-
sity. 
Organ SUV mean median 

(range)
Correlation SUV mean with tissue density 
(Pearson’s r) 

p-value

Kidney 2.8 (2.3 -3.3)  0.04 NS

Liver 1.7 (1.3-1.9)  0.01 NS

Pancreas 1.5 (1.2-1.7) -0.09 NS

Myocardium 1.4 (1.2-1.6) -0.11 NS

Spleen 1.2 (1.0-1.4) -0.16 NS

Muscle 1.2 (1.1-1.3) -0.09 NS

Bone marrow 1.1 (0.8-1.3)  0.10 NS

Bloodpool 1.1 (0.9-1.2)  0.00 NS

Brain 1.1 (0.8-1.3)  0.07 NS

Cortical bone 0.9 (0.7-1.1) -0.17 NS

Lung 0.2 (0.2-0.3)  0.83 1.28 *10-10

Total 1.2 (0.9-1.5)  0.22 5*10-6

NS = not significant, SUV=standard uptake value. 
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Figure 5. Partial volume effect compared with a phantom model.
SUV peak of the lesion versus the volume of the lesion, compared with the curve of the ‘partial volume effect’ 
measured with a phantom. 
cc= cubic centimeters, SUV=standard uptake value, VOI=volume of interest.

Figure 6. SUVmean per VOI according to tissue density.
SUV=standard uptake value, VOI=volume of interest.
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Discussion

[18F]FDOPA PET scans showed interlesional tumor heterogeneity within patients with 
SI-NET and identified lesions with mild or extreme high [18F]FDOPA uptake in 60% of 
the evaluable patients. Interlesional tumor heterogeneity of NET tumor characteristics 
within patients has been shown in several pathology studies (4-6,19). Currently no stud-
ies aiming to identify lesions with high tracer uptake are performed. We performed a 
refined analyses of tumor burden with the use of tumor to background ratio to compen-
sate for differences between organs in tracer uptake, vessel density and permeability 
(17,20). With the knowledge that interlesional tumor heterogeneity in neuroendocrine 
tumors can be determined with [18F]FDOPA PET, we were interested if lesions with mild 
or extreme high [18F]FDOPA uptake could be identified. 
Because total tumor burden measured on [18F]FDOPA PET, correlate with 5-HIAA in 
urine, a better insight in heterogeneity could potentially be used in case of systemic 
symptoms (10). In patients with symptomatic liver metastases, local treatment with 
RFA, TACE, TAE, resection or SIRT are relevant treatment modalities (9). With the 
selection of tumor lesions with a relatively high tumor burden, local treatments might be 
more effective in symptom management, than selection based on other characteristics. 
In general, tumor heterogeneity in neoplasms is determined by genetic variation be-
tween subclones of tumor cells. As a consequence cell clones that have an advantage 
within a given tumor micro-environmental context survive and can expand through 
Darwinian selection (2). This may lead to tumor adaptation and therapeutic failure (21). 
Interlesional tumor heterogeneity on [18F]FDOPA PET was rudimentary analyzed in an 
imaging study in 77 patients with NET. The SUV max, without correction for the SUV of 
the background organ, between lesions within the patient, varied up to 29-fold (10). In 
NET one study analyzed heterogeneity within a single tumor lesion. 141 patients with 
NET, of which 108 patients had a GEP-NET, underwent a Gallium-68 somatostatin ana-
logue ([68Ga]SSA) PET scan to select them for radiolabeled peptide receptor therapy. 
Heterogeneity within a lesion was shown to be present and entropy (a heterogeneity 
parameter) appeared to be predictive for progression free survival and overall survival 
(22). Recently, it was shown that total tumor burden in patients with SI-NET measured 
with [68Ga]SSA PET scan correlated with tumor markers; with 5-HIAA level in 24h 
urine and with chromogranine A, however this study did not investigate heterogeneity 
between tumor lesions (23). In another study, in five patients the genetic heterogeneity 
between primary and metastatic lesions was evaluated by whole exome sequencing. 
This revealed a highly varying degree of genetic heterogeneity between primary lesions 
and hepatic metastasis (24). 
In studies where sensitive molecular scans are used like in this study, many small tumor 
lesions could become visible. In small lesions, the partial volume effect (PVE) has to 
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be taken into account. Part of variability in SUV, might be explained by the PVE. This is 
demonstrated in the non-linear curve of our data, similar to the curve derived from the 
phantom model (Fig 5) (25,26). In total 90% of lesions in our study were smaller than 
20 mL and therefore their SUVs could be influenced by partial volume effects (PVE). 
A component of PVE is tissue fraction effect (27). Healthy lung tissue has a lower den-
sity because it contains air. It is found that an increase in observed SUV is associated 
with regions of increased lung density (27,28). In our analysis this is reflected in a linear 
correlation between lung density with the SUV and a lower SUV mean of lung tissue 
compared to SUV mean value of the other organs used for background measurement 
(Fig 6). This resulted in higher [18F]FDOPA uptake in lung lesions compared with lesions 
in other organs (Fig 3). Several methods are developed to correct for tissue fraction 
effect in lung (27,28). In follow-up studies, to select lesions with substantially higher 
[18F]FDOPA uptake for local treatment, the tissue fraction effect and PVE have to be 
taken into account. 

Conclusions
In patients with SI-NET, [18F]FDOPA uptake shows considerable heterogeneity in uptake 
between tumor lesions within a patient. Furthermore in some patients lesions with mild 
or extreme high [18F]FDOPA uptake could be identified. This suggests that [18F]FDOPA 
PET scans can serve, in patients with systemic symptoms, due to an overproduction of 
catecholamines, to select lesions with substantially higher [18F]FDOPA uptake for local 
treatment. 
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Interlesional heterogeneity of metastatic neuroendocrine tumors based on  
[18F]FDOPA PET/CT

All 18F-DOPA PET/CT scans 
made in adults in the UMCG 
from 4-2-2014 to 1-4-2015. 

(Excluding PET only camera)  
n=182 scans  

(n=160  patients)

Only patients with SI-NET
n=61 scans 

(n=48 patients)

Only patients wtih ≥ 1 positive 
lesion on 18F-DOPA PET/scan

n=93 scans 
(n=77  patients)

Exclusion ≤ 1 positive lesion on 18F-DOPA PET/scan: 
n=89 scans 

(n= 83 patients)

Only patients with CT and 18F-
DOPA PET scan

n=48 scans -> (n=38 patients)

Exclusion patients with primary tumor of pancreas or 
bronchopulmonal

n= 32 scans 
(n=29 patients)

Exclusion no CT-scan was made within 6 months 
before or after the 18F-DOPA PET/scan

n=13 scans 
(n=10 patients)

Figure S1. Diagram of in- and exclusion 
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Figure S2. [18F]FDOPA PET lesions versus inconclusive and/or malignant lesions on CT. 
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Interlesional heterogeneity of metastatic neuroendocrine tumors based on  
[18F]FDOPA PET/CT
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Figure S3. Tracer uptake multiplied by volume per lesion per patient. 
Each symbol represents a single lesion. Color and kind of symbol are equal per lesion within a patient. 
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