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PURPOSE

Studies have demonstrated that positron emission tomography/computed tomography
(PET/CT) with Gallium-68 (°®Ga)-labeled somatostatin analogues are effective at detecting
metastatic disease in neuroendocrine tumors (NET), especially extrahepatic metastases.
However, PET in combination with full-dose contrast-enhanced CT (ceCT) exposes patients to
higher radiation (~25 mSv). The use of non-contrast-enhanced low-dose CT (IdCT) can reduce
radiation to about 10 mSv and may avoid contrast-induced side effects. This study seeks to
determine whether ceCT could be omitted from NET assessments.

METHODS

We retrospectively compared the performance of PET/IACT versus PET/ceCT in 54 patients
(26 male, 28 female) who had undergone a ®®Ga-DOTATATE PET/CT. The selection criteria were
as follows: available IdCT and ceCT, histologically confirmed NET, and follow-up of at least 6
months (median, 12.6 months; range, 6.1-23.2 months). The PET/IdCT and PET/ceCT images
were analyzed separately. We reviewed metastases in the lungs, bones, and lymph nodes. The
results were compared with the reference standard (clinical follow-up data).

RESULTS

The PET/ceCT scans detected 139 true-positive bone lesions compared with 140 lesions
detected by the PET/IACT scans, 106 true-positive lymph node metastases (PET/ceCT) com-
pared with 90 metastases detected by the PET/IdCT scans, and 26 true-positive lung lesions
(PET/ceCT) compared with 6 lesions detected by the PET/IdCT scans. The overall lesion-based
sensitivity for full-dose PET/ceCT was 97%, specificity 86%, negative predictive value (NPV)
93%, and positive predictive value (PPV) 93%. The overall lesion-based sensitivity for PET/
IdCT was 85%, specificity 73%, NPV 72%, and PPV 85%.

CONCLUSION

This study presents the first evidence that ceCT should not be omitted from extrahepatic
staging using %®Ga-DOTATATE PET/CT in patients with NET. ceCT alone can be used as a fol-
low-up to reduce radiation exposure when the patient has already undergone PET/ceCT and
suffers from non-DOTATATE-avid NET.

PET/CT imaging in the diagnosis and accurate staging of neuroendocrine tumors

(NET) (1-3). The use of radiolabeled somatostatin analogs in PET/CT has become the
standard protocol in NET staging. For many years, octreotide-scintigraphy was used for NET
detection and assessment, but this practice has recently been replaced by combined, inte-
grated PET/CT imaging with ®Ga-labelled somatostatin analogues. The new method yields
higher spatial resolution and facilitates tracer uptake quantification, and %Ga PET/CT has
increasingly replaced the use of contrast-enhanced computed tomography (ceCT) alone.
%Ga PET/CT provides for precise staging and allows the physician to assess the feasibili-
ty of peptide receptor radionuclide therapy (4, 5). There is evidence that PET/ceCT can be
beneficial for patients with NET and the ENETS guidelines, among others, recommend PET/
ceCT for staging NETSs (6-8). However, to date, there is no mandatory consensus on the ap-
propriate %®Ga PET/CT protocol for assessing NET. A patient can undergo PET with non-con-
trast-enhanced low-dose CT (IdCT) or with full-dose ceCT. The diagnostic benefit of surplus

P revious studies have shown the importance of DOTATOC, DOTATATE, and DOTANOC
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ceCT has been assessed particularly for the
detection and staging of '®F-fluorodeoxy-
glucose (FDG)- avid lymphoma (5) and NET
abdominal lesions (9). The benefits of ceCT
over PET/ICT in the detection of extrahe-
patic metastases have not been analyzed
with that kind of detail. As the ceCT meth-
od results in substantial radiation exposure
(up to 25 mSv), depending on the type of
CT machine, any potential dose reduction
is desirable. While these levels of exposure
are within the limits recommended by
Huang et al. (10), they surpass those given
by Persson et al. (11). In addition, contrast
medium can cause adverse reactions such
as hyperthyroidism and renal failure, so it
should not be administered without cause,
although current ESUR guidelines suggest
that contrast media’s adverse effects have
been widely overestimated (12). This study
addresses whether ceCT is necessary for
the detection and assessment of NET extra-
hepatic metastases and if PET/IACT is suffi-
ciently reliable.

Methods

Patients

This trial was approved by the local med-
ical ethics committee (decision number EK
197/13). As the study design was retrospec-
tive, there was no need to obtain informed
consent, and this requirement was waived
by the ethics committee.

A total of 132 patients who had been
diagnosed with NET and who had under-
gone a %Ga-DOTATATE PET/ceCT scan be-
tween September 2011 and March 2013
were identified. The inclusion criteria were
histological sampling and proof of NET; pa-
tient availability for at least six months of
follow-up; and ceCT conducted as part of
the examination. After these criteria were
applied, 54 patients were included in the
study (26 male, 28 female; median age, 64

* Low-dose CT is inferior to contrast-enhanced
CT in the detection of extrahepatic metastases.

¢ Contrast-enhanced CT should not be ommit-
ted from clinical screening.

* Lung scans in shallow breathing are inferior
to lung scans in inspirational breath-hold in
the detection of intrapulmonary nodules.

* Anindividualized approach should always be
taken when trying to reduce radiation expo-
sure.

years; age range, 38-86 years). The same
patient population was used in a previously
published study. The follow-up data con-
sisted of the clinical data collected there-
after (median 12.6 months, range 6.1-23.2
months), in order to classify the lesions as
false negative, false positive, true negative,
or true positive. The tumor marker chro-
mogranin A was used in all patients as a
laboratory chemical follow-up marker. Fur-
thermore, the follow-up measures consist-
ed of the repetition of the PET/CT imaging,
magnetic resonance imaging (MRI), repeat-
ed CT and clinical follow-up.

Tracer production

The tracer, ®®Ga-DOTATATE, was produced
on-site using automated synthesis, as de-
scribed by Meyer et al. (13). Briefly, 30 pL of
1 mg/mL DOTATATE stock solution (ABX) in
metal-free H,O was used for the standard
labelling procedure. ®Gallium was eluted
from an ITG %Ge/%®Ga-generator (Isotope
Technologies Garching).

PET/CT protocol

The radiotracer was applied intravenous-
ly. The PET/ceCT scans were acquired 40
minutes after injection. The PET/ceCT scans
were performed with a Philips Gemini TF 16
PET/CT scanner (Philips Medical Systems).

First, a native, low-dose, whole-body CT
from the base of the skull to the upper thigh
was performed for attenuation correction
purposes. Second, a late-phase ceCT of
the same volume was acquired during a
deep inspiration and breath-hold (tube
current-time product, 30 mAs; tube volt-
age, 120 kVp). For image reconstruction, a
medium-smooth soft-tissue kernel with a
slice thickness of 5 mm and an overlapping
increment of 3.5 mm was used. Then, 100
mL of contrast medium (Ultravist 300, Bay-
er Healthcare) were administered intrave-
nously, followed by a saline chaser bolus (30
mL of 0.9% sodium chloride solution) that
was administered at the same flow rate. The
CT scan was started with a delay of 70 s us-
ing a bolus tracking method with region of
interest (ROI) in the descending aorta.

After the CT scan, a PET scan was per-
formed.The data were gathered in list mode
for each scan along with the respective
timestamps over multiple timepoints. The
acquisition time was 1.5 min (bodyweight
<100 kg) or 2 min (bodyweight =100 kg)
per bed position. All sets of data underwent
full correction for random incidences and
scatter radiation attenuation (14).
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Lesion criteria

Lesions with a higher uptake than back-
ground intensity were identified as PET-posi-
tive lesions. High physiological uptake could
be seen in the liver, spleen, pituitary gland,
adrenal glands, pancreatic head, thyroid,
and urinary tract. We selected different cut-
off values for the pulmonary lesions, osse-
ous lesions, and PET-positive lymph nodes
(1, 15). These cutoff values were selected
based on the upper limit of physiological up-
take for each region (bone marrow, 0.4-2.7;
lymph nodes, 0.5-2.2; lungs, 0.6-2.3) (16).

For the CT scans, a positive lesion was de-
fined according to the following criteria for
each of the abovementioned tissues. Bone
lesions were considered suspect unless
they bare clear signs of degenerative or be-
nign origins, e.g., osteophytes, osteochon-
drosis, or sclerotic margins. All other bone
lesions with diameters over 0.5 cm were
classified as positive.

If two or more of the three malignancy
criteria (diameter, hilum sign, and shape)
were positive in a lymphatic lesion, this le-
sion was also considered tumor positive;
otherwise the lesion was considered neg-
ative. The criterion size was adapted to dif-
ferent locations in the body. While inguinal
lymph nodes with a diameter of 18 mm can
be physiological, that size is highly suspi-
cious if found elsewhere. We established
cutoff values for lymph node sizes in vari-
ous areas of the body. The following mini-
mal lymph node diameters were defined as
negative: cervical <11 mm; axillary <10 mm;
ventral mediastinum <6 mm; aortopulmo-
nary window <15 mm; perihilar <10 mm;
infracarinal <10 mm; paraaortic < 7 mm;
mesenteric <10 mm; iliac <12 mm, and in-
guinal <18 mm (14). Lymph node diameters
greater than these values were classified as
positive.

Oval lymph nodes were rated as nega-
tive, whereas circular lymph nodes were
rated as positive. A fatty hilum was consid-
ered benign, but if a fatty hilum was absent,
the lesion was rated positive (17). Since
small lymph nodes rarely have a fatty hilum,
lymph nodes with a diameter of less than 4
mm were counted as positive if there was in-
filtrative growth and/or increased contrast
enhancement compared with other lymph
nodes in the area. Any lymph node located
retrocrurally, retroclavicularly, aortocavally,
or inside the liver hilum or the perirectal
fascia was considered malignant due to its
location. Pulmonary nodules were counted
as positive lesions, unless they showed one
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Table 1. Findings in various organs with PET/IdCT

PET/IACT
TP FP TN FN Sensitivity Specificity PPV NPV Accuracy
Findings in bones 140 14 46 0 100 77 91 100 93
Findings in lymph nodes 90 26 49 23 80 65 78 68 74
Findings in lungs 6 1 15 20 23 94 86 43 50
Findings in total 236 41 110 43 85 73 85 72 80

PET/IACT, positron emission tomography/ low-dose computed tomography; TP, true positive; FP, false positive; TN, true negative; FN, false negative; PPV, positive predictive

value; NPV, negative predictive value.

Table 2. Findings in various organs with PET/ceCT

PET/ceCT
TP FP TN FN Sensitivity Specificity PPV NPV Accuracy
Findings in bones 139 6 54 1 99 90 96 98 97
Findings in lymph nodes 106 10 64 8 93 86 91 89 920
Findings in lungs 26 5 11 0 100 69 84 100 88
Findings in total 271 21 129 9 97 86 93 93 93

PET/ceCT, positron emission tomography/ contrast-enhanced computed tomography; TP, true positive; FP, false positive; TN, true negative; FN, false negative; PPV, positive

predictive value; NPV, negative predictive value.

or more of the following calcification pat-
terns: popcorn calcification, homogeneous
calcification, or central calcification (18).

In addition, any identified lesions were di-
vided into body regions on a patient-by-pa-
tient basis for further analysis. Bone lesions
were grouped according to the following
classifications: 1.1, trunk, including the clav-
icles, ribs, shoulder blades, breastbone, and
pelvis; 1.2, spinal column; and 1.3, bones
of the extremities. Lymph nodes were
grouped as follows: 2.1, head/neck, includ-
ing the supraclavicular and axillary regions;
2.2, mediastinum; 2.3, abdomen, including
the mesentery, paraaortic, iliac, and ingui-
nal regions.

Review process

In the first step of the review process, the
PET and ceCT images were analyzed sepa-
rately by two experienced nuclear medicine
specialists and two experienced radiologists,
respectively, for a consensus reading that
was blinded to the patients’ identities and
histories. The same was done with the PET/
IdCT images, which had been used only for
attenuation correction in our previous study.

In the second step of the review process,
all four reviewers had to reach a consensus
reading of the images for each detected
lesion, using a five-point grading system
adapted from Nakamoto et al. (19). The
entire analysis was finished within a peri-

od of four weeks. The graded lesions were
later divided into positive lesions, if they
received a score of 3 or 4, and negative le-
sions, if they received a score of 1 or 2 (19).
These results were considered representa-
tive of the combined PET/ceCT readings.
A second assessment was performed ev-
ery time a lesion was detected in only one
of the modalities mentioned in step one.
During this second assessment, the review-
ers were asked to verify their initial evalua-
tion. Thereafter, the results of the ceCT and
PET/ceCT reviews were compared with the
clinical follow-up data as a reference stan-
dard (median, 12.6 months; range, 6.1-23.2
months) to identify lesions as true positive,
true negative, false positive, or false nega-
tive. This process was separately conducted
for the three types of extrahepatic mani-
festations (bone, lung, and lymph nodes)
and for all the lesions grouped together
to obtain an overall sensitivity, specificity,
positive predictive value (PPV), and neg-
ative predictive value (NPV) for PET/IACT
and PET/ceCT. The clinical follow-up data
included repeated PET/CT imaging, mag-
netic resonance imaging (MRI), repeated
CT-scans, and measurements of the tumor
marker chromogranin A (20-22).

Results

In the PET/ceCT images, 139 true-positive
bone lesions were detected. By comparison,

140 lesions were detected in the PET/IdCT
images, leading to the identification of one
additional lesion in the vertebral column.
In the PET/ceCT images, 106 true-positive
lymph node metastases were detected,
compared with 90 metastases detected in
the PET/IACT images. The PET/ceCT images
were also used to detect 26 true-positive
lung lesions, while the PET/IACT images
were used to detect 6 true-positive lung le-
sions. The results of the metastasis analysis
according to various organs as identified
with PET/IACT are shown in Table 1, and
those of ceCT are shown in Table 2.

NPV, PPV, sensitivity, and specificity were
also calculated for bone, lung, and lymph
node metastasis lesions, subdivided into
various body regions: intrapulmonary for
lung lesions; cervical, mediastinal, and ab-
dominal for lymph node lesions; and trunk,
long bones, and vertebrae for osseous le-
sions (Table 3). An overview of all primary
lesions can be seen in Table 4.

Discussion

The review of the performance of ceCT in
the detection of bone metastases indicated
that ceCT is not mandatory for this applica-
tion, since sensitivity is 100% for PET/IACT
and 99% for PET/ceCT. Bone metastases
do not commonly have significant contrast
enhancement, and they often have a high
tracer uptake, resulting in the satisfactory
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Table 3. Lesion analysis with PET/IdCT and ceCT based on body region

PET/Id CT PET/ceCT
Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV

Bone lesions

Trunk 100 73 89 100 36 27 51 16

Vertebrae 100 71 89 100 42 29 58 18

Long bones 100 100 100 100 17 0 33 0
Lymph node lesions

Cervical 100 82 75 100 33 18 18 33

Mediastinal 81 81 81 81 56 13 39 22

Abdominal 78 56 77 57 65 40 68 37

Lung lesions 23 94 86 43 100 69 84 100

PET/IACT, positron emission tomography/ low-dose computed tomography; PET/ceCT, positron emission tomography/ contrast-enhanced computed tomography; PPV,

positive predictive value; NPV, negative predictive value.

Table 4. Locations of primaries

n=54

Pancreas 9
Duodenum 1
Jejunum 2
lleum 14
lleocecal valve 2
Cecum 3
Colon 1
Rectum 4
Lung 4
Neobladder 1
Endometrium 1
Paraganglioma 1
Cancer of unknown primary (CUP) 11
overall
Detected organ sites in follow-up n=11
of CUP

Lung 1

Cervix 1

Duodenum 1

lleum 1

Thyroid gland 1

Remaining unknown 6

NPV (100%) of PET/IACT in the detection of
bone metastases (Fig. 1). The superiority of
PET/IACT over ceCT in this application is due
to the visibility of somatostatin-expressing
metastases and the improved sensitivity of
DOTATATE-PET/CT (23). However, high-dose
ceCT could be selected for use in follow-up
exams of non-DOTATATE-avid NETs, as PET/
IdCT loses its superiority in those cases. In

Figure 1. a, b. A patient with extensive bone metastases. Sagittal fusion image (a) of low-dose CT
with %8Ga-DOTATATE. Sagittal high-dose contrast-enhanced CT (ce-CT) image (b) with bone tissue
windowing. Both images reveal sclerotic bone metastases in multiple vertebrae. No significant value
is gained from the high-dose ceCT compared with the low-dose PET/CT alone. The low-dose PET/CT
provides a clear differentiation of the bone metastases (exemplified by the red arrows) and the non-
enhancing degenerative processes (exemplified by the blue arrows).

our view, the high cost, tracer administra-
tion, and long scan times of routine high-
dose ceCT are not justified. Furthermore,
peptide receptor radionuclide therapy is no
longer an option for these patients. Howev-
er, a PET/IACT scan must be performed to
rate a NET case as non-DOTATATE-avid.

For the detection of lymphatic metastases,
high-dose ceCT still seems to be necessary,
despite the overall satisfactory performance
of PET/IACT. For diagnosing lymph node me-
tastases, PET/ceCT is clearly superior (93%
sensitivity and 86% specificity vs. 80% sensi-
tivity and 65% specificity of PET/IACT, Fig. 2).
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When analyzing lymph node metastases,
IdCT yields a high number of false-posi-
tive results (24) that cannot be proficiently
excluded through PET. Differentiation be-
tween a lymph node metastasis and un-
specific uptake in the small intestine can be
difficult, leading to the high sensitivity and
poor specificity of PET/IACT in the detection
of lymph node metastases. These false-pos-
itive results can be successfully excluded
through high-dose ceCT.

The IdCT used for attenuation correc-
tion in PET/CT has a very low sensitivity
(23%) and NPV (43%) for lung metastases

Apitzsch et al.
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Figure 2. a-d. The cross-sectional ®*Ga-DOTATATE PET/CT image (a) shows a focal tracer uptake
(arrow); however, the use of cross-sectional low-dose CT alone does not permit the differentiation of
unspecific intestinal activity versus lymph node metastasis (b, arrow). The additional use of contrast-
enhanced CT (ceCT) provides a clear delineation of a lymph node as the source of the pathological
tracer uptake (c, arrow), as seen in the magnified image section of ceCT (d).

Figure 3. a, b. Cross-sectional images of the right lung in lung tissue windowing with ceCT (a) and
low-dose CT (b). In image (a), there are three intrapulmonary nodules (circles) that cannot be seen
in (b) due to the lower applied radiation dose and the lack of breath-hold, which resulted in image
blurring. Note that due to the maximum inspiration and the use of breath-hold during image
acquisition, image (a) is far clearer than image (b), which has been acquired during free breathing
to match the PET images for later image fusion. Therefore, the large lobe fissure is located farther
anterior, and the bronchial bifurcation appears further spread out.

(Fig. 3). It should be noted that the IdCT
lung scans in this study were not acquired
during maximum inspiration with a breath-
hold; they were instead taken during con-
tinuous shallow breathing to optimize

co-registration with the PET images. This
led to decreased sensitivity for sub-centi-
meter-sized nodules. Additionally, normal
anatomic structures, such as blood vessels,
may have appeared ambiguous, indicating

abnormalities where there were none (23).
The available data for adults suggest that
the sensitivity problem with end-tidal expi-
ration in localized IdCT scans for pulmonary
nodule diagnosis is not the reduced dose
but the lack of a full inspiration (24). In our
study, fewer true-positive lung lesions were
detected in IdCT than in PET/ceCT (6 vs. 26).
This result was due to the scans being ac-
quired during free breathing and is consis-
tent with the findings of other authors who
have reported improved volumetric lesion
definition during a breath-hold CT (25).
Similarly, other studies have reported that a
significantly greater number of lung lesions
were detected when using the breath-hold
technique (26). Since the breath-hold tech-
nique is not standard in our institution, and
as it often requires manual co-registration,
it was not used in this study (27). Further-
more, it can be said that the overall accu-
racy of PET/ceCT of 93% exceeded that of
PET/ICT (80%) by far. The individual accu-
racies of the two methods, broken down
by organ manifestation, can be studied in
detail in Tables 1 and 2.

When further subdividing the lesions ac-
cording to their locations in various body
regions and analyzing the respective per-
formance of each method (Table 3), the
shortcomings of the methods become
quite obvious. Our data strengthen the
knowledge that CT alone is not sufficient
for the detection of osseous metastases
and is known to be inferior to other meth-
ods, especially in the detection of neuroen-
docrine metastases (28). In our case, ceCT
alone was inferior to PET/IACT in each bone
region, suggesting that tracer uptake is the
key to a correct diagnosis. A value of zero
for NPV and specificity may be due to the
fact that there are generally few metastases
in long tubular bones, and therefore, it is
statistically difficult to evaluate the meth-
ods, since even small deviations may cause
large changes in the results.

Lymph-node-based lesions were judged
by their size and location using ceCT; all
results were systematically inferior to the
results obtained by using PET/IACT. These
ceCT results were, therefore, not satisfacto-
ry. In particular, cervical lymph node metas-
tases were often excluded as nonspecific.
Enlarged cervical lymph nodes can have
multiple causes, of which NET metastasis
is a rather unlikely one among many dif-
ferential diagnoses. Swollen cervical lymph
nodes can also mean something complete-
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ly different than malignancy, which is why
tracer imaging provides important informa-
tion for NET patients.

As already described, high-dose CT of
the lungs offers higher spatial resolution
and lower movement artifacts caused by
breathing compared with low-dose CT
in free shallow breathing. This leads to a
higher detection rate of even smaller in-
trapulmonary nodules and further offers
the possibility of a more accurate character-
ization of individual lesions based on their
morphology as compared with results from
low-dose CT with shallow breathing. In the
consensus reading, the high-dose CT was
evaluated as very sensitive, and many of the
lesions found in the lungs were described
and evaluated as potentially malignant,
even if the differential diagnosis could also
include granulomas or scars. All lesions that
did not show a progress in growth or con-
trast enhancement and/or tracer uptake in
follow-up were excluded as benign.

The data in Table 1 clearly depict each
method’s shortcomings and benefits for
various body regions and organ types. Each
method is somewhat insufficient when used
as a stand-alone method in staging NET me-
tastases. Their combination, on the other
hand, gives the examiner a comprehensive
and reliable overview of the disease. Com-
plementary examinations should therefore
be used when indicated. The decision to use
ceCT for NET detection with ®Ga-DOTATATE
should always be made on an individual,
case-by-case basis. If, for instance, the ab-
domen is the primary focus of the diagnosis,
a PET/IACT scan might be sufficient. PET/
IdCT might also be considered as the first
method of choice when examining younger
patients with higher sensitivity to ionizing
radiation and for patients with increased
risk of contrast-induced allergic reactions,
hyperthyroidism, or nephropathy.

The fact remains that PET/CT is more sen-
sitive than CT alone. Very small lesions de-
scribed in high-dose CT in this study were
not visible in IdCT (Fig. 3) due to abovemen-
tioned reasons. They do not accumulate
tracer due to their small size, and thus elude
the added value of PET/CT compared with
CT alone.

Our results complement those of May-
erhoefer et al. (29) by surveying the whole
body for extrahepatic metastases. The
study by Mayerhoefer et al. (29) found only
a limited increase in sensitivity and spec-
ificity for PET/ceCT compared with PET/
IdCT, but their analysis was limited to the

abdomen. Moreover, 67% of the detected
lesions in their study were located in the liv-
er. By contrast, liver lesions were excluded
from our study. There are already effective
methods of detecting liver lesions in pre-
cise detail, e.g., with MRI and ceCT of the
liver or contrast-enhanced ultrasound. As
most patients present with liver metastases
at the time of their diagnosis, and as distant
metastases are directly related to a poorer
five-year survival rate, this study focused
on extrahepatic lesions (30). If only lymph
node metastases are considered, the study
by Mayerhoefer et al. (29) demonstrated
that contrast medium has a strong impact
on diagnostic performance (a 50% reduc-
tion in false positives and 100% reduction
in false negatives for experienced investiga-
tors), similar to our results. Thus, particularly
if lymph node metastases are suspected in
NET patients, PET with ceCT should be con-
sidered. As described above, it is often diffi-
cult to differentiate lymph node metastases
from unspecific uptake in the small bowel.
In these instances, ceCT is capable of delin-
eating even small lymph node metastases.
Other studies that have analyzed the di-
agnostic value of PET combined with ceCT
using fluorodeoxyglucose (FDG) have re-
ported divergent results. In a retrospective
analysis of oncology patients, Nanni et al.
(31) found that PET/ceCT increased diag-
nostic quality, especially with regard to
nodal metastases and small distant lesions.
In addition, ceCT was shown to be of value
in providing fully diagnostic morphologic
data, thus complementing the PET imag-
ing (32). In contrast, van Hamersveld et al.
(33) demonstrated that in patients with
newly diagnosed FDG-avid lymphoma, un-
enhanced low-dose FDG-PET/CT alone was
the primary imaging modality of choice for
staging. This confirmed an earlier study by
Schaefer et al. (34), who found that PET/
IdCT was more sensitive and specific than
ceCT in patients with Hodgkin disease and
high-grade non-Hodgkin lymphoma. That
study, however, did not compare PET/IdCT
with PET/ceCT. Shen et al. (35) point out the
importance of glucose metabolism when
imaging cancer cells from a molecular im-
aging point of view. Other studies also sug-
gest that ®®Ga-DOTATATE PET/CT has among
the highest detection rate in the diagnosis
of SDHA-related metastatic pheochromo-
cytoma and paraganglioma (36). Jha et al.
(37) also recommend %Ga-DOTATATE PET/
CT as a means of detecting pheochromo-
cytoma and paraganglioma in children.
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In line with that study, our results further
strengthen the assumption that ceCT aids
and supplements %Ga-DOTATATE PET/CT
in the detection of extrahepatic metastases
associated with NETSs.

As a limitation of this study, the retro-
spective design should be mentioned. Fur-
thermore, a comparison with other imaging
methods such as MRI or scintigraphy would
have been interesting but has not been done.
This will be subject to further investigation.

In conclusion, it can be said that an indi-
vidualized approach should be taken when
staging NETs. Our results showed that IdCT
imaging was inferior to that of ceCT, espe-
cially for identifying lymph node metasta-
ses (though not so much for bone lesions).
Therefore, ceCT should not be omitted
from clinical screening. A ceCT scan can
also be used for follow-up to reduce radi-
ation exposure when a patient has already
undergone a PET/ceCT scan and suffers
from non-DOTATATE-avid NET. These results
need to be confirmed in a prospective trial.
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