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Abstract
Background The aim of this retrospective study was to compare the diagnostic accuracy of somatostatin receptor 
(SSR)-PET/CT to liver MRI as reference standard in the evaluation of hepatic involvement in neuroendocrine tumors 
(NET).

Methods An institutional database was screened for “SSR” imaging studies between 2006 and 2021. 1000 NET 
Patients (grade 1/2) with 2383 SSR-PET/CT studies and matching liver MRI in an interval of +3 months were 
identified. Medical reports of SSR-PET/CT and MRI were retrospectively evaluated regarding hepatic involvement 
and either confirmed by both or observed in MRI but not in SSR-PET/CT (false-negative) or in SSR-PET but not in MRI 
(false-positive).

Results Metastatic hepatic involvement was reported in 1650 (69.2%) of the total 2383 SSR-PET/CT imaging studies, 
whereas MRI detected hepatic involvement in 1685 (70.7%) cases. There were 51 (2.1%) false-negative and 16 (0.7%) 
false-positive cases. In case of discrepant reports, MRI and PET/CT were reviewed side by side for consensus reading. 
SSR-PET/CT demonstrated a sensitivity of 97.0% (95%CI: 96.0%, 97.7%), a specificity of 97.7% (95%CI: 96.3%, 98.7%), 
a PPV of 99.0% (95%CI: 98.4%, 99.4%) and NPV of 93.0% (95%CI: 91.0, 94.8%) in identifying hepatic involvement. The 
most frequent reason for false-negative results was the small size of lesions with the majority < 0.6 cm.

Conclusion This study confirms the high diagnostic accuracy of SSR-PET/CT in the detection of hepatic involvement 
in NET patients based on a patient-based analysis of metastatic hepatic involvement with a high sensitivity and 
specificity using liver MRI imaging as reference standard. However, one should be aware of possible pitfalls when a 
single imaging method is used in evaluating neuroendocrine liver metastases in patients.
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Background
Neuroendocrine tumors (NETs) are relatively rare malig-
nancies and thought to arise from cells throughout the 
diffuse endocrine system [1, 2]. Well-differentiated NETs 
are characterized by an indolent clinical course and rela-
tively good prognosis [3, 4]. Nevertheless, patients at first 
diagnosis often present with locally advanced disease 
or distant metastases, with the liver as the most com-
mon site of metastatic disease [5, 6]. Neuroendocrine 
liver metastases (NELMs) cause significant impairment 
in quality of life and are one of the most important fac-
tors for long-term survival of NET patients [1, 7–10]. 
Therefore, the optimal management of the NELM is of 
utmost importance and accurate imaging is essential for 
assessing resectability, determining liver-targeted thera-
pies, and monitoring remission. According to the World 
Health Organization (WHO), tumor classification of 
NETs is based on the proliferation index (KI-67) in grade 
1, 2 and 3 [11]. Grade 1 and low Grade 2 NETs have high 
somatostatin receptor (SSR) expression, specifically the 
SSR subtype 2, in their cell membrane (80–95%), whereas 
grade 3 NETs show higher glucose metabolism and less 
SSR-expression [7, 12]. Thus, a high sensitivity of SSR-
based PET/CT has been reported in G1 and G2 NETs 
with lower KI-67, while in G2 NETs with higher KI-67 
and in G3 NETs the sensitivity of SSR-based PET/CT is 
substantially decreasing [13–15]. For diagnostic and ther-
apeutic purposes, the affinity of radiolabelled somatosta-
tin-analogues (SSR-analogues: e.g., 68Ga-DOTATATE, 
68Ga-DOTATOC) to SSR forms the basis for the use of 
SSR-PET/CT (positron emission tomography/computed 
tomography) [15–17]. While conventional cross-sec-
tional imaging represented the method of choice in NET 
patients for many years, SSR-PET/CT is increasingly used 
in staging, preoperative imaging and restaging and is rec-
ommended by many expert groups such as the National 
Comprehensive Cancer Network (NCCN), the European 
Neuroendocrine Tumor Society (ENETS), the European 
Association of Nuclear Medicine (EANM),the Euro-
pean Society of Medical Oncology (ESMO) and various 
national guidelines [5, 18–23]. Moreover, sufficient SSR-
expression makes the patient eligible for peptide receptor 
radionuclide therapy [23, 24]. However, in the detection 
of NELMs MRI of the liver represents a well-established, 
widely used method and is particularly preferred in initial 
staging and preoperative diagnostic workup. Multipara-
metric MRI with i.v. hepatocyte-specific contrast agent, 
especially with repeated acquisitions using multiple 
sequences (dynamic contrast-enhanced MRI), including 
diffusion-weighted imaging (DWI) is considered the first 
choice for imaging to evaluate hepatic involvement and is 
particularly advantageous in young patients as there is no 
radiation exposure [25, 26]. However, there is a group of 
patients who cannot receive MRI to evaluate the liver due 

to contraindications (e.g. pacemakers, metal fragments) 
or claustrophobia. The aim of this study was to compare 
the diagnostic accuracy of SSR-PET/CT to multipara-
metric liver MRI as reference standard in the evaluation 
of hepatic involvement in neuroendocrine tumors.

Methods
This study, which was conducted according to the Hel-
sinki Declaration of 2013, was approved by the Ethics 
Committee of the Medical Faculty of the Ludwig Maxi-
milian University Munich. Informed patient consent was 
waived due to the retrospective nature of the study.

Study design and patient cohort
Our institutional database was screened for the term 
“SSR” imaging studies between 2006 and 2021 and a total 
of 8077 results were found. These imaging studies were 
assigned to a total of 2605 patients. All studies listed mul-
tiple times to one patient, studies of patients < 18 years or 
of other entities than G1/G2 NETs of the aerodigestive 
tract (e.g., meningioma, paraganglioma) were excluded. 
Of the therefore remaining 1570 patients, exactly 1000 
patients received at least one MRI of the liver within 3 
months after a matching SSR-PET/CT study. Due to the 
possibility of analysing matching examinations of one 
patient from more than one time point, a total of 2383 
SSR-PET/CT imaging studies and matching multipara-
metric MRIs of the liver were included in the final anal-
ysis. Multiparametric MRI imaging was regarded as the 
reference standard.

We retrospectively investigated the medical reports of 
all SSR-PET/CT and multiparametric MRI examinations 
included in this study regarding patient-based meta-
static hepatic involvement. Therefore, medical reports of 
SSR-PET/CT and MRI were retrospectively classified as 
hepatic involvement and non-hepatic involvement. Med-
ical reports were created as follows in our clinical routine: 
SSR-PET/CTs were evaluated by four readers: one expe-
rienced and board-certified radiologist, one experienced 
and board-certified nuclear medicine physician, one radi-
ology resident, and one nuclear medicine resident. MRI 
was analysed by an experienced, board-certified radi-
ologist and a radiology resident. Hepatic-/non-hepatic 
involvement was either confirmed by both, SSR-PET/CT 
and MRI, or described in MRI but not in SSR-PET/CT 
(false-negative) or in SSR-PET/CT but not in MRI (false-
positive). In case of divergent medical reports, additional 
imaging studies - and in unclear solitary lesions addi-
tional pathological reports - were reviewed side by side 
by an independent reader to find the underlying reason 
and reach final consensus. Patient selection is presented 
in Fig. 1.
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SSR-PET/CT imaging
SSR-PET/CT scans were acquired on a Discovery 64-slice 
PET/CT scanner (GE Healthcare) (n = 33) or a Biograph 
64 TruePoint w/TrueV and Biograph mCT Flow 20-4R 
PET/CT scanner (Siemens, Healthcare GmbH, Erlangen, 
Germany) (n = 2350) and were initiated approximately 
60  min after intravenous administration of a standard 
amount of approx. 180 MBq radiolabelled somatostatin 
analogues (68Ga-DOTATOC and 68Ga-DOTATATE). 
After intravenous injection of contrast agent 1.5 times 
the body weight (Ultravist 300, Bayer Vital GmbH, 
Leverkusen, Germany or Imeron 350  mg/mL, 2.5 ml/s, 
Bracco Imaging Deutschland GmbH, Konstanz, Ger-
many) diagnostic venous-phase CT scans of the neck, 
thorax, abdomen, and pelvis (100–190 mAs; 120  kV) 
were acquired. Patients received diagnostic CT scan 

without contrast enhancement in case of known allergic 
reactions to iodinated contrast agent, renal impairment/
failure or hyperthyreoidism. Imaging construction was 
automatically performed using built-in software. 3 mm-
slice reconstructions were used for reading.

MR imaging
Multiparametric MR examinations were mainly per-
formed on a 1.5 (Magnetom Avanto, Magnetom Aera, 
Siemens Healthcare, Erlangen, Germany; Ingenia S, Phil-
ips Healthcare, Hamburg, Germany) and occasionally on 
a 3 T MR system (Verio, Skyra, Vida, Siemens Health-
care, Erlangen, Germany; Ingenia, Philips Healthcare, 
Hamburg, Germany) using a phased-array-coil for signal 
reception. The usual liver imaging protocol contained 
unenhanced T1w gradient-echo (GRE) sequences in- and 

Fig. 1 Flow chart of patient selection
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out-of-phase, a single shot T2w sequence, a T1w 3D GRE 
sequence with fat suppression (fs) before and 20, 50, 
and 120 s after intravenous contrast injection (Gd-EOB-
DTPA; Primovist, Eovist, Bayer Schering Pharma, Ger-
many; 25  mol/kg body weight), a multishot T2w turbo 
spin echo sequence (fs), diffusion-weighted sequences 
with b-values of at least 50, and 800 s/mm2, and a T1w 
GRE (fs) and a T1w 3D GRE (fs) after 15 min delay (hepa-
tobiliary phase). All sequences were acquired with paral-
lel imaging with an acceleration factor of 2. ADC maps 
were calculated with all b-values.

Statistical analysis
All continuous variables were expressed as mean and 
standard deviation (SD). For statistical analysis, diagnos-
tic accuracy of SSR-PET/CT was tested using sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV). Chi-squared test was used to 
compare the frequency of false-positive and false-nega-
tive findings. Additionally, exact 95% confidence intervals 
(CI) were calculated for all values.

Results
Of the 1000 patients enrolled in this study, 469 were 
female (47%) and 531 were male (53%). The mean age at 
first PET/CT scan was 58.6 ± 13.1 years (range: 18 to 88 
years). The most frequent location of primary NET was 
gastroenteropancreatic (GEPNET; n = 856, 86%), followed 
by the lung (n = 54, 5%), carcinoma of unknown origin 
(CUP; n = 51, 5%) and other (n = 39, 4%). The adminis-
tered SST-analogs in the performed SSR-PET/CT scans 
were 68Ga-DOTATATE (65%) or 68Ga-DOTATOC 
(35%).

Hepatic involvement
A total of 2383 studies were analysed. Hepatic involve-
ment was confirmed by MRI in 1685 (71%) cases. SSR-
PET/CT identified hepatic involvement in 1650 (69%) 
cases. An overview is shown in Table 1.

Hepatic involvement detected by MRI without findings in 
SSR-PET/CT (false-negative)
In 51 (2.1%) cases, hepatic involvement was reported 
in the MRI without corresponding findings in the SSR-
PET/CT scan (false-negative). The most frequent reason 
for the lack of SSR-uptake in the SSR-PET/CT was the 

small size of lesions in patients with overall low hepatic 
involvement (n = 36), with mostly lesions < 0.6 (n = 30), 
and very few lesions with 0.7  cm (n = 3) and 1.2  cm 
(n = 3) measured in the MRI. In patients with low hepatic 
involvement and liver lesions located subcapsular, SSR-
uptake could not be found in 6 cases. In 3 SSR-PET/CT 
scans, liver lesions were located close to the central hilar 
vessels and were rated falsely as vascular-associated SSR-
uptake. In 2 SSR-PET/CT scans of patients with NET 
of the intestine, SSR-uptake of the liver metastases was 
low and rated as non-malignant. In one further scan, 
a hepatic metastasis with low SSR-uptake was stated as 
haemangioma. In 2 SSR-PET/CT scans, no SSR-uptake 
was reported but could be detected retrospectively corre-
lating to the hepatic metastases detected by the MRI. In 
one patient with a 1.5 cm liver lesion, SSR-uptake could 
only be detected retrospectively due to high background 
noise of the liver. A summary of false-negative findings 
is presented in Table 2. An example for a false-negative 
finding in SSR-PET/CT is demonstrated in Fig. 2.

Hepatic findings in SSR-PET/CT without correlate in MRI 
(false-positive)
In 16 (0.7%) cases, SSR-PET/CT showed SSR-uptake 
in the liver without any correlating findings in the cor-
responding MRI (false-positive). Retrospectively, we 
analysed following reasons underlying the false positive 
findings: in 4 cases haemangiomas were identified in the 
MRI with low SSR-uptake in SSR-PET/CT. In another 4 
cases liver cysts were detected in the MRI showing low, 
partly artificial SSR-uptake in SSR-PET/CT, partly due to 
insufficient co-registration. In 6 SSR-PET/CTs artificial 
SSR-uptake, e.g., vascular-associated SSR-uptake (Fig. 3), 
was found in the SSR-PET/CT without any correspond-
ing findings in the MRI. In 2 cases extrahepatic physio-
logical SSR-uptake (of stomach and small bowel) directly 
adjacent to the liver was falsely identified as hepatic 

Table 1 Hepatic involvement detected by MRI and/or SSR-PET/
CT

MRI
SSR-PET/CT positive negative Ntotal

positive 1634 16 1650

negative 51 682 733

Ntotal 1685 698 2383

Table 2 False-negative findings in SSR-PET/CT
N Finding in MRI Finding in SSR-PET/

CT
36 small lesions < 1.2 cm no SSR-uptake

6 low hepatic involvement, lesions located 
subcapsular

no SSR-uptake

3 lesions located close to the big vessels SSR-uptake rated as 
vascular-associated

2 low hepatic involvement with small 
lesions

low SSR-uptake rated 
as non-malignant

1 low hepatic involvement with small 
lesions

low SSR-uptake rated 
as haemangioma

2 low hepatic involvement with small 
lesions and insufficient co-registration of 
PET and CT

no SSR-uptake

1 high background noise of the liver no SSR-uptake
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uptake due to insufficient co-registration. False-positive 
findings are demonstrated in Table 3.

False-negative findings were statistically significantly 
more frequent than false-positive findings (p < 0.01).

Diagnostic accuracy of SSR-PET/CT
A total of 2383 SSR-PET/CT imaging studies were clas-
sified by the reference standard to calculate sensitivity 
and specificity. SSR-PET/CT reading showed a sensitiv-
ity of 97.0% (95%CI: 96.0%, 97.7%), a specificity of 97.7% 
(95%CI: 96.3%, 98.7%), a PPV of 99.0% (95%CI: 98.4%, 
99.4%) and a NPV of 93.0% (95%CI: 91.0, 94.8%) for the 
detection of hepatic involvement in NET patients. Kappa 
for diagnostic accuracy was κ = 0.93 (95%CI: 0.92, 0.95).

Discussion
Liver metastases in patients with NET are an indicator 
for poor prognosis and markedly reduced survival, which 
makes accurate staging of these patients crucial for best 
clinical management [7, 27–29]. Cross-sectional imaging, 
in particular multiparametric MRI imaging of the liver, 
represents the reference standard in the diagnosis, stag-
ing and restaging of NELMs [5]. SSR-PET/CT is recom-
mended in all patients with grade 1 and grade 2 NET of 
the gastroenteropancreatic system and lung-NETs [19]. 
However, studies evaluating the diagnostic performance 
of SSR-PET/CT in the detection of NET hepatic involve-
ment using multiparametric liver MRI as reference stan-
dard are lacking.

Our results demonstrate that SSR-PET/CT provides 
very high sensitivity (97.0%) and specificity (97.7%) in the 
detection of patient-based metastatic hepatic involve-
ment in NET patients compared to the reference imaging 
modality multiparametric MRI with a high PPV (99.0%) 
and NPV (93.0%). Small series of NET patients have 
analyzed lesion-based metastatic hepatic involvement 
and reported a higher sensitivity of MRI imaging of the 
liver compared to SSR-PET/CT [30]. Armbruster et al. 
demonstrated higher diagnostic accuracy of 68Ga-DOT-
ATATE-PET/CT parameters in distinction of NELMs 
and liver tissue compared to dynamic-contrast-enhanced 

Table 3 False-positive findings in SSR-PET/CT
N Finding in MRI Finding in SSR-PET/CT
4 haemangioma low SSR-uptake

4 liver cysts low, artificial SSR-uptake/ insuffi-
cient co-registration of PET and CT

6 no hepatic findings artificial SSR-uptake (e.g. 
vascular-associated)

2 no hepatic findings extrahepatic physiological SSR-
uptake directly adjacent to liver

Fig. 3 False-positive PET finding in a 65-year-old man with a NET of the caecum. In the contrast-enhanced CT (left) no suspicious findings of the liver 
were detected; on PET (middle) focal SSR-uptake above SSR-uptake of liver parenchyma was detected on hepatobiliary phase MRI (right), no suspicious 
liver lesions were found, most likely due to bile duct-associated SSR-uptake.

 

Fig. 2 False-negative PET finding in a 52-year-old woman with a NET of the ileum. In the contrast-enhanced CT (left) no suspicious findings of the liver 
were detected; on PET (middle) no pathological SSR-uptake above the physiological SSR-uptake of liver parenchyma was detected. On hepatobiliary 
phase MRI (right), small liver metastases with overall low hepatic tumor burden were clearly delineated (arrows)

 



Page 6 of 9Grawe et al. Cancer Imaging           (2023) 23:41 

MRI perfusion parameters; of note, highest accuracy was 
reached with the combination of both, as information of 
modalities is complementary [31]. Sadowski et al. exam-
ined the clinical utility of 68Ga-DOTATATE imaging for 
detecting unknown primary tumors and metastatic dis-
ease in a prospective study of 131 patients with suspected 
or known GEPNETs and compared it inter alia to CT/
MRI. 68Ga-DOTATATE PET/CT had a detection rate of 
95.2% compared with detection rates of 45.6% and 30.9% 
for anatomic imaging and patient management recom-
mendations was altered in 32.8% of patients [32].

SSR-PET/CT imaging has a major impact on patients’ 
clinical management, as demonstrated in previous stud-
ies. Frilling et al. reported on the role of SSR-PET/CT in 
detection/staging of NET and altered treatment decisions 
in more than every second patient (31/52; 59.6%) com-
pared to CT and/or MRI alone [33]. This was also the 
case in a study conducted by Hofman et al., who reported 
on a change in treatment plan in 47% of patients with 
NET after PET/CT imaging [34]. In concordance, man-
agement was changed in more than one third of patients 
undergoing SSR-PET/CT in a meta-analysis by Barrio et 
al. [35]. Furthermore, SSR-PET/CT offers a cost-effective 
imaging method modality that can be performed in one 
pass for detection of primary lesion and metastases and 
potentially save therapy costs due to early and time effec-
tive whole-body imaging [36, 37].

SSR-expression makes NET lesions not only targets for 
functional imaging but also selects patients for targeted 
therapy (peptide receptor radionuclide therapy, PRRT), 
which represents a systemic treatment option in inoper-
able, metastatic NET patients; the extent of SSR-expres-
sion in SSR-PET/CT indicates patients’ eligibility for 
treatment [38]. Large studies, such as the NETTER-1 trial 
demonstrated that PRRT lengthens the progression-free 
survival, time to health-related quality of life deteriora-
tion and increases survival probability [24, 39, 40].

However, since surgical treatment represents the only 
potentially curative treatment option in NET patients, 
accurate assessment of the extent of metastatic burden 
with regard to resectability has significant impact on clin-
ical patient management, as well in primary tumor resec-
tion as in hepatobiliary surgery of NELMs [10, 27, 41].

Therefore, despite many advantages, some pitfalls and 
physiological processes regarding SSR-uptake in SSR-
PET/CT must be considered. In our retrospective study 
analyzing patient-based metastatic hepatic involvement, 
the most frequent reason for negative SSR-PET/CT 
results was low spatial resolution of SSR-PET/CT com-
pared to MRI in patients with low hepatic tumor burden 
and small liver lesions (< 1.2 cm). In patients with limited 
hepatic disease, it is known that MRI can be more sen-
sitive for the detection of sub-centimeter liver metasta-
ses and should be performed in these cases in order to 

prevent hampering accurate staging of NET patients 
[34, 42, 43]. Moreover, MRI is free of ionizing radia-
tion, which is especially advantageous in young patients 
[25, 26, 44]. Important to mention, according to ENETS 
consensus guidelines a hepatocyte-specific contrast-
enhanced dynamic MRI should be performed including 
DWI, latter one known for its important role in oncologi-
cal imaging offering a high lesion-to-background con-
trast in tumors and consequently increased diagnostic 
accuracy of especially small liver metastases [5, 45].

We observed that in patients with low hepatic involve-
ment, beside the missing SSR-uptake, liver lesions were 
also not detectable in the contrast-enhanced CT of com-
bined SSR-PET/CT images. This is in line with previous 
studies showing high sensitivity in NET only for multi-
phase CT (arterial, portal-venous and venous-phases), 
which is not standard clinical practice [46, 47].

Furthermore, it should be noted that unspecific, physi-
ological SSR-uptake for example of the liver, small and 
large intestine and stomach might represent a potential 
source of false results in the detection of hepatic involve-
ment in NET patients in the SSR-PET/CT [34]. Our study 
showed that in some patients, pathological SSR-uptake 
of liver metastases located close to organs with physi-
ological SSR-uptake were falsely rated as non-malignant 
and vice versa extrahepatic physiological SSR-uptake (of 
stomach and small bowel) directly adjacent to the liver 
was falsely identified as pathological hepatic SSR-uptake. 
The same was observed for liver lesions close to the cen-
tral hepatic vessels, where SSR-uptake was mistaken 
for vascular-associated uptake. Furthermore, in some 
cases exact co-registration of the combined PET and CT 
should be performed carefully to at least minimize the 
error rate in this regard. However, our results show that 
these cases occur very rarely.

False-negative findings were significantly more fre-
quent than false-positive findings which emphasizes the 
high specificity of SSR-PET/CT [48]. SSR tracers show 
high affinity to somatostatin 2 and 5 receptors, which are 
overexpressed in NET. The higher false-negative rate is to 
be explained mainly due to the above-mentioned small 
sub-centimeter lesion size which was under the detec-
tion rate of the PET-study. by the above-mentioned rate 
of small sub-centimeter lesions.

We encountered only 3 patients with well-differen-
tiated NET (Ki-67 2%) and low SSR-uptake of hepatic 
involvement. Higher-grade NETs and neuroendocrine 
carcinomas tend to have absent or low SSR-expression, 
leading to false-negative results. Although this was not 
the case in our study, the possibility of dedifferentiation 
in the clinical course of the disease must be considered 
in patients with low SSR-uptake (“flip-flop” phenome-
non) and 18 F-FDG-PET/CT might be additionally per-
formed for non-invasive histopathologic grading [49]. 
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Furthermore, it is known that not all cells in the NET 
tumor mass show same differentiation levels resulting in 
not just intertumoral but also intratumoral heterogene-
ity resulting in variable SSR-uptake [13, 50]. For example, 
in insulinomas only relatively low sensitivity (64–67%) 
of 68Ga-PET/CT has been reported and was higher in 
malignant than in benign insulinomas [51, 52].

To our knowledge, this study represents the largest 
retrospective patient cohort evaluating patient-based 
metastatic hepatic involvement in SSR-PET/CT scans 
with validation in the reference imaging multipara-
metric MRI of the liver. There are a few limitations of 
this study. Firstly, this was a retrospectively conducted 
single-center study and histopathological confirmation 
was not given in all patients. In addition, expert reading 
was not blinded since medical reports were generated 
in clinical routine. SST-analogues (68Ga-DOTATATE, 
68Ga-DOTA-TOC) varied with patients and examina-
tion. However, previous studies reported on no differ-
ences in diagnostic accuracy evaluating the sensitivities 
and uptake values among SSR-ligands, even regarding 
tumor origin or tumor grading [53–55]. The effective 
dose of both radiopharmaceuticals is comparable, which 
makes them even comparable from a radiation dosimetry 
point of view [56]. Furthermore, this retrospective chart 
analysis only compared patient-based sensitivity and 
not lesion-based sensitivity of SSR-PET/CT versus mul-
tiparametric MRI of the liver. While most NELMs were 
detected by SSR-PET/CT analyzing patient-based meta-
static hepatic involvement, smaller studies based on a 
per lesion analysis have reported a higher detection rate 
of smaller NELMs by MRI. In a small study cohort of 32 
NET patients, a lesion-based analysis of liver metasta-
ses was performed in 68Ga-DOTATATE PET and com-
pared with CT or MRI. 68Ga-DOTATATE PET appeared 
to be at least equivalent or even superior to MRI or CT 
in the detection of NET liver metastases [30]. However, 
our data presented possible pitfalls and cases (e.g., small 
liver lesions, low tumor burden) in which MRI remains 
the essential diagnostic tool. The highest accuracy has 
been reported with the combination of multiparametric 
MRI liver and SSR-PET/CT as information of modali-
ties is complementary [31]. Accordingly, a recent meta-
analysis reported superior sensitivity of SSR-PET/MRI in 
comparison to SSR-PET/CT in the detection of NELMs 
[57]. Thus SSR-PET/CT and multiparametric MRI liver 
is recommended in patients with NETs, especially before 
evaluation for surgery.

Conclusion
This study confirms the high diagnostic accuracy of SSR-
PET/CT in the detection of hepatic involvement in NET 
patients based on a patient-based analysis of metastatic 
hepatic involvement with a high sensitivity and specificity 

using multiparametric liver MRI imaging as reference 
standard. SSR-PET/CT represents an important diag-
nostic tool and should be part of NET tumor staging and 
restaging. Moreover, it can serve as a stand-alone exami-
nation without high information loss in patients who 
cannot receive MRI. However, one should be aware of 
possible pitfalls when a single imaging method is used in 
evaluating neuroendocrine liver metastases in patients.
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