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Abstract

PURPOSE: Several articles have demonstrated the high diagnostic performance of somatostatin 
receptor positron emission tomography (PET) in patients with neuroendocrine tumours (NETs). 
On the other hand, only a few studies have evaluated the detection rate (DR) of this imaging 
method in recurrent medullary thyroid carcinoma (MTC). We aimed to perform a systematic 
review and a meta-analysis of the DR of somatostatin receptor PET or PET/CT in patients with 
recurrent MTC to add evidence-based data to this setting. METHODS: A comprehensive com-
puter literature search of studies published in PubMed/MEDLINE and the Cochrane Library 
Database through May 2017 and regarding somatostatin receptor PET or PET/CT in patients 
with recurrent MTC was carried out. DR was determined on a per patient-basis. A sub-analysis 
considering serum calcitonin (Ctn) values was also performed. RESULTS: Nine studies on the 
diagnostic performance of somatostatin receptor PET or PET/CT in detecting recurrent MTC 
were discussed in the systematic review. The meta-analysis of these selected studies provided the 
following DR on a per patient-based analysis: 63.5% [95% confidence interval (95%CI): 49-77]. 
Heterogeneity among the selected studies was found. DR of somatostatin receptor PET or PET/
CT increased in patients with higher serum Ctn levels (83% for Ctn >500 ng/L). CONCLU-
SIONS: In patients with recurrent MTC, somatostatin receptor PET or PET/CT demonstrated 
a non-optimal DR which increased in patients with higher serum Ctn values. The diagnostic 
performance of somatostatin receptor PET or PET/CT in recurrent MTC is lower compared 
to that of the same imaging method in the majority of NETs.

Key words: Gallium, Medullary thyroid carcinoma, Positron emission tomography, PET/CT, So-
matostatin, Thyroid cancer

Review

HORMONES 2017, 16(4):362-372

Address for correspondence:
Giorgio Treglia, MD, MSc (HTA), Nuclear Medicine and PET/CT Center, Oncology Institute of Southern Switzerland, Via Ospedale 12, 
Zip code 6500, Bellinzona, Switzerland; Tel.: +41 918118919; Fax: +41 918118250, E-mail: giorgio.treglia@eoc.ch
Received: 28-08-2017, Accepted: 20-10-2017



Somatostatin receptor PET and recurrent MTC	  363   

Introduction

Medullary thyroid carcinoma (MTC) is a neuro-
endocrine tumour (NET) originating from the neural 
crest-derived parafollicular C cells and accounting 
for approximately 1-2% of thyroid cancers. MTC 
may occur either sporadically or in a hereditary form 
as a component of the type 2 multiple endocrine 
neoplasia (MEN2) syndromes.1 MTC is frequently 
an aggressive tumour with a high rate of metastatic 
spread and recurrence.1

The pivotal role of imaging in MTC patients is 
to determine the optimal treatment. The main treat-
ment for MTC is surgical resection, which is the 
only strategy offering a potential cure.1 Different 
morphological and functional imaging methods may 
be used in patients with MTC both in preoperative 
staging and for detecting persistent/recurrent disease 
after initial surgical treatment.1

In the post-operative setting, conventional morpho-
logical imaging modalities can often be negative or 
inconclusive in the presence of rising serum levels of 
MTC markers such as serum calcitonin (Ctn). There-
fore, functional radionuclide imaging using different 
radiopharmaceuticals was explored as a way to detect 
persistent/recurrent MTC, though its role in the initial 
staging of MTC seems limited.2,3 Several radiophar-
maceuticals evaluating different metabolic pathways 
or receptor status can be used as positron emission 
tomography (PET) tracers in detecting MTC lesions, 
including fluorine-18-fluorodeoxyglucose (18F-FDG), 
fluorine-18-dihydroxyphenylalanine (18F-DOPA) and 
somatostatin analogues labelled with Gallium-68.4-8

NETs usually overexpress somatostatin receptors 
on their cell surface and this represents the rationale 
for using several somatostatin analogues labelled with 
the positron emitter Gallium-68 (i.e. 68Ga-DOTANOC, 
68Ga-DOTATOC or 68Ga-DOTATATE) for the diagnosis 
of these tumours by using PET. Somatostatin recep-
tor PET is a valuable diagnostic tool displaying high 
diagnostic performance in the majority of patients with 
NETs, as demonstrated by several meta-analyses.9-13 
Nevertheless, experience with somatostatin receptor 
PET in recurrent MTC is limited compared to other 
NETs. Furthermore, while previous evidence-based 
articles have assessed the detection rate (DR) of PET 
using 18F-FDG14,15 and 18F-DOPA16,17 in recurrent 

MTC, a meta-analysis evaluating the DR of somato-
statin receptor PET in recurrent MTC is still lacking. 
Therefore, we aimed to perform a systematic review 
and a meta-analysis on the DR of somatostatin recep-
tor PET or PET/computed tomography (PET/CT) in 
patients with recurrent MTC to add evidence-based 
data to this setting.

Methods

This meta-analysis was performed according to the 
“Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses” (PRISMA) statement which de-
scribes an evidence-based minimum set of items for 
reporting in systematic reviews and meta-analyses.18 
Furthermore, specific suggestions for meta-analyses 
of diagnostic accuracy studies were followed.19

Search strategy
A comprehensive computer literature search of 

PubMed/MEDLINE and Cochrane Library Databases 
was conducted to find relevant published articles on 
the diagnostic performance of somatostatin receptor 
PET in evaluating patients with recurrent MTC. We 
used a search algorithm that was based on a combina-
tion of these terms: A) medullary OR thyroid and b) 
Ga OR Gallium OR DOTA* OR somatostatin and c) 
PET OR positron emission tomography. No begin-
ning date limit was used. The literature search was 
updated until May 31st, 2017. No language restriction 
was applied. To expand our search, references of the 
retrieved articles were also screened for additional 
studies.

Study selection
Studies or subsets in studies investigating the 

diagnostic performance of somatostatin receptor 
PET in patients with recurrent MTC were eligible 
for inclusion in the qualitative analysis (systematic 
review). The exclusion criteria were: a) articles not 
within the field of interest of this review; b) review 
articles, editorials or letters, comments, conference 
proceedings; c) case reports.

For the quantitative analysis (meta-analysis) we 
excluded studies with insufficient data to reassess the 
diagnostic performance.

Two researchers (GT and AT) independently re-
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viewed the titles and abstracts of the retrieved articles, 
applying the inclusion and exclusion criteria mentioned 
above. Articles were rejected if they were clearly 
ineligible. The same two researchers then indepen-
dently reviewed the full-text version of the remaining 
articles to determine their eligibility for inclusion. 
Disagreements were resolved in a consensus meeting.

Data extraction
For each included study, information was col-

lected concerning basic study (authors, year of pub-
lication, country of origin, study design), patient 
characteristics (mean age, sex ratio, number of MTC 
patients performing PET, sporadic or familial form 
of MTC), technical aspects (device used, type of 
radiopharmaceutical and mean injected activity, time 
between radiopharmaceutical injection and image 
acquisition, image analysis, other imaging methods 
performed or compared with somatostatin recep-
tor PET such as ultrasound, computed tomography, 
magnetic resonance imaging, somatostatin receptor 
scintigraphy, metaiodobenzylguanidine scintigraphy, 
bone scintigraphy, pentavalent dimercaptosuccinic 
acid scintigraphy, 18F-DOPA PET, 18F-FDG PET) and 
applied reference standard. For each included study, 
the number of patients with recurrent MTC detected 
by somatostatin receptor PET was recorded. Patients 
evaluated using somatostatin receptor PET before 
surgery were excluded from the analysis.

Quality assessment
The 2011 Oxford Centre for Evidence-Based Medi-

cine checklist for diagnostic studies was used for 
the quality assessment of the included studies. This 
checklist has five major parts as follows: representative 
spectrum of the patients, consecutive patient recruit-
ment, ascertainment of the gold standard regardless of 
the index test results, independent blind comparison 
between the gold standard and index test results, suf-
ficient explanation of the test to permit replication.20

Statistical analysis
DR of somatostatin receptor PET was calculated on 

a per patient-based analysis. DR was determined from 
the number of patients with recurrent MTC (based on 
increased serum Ctn values after surgery) detected 
by somatostatin receptor PET or PET/CT (A) and the 
number of patients performing somatostatin recep-

tor PET or PET/CT (B), according to the following 
formula: DR = (A)/(B). Two sub-analyses consider-
ing serum Ctn values >500 ng/L and type of study 
(prospective versus retrospective) were performed. 
We used a random effect model for statistical pooling 
of the data. Pooled data were presented with 95% 
confidence intervals (95% CI). A I-square statistic was 
performed to test for heterogeneity between studies. 
Statistical analyses were performed using StatsDirect 
statistical software version 3.1 (Altrincham, UK).

Results

Literature search
The comprehensive computer literature search 

from PubMed/MEDLINE and the Cochrane Database 
revealed 241 articles. Reviewing titles and abstracts, 
232 articles were excluded: 192 because not in the field 
of interest of this review, 29 as reviews, editorials or 
letters, 11 as case reports. Nine articles were selected 
and retrieved in full-text version.21-29 No additional 
studies were found screening the references of these 
articles. All nine articles eligible for the qualitative 
analysis (systematic review) were included in the 
quantitative analysis (meta-analysis) because all had 
sufficient data to assess the diagnostic performance 
of somatostatin receptor PET (Figure 1). The char-

Figure 1. Flow chart of the search for eligible studies on the 
diagnostic performance of somatostatin receptor PET in patients 
with recurrent MTC.
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acteristics of the nine selected studies are presented 
in Tables 1-4.

Qualitative analysis (systematic review)
Using the database search, nine full-text articles 

written over the past eight years and including 152 
patients with recurrent MTC were selected.21-29 Six 
articles were retrospective (67%) and three were 
prospective (33%). Several countries of Europe, Asia 
and America were represented. Concerning the sex 
ratio, the mean percentage of male patients in the 
selected studies was approximately 52.5% (Table 1).

Heterogeneous technical aspects among the in-
cluded studies were found about somatostatin receptor 
PET. Most studies used a hybrid PET/CT device to 
evaluate patients with recurrent MTC; only one study 
used PET alone (Table 2).

Regarding the radiopharmaceuticals used, several 
somatostatin analogues labelled with Gallium-68 
were injected (68Ga-DOTATATE, 68Ga-DOTANOC, 
68Ga-DOTANOC, 68Ga-DOTALAN) in the included 
studies. The injected activity ranged from 72 MBq 
to 222 MBq, while the mean time from radiophar-
maceutical injection and PET acquisition ranged 
from 45 to 90 minutes. The PET image analysis 
was performed by using qualitative (visual) analy-
sis in all articles considering as abnormal areas of 
increased radiopharmaceutical uptake beyond the 
sites of physiological uptake and excretion. Semi-

quantitative analysis based on the calculation of 
maximal standardized uptake values (SUVmax) of 
the lesions was performed in some articles. All the 
included articles used a combined reference standard 
based on pathology or imaging or clinical/biochemi-
cal/imaging follow-up data (Table 2).

The other imaging modalities performed in the 
included studies were quite different (Table 2). Most 
articles used somatostatin receptor PET or PET/CT 
in patients with recurrent MTC (based on increasing 
serum tumour marker levels) and negative conven-
tional imaging techniques.

The diagnostic performance of somatostatin re-
ceptor PET in recurrent MTC was usually compared 
to that of other functional imaging techniques in this 
setting.

In seven articles somatostatin receptor PET find-
ings in recurrent MTC patients were compared with 
those of 18F-FDG PET or PET/CT with conflicting 
results.22-26,28,29 Most studies did not find any significant 
differences in the diagnostic performance of soma-
tostatin receptor PET/CT and 18F-FDG PET or PET/
CT;23-26,29 only one study found a s  ignificantly higher 
diagnostic performance of somatostatin receptor PET 
compared to 18F-FDG PET/CT.22

Only one study compared the diagnostic perfor-
mance of somatostatin receptor PET/CT with 18F-DOPA 
PET/CT in recurrent reporting a significantly lower 

Table 1. Basic study and patient characteristics
Authors Year Country Study design Patients 

performing 
somatostatin 
receptor PET  
or PET/CT

Mean age 
(years)

%Male Type of MTC patients

Yamaga et al21 2017 Brazil Prospective 15 43.6 46.6% 10 SP, 4 MEN2A, 1 MEN2B
Tran et al22 2015 UK Retrospective 7 45 42.8% NR
Ozkan et al23 2015 Turkey Retrospective 22 42.9 50% 17 SP, 4 MEN2A, 1 MEN2B
Traub-Weidinger et al24 2015 Austria Retrospective 8 NR NR NR
Treglia et al25 2012 Italy Retrospective 18 53.1 33.3% 16 SP, 1 MEN2A, 1 MEN2B
Naswa et al26 2012 India Prospective 52 44.7 73% NR
Lapinska et al27 2011 Poland Retrospective 4 NR NR NR
Palyga et al28 2010 Poland Prospective 8 55.6 50% NR
Conry et al29 2009 UK Retrospective 18 54 72.2% 18 SP
NR: not reported; SP: Sporadic MTC; MEN: multiple endocrine neoplasia.
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DR of somatostatin receptor PET/CT compared to 
18F-DOPA PET/CT in this setting.25

On the other hand, Yamaga et al. found a signifi-
cantly higher number of MTC lesions detected by 
somatostatin receptor PET compared to somatostatin 
receptor scintigraphy performed with tomographic 
acquisition (SPECT/CT),21 while Ozkan et al. found 
a significant number of MTC lesions detected by 
somatostatin receptor PET compared to scintigraphy 
with technetium-99m -labelled pentavalent dimercap-
tosuccinic acid (99mTc-(V)DMSA).23

Overall, somatostatin receptor PET or PET/CT 
seems not to accurately map the disease extent in 
patients with recurrent MTC; however, its provi-
sion of complementary information compared to 
other functional imaging techniques could be useful 
in identifying patients suitable for consideration of 
therapy with somatostatin analogues.21-29

Quantitative analysis (meta-analysis)
The DR of somatostatin receptor PET or PET/CT in 

patients with recurrent MTC on a per patient-analysis 
ranged from 25% to 86.7% with a pooled estimate of 
63.5% (95%CI: 49-77%) (Figure 2).

The included studies were statistically quite het-
erogeneous in their estimate of DR (I2 = 69%).

Performing a sub-analysis based on the type of 
study we found that the pooled DR of somatostatin 

receptor PET in prospective studies was slightly 
higher (68%; 39-91%) compared to the pooled DR 
of this method in retrospective studies (60.1%; 43.7-
75.5%), but with significant heterogeneity in both 
cases (I2 was 53% in retrospective studies and 81% 
in prospective studies).

The pooled DR of somatostatin receptor PET 
or PET/CT was also calculated in 66 patients with 
serum Ctn levels >500 ng/L with a pooled estimate 

Figure 2. Plots of individual studies and pooled detection rate 
of somatostatin receptor PET in patients with recurrent MTC on 
a per patient-based analysis, including 95% confidence intervals 
(95%CI). The size of the squares indicates the weight of each 
study. Note the significant heterogeneity among the included 
studies.

Table 3. Detection rate of somatostatin receptor PET on a per patient-based analysis in patients with recurrent medullary thyroid carcinoma

Authors

All Ctn values Ctn >500 ng/L Ctn >1000 ng/L
Patients  

true positive  
at PET

Patients 
performing 

PET

Patients  
true positive 

at PET

Patients 
performing 

PET

Patients 
true positive 

at PET

Patients 
performing 

PET
Yamaga et al21 13 15 13 13 11 11
Tran et al22 5 6 5 5 2 2
Ozkan et al23 15 22 11 14 9 10
Traub-Weidinger et al24 6 8 NR NR NR NR
Treglia et al25 6 18 4 9 3 7
Naswa et al26 42 52 NR NR NR NR
Lapinska et al27 1 4 NR NR NR NR
Palyga et al28 2 8 2 2 - -
Conry et al29 13 18 5 5 4 4
Ctn: Calcitonin; NR: Not reported.
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of 83% (95%CI: 66-95%) and without significant 
heterogeneity (I2 = 49%) (Figure 3).

Figure 3. Plots of individual studies and pooled detection rate 
of somatostatin receptor PET in patients with recurrent MTC 
and serum calcitonin values >500 ng/L on a per patient-based 
analysis, including 95% confidence intervals (95%CI). The size 
of the squares indicates the weight of each study.

Table 4. Results of the quality assessment of the studies included in the meta-analysis.
First author Spectrum 

of the patients
Consecutive 
recruitment 

of the patients

Ascertainment  
of the gold  
standard  

regardless of the 
index test results

Blind comparison 
of the index test 
and reference 

standard

Enough 
explanation 
of the index 

test to permit 
replication

2011 Oxford center 
for evidence based 
medicine level of 
evidence (http://
www.cebm.net)

Yamaga et al21 Adult patients with 
recurrent MTC

Yes Yes Yes Yes 2

Tran et al22 Adult patients with 
MTC

Yes Yes No Yes 3

Ozkan et al23 Adult patients with 
recurrent or metastatic 

MTC

Yes Yes N/A Yes 3

Traub-Weidinger 
et al24

Adult patients with 
MTC

Yes Yes N/A Yes 3

Treglia et al25 Adult patients with 
recurrent MTC

Yes Yes Yes Yes 2

Naswa et al26 Adult patients with 
recurrent MTC

Yes Yes Yes Yes 2

Lapinska et al27 Adult patients with 
MTC

Yes Yes N/A Yes 3

Palyga et al28 Adult patients with 
disseminated MTC

Yes Yes No Yes 3

Conry et al29 Adult patients with 
recurrent MTC

Yes Yes No Yes 3

N/A: not available; MTC: medullary thyroid carcinoma.

Discussion

Early detection of recurrence represents a relevant 
step in the management of patients with MTC.1 Accord-
ing to the American Thyroid Association Guidelines, 
if the postoperative serum Ctn level exceeds 150 
ng/L MTC, patients should be evaluated by imaging 
procedures.1

To date, several studies have used somatostatin 
receptor PET in patients with recurrent MTC with 
conflicting results in terms of DR.21-29 These studies 
have limited power, analyzing only relatively small 
numbers of MTC patients. In order to derive more 
robust estimates of diagnostic performance of soma-
tostatin receptor PET in this setting we have pooled 
published studies. A systematic review process was 
adopted in ascertaining studies and the quality of 
the included studies was assessed by using the 2011 
Oxford Centre for Evidence-Based Medicine check-
list for diagnostic studies (Table 4).20 We chose to 
use the DR as a measure of diagnostic performance 
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of somatostatin receptor PET and PET/CT in pa-
tients with recurrent MTC in order to homogenize 
the results of the various studies. In fact, the studies 
included in our meta-analysis were quite heteroge-
neous as regards the definition of false negative and 
true negative findings of somatostatin receptor PET: 
while some studies considered patients with increased 
serum Ctn levels and negative somatostatin receptor 
PET and other imaging methods as false negative 
results, conversely, other studies considered the same 
patients as true negative, thus partially contributing 
to the wide range of diagnostic performance that can 
be found in the literature. The DR overcomes these 
problems because both false negative and true nega-
tive results are considered in the denominator using 
the DR formula.

The findings of our pooled analysis indicate that 
somatostatin receptor PET or PET/CT has a non-
optimal DR in patients with recurrent MTC on a per 
patient-based analysis with a pooled DR of 63.5% 
(slightly increasing to 68% taking into account pro-
spective studies only). Therefore, about 40% of re-
current MTC cases would remain unidentified using 
this imaging method. On the other hand, it should be 
considered that somatostatin receptor PET is usu-
ally performed in patients with recurrent MTC after 
negative conventional imaging studies. Therefore, a 
DR of 63.5%, even if non-optimal, could affect the 
management of a significant number of recurrent 
MTC patients.

In order to study the factors which may influence 
the DR of somatostatin receptor PET in recurrent 
MTC, a sub-analysis considering serum Ctn values 
was performed. Our sub-analysis revealed that the 
DR of somatostatin receptor PET in recurrent MTC 
improves in patients with higher serum Ctn values (83% 
in patients with serum Ctn > 500 ng/L), suggesting 
that this functional imaging method could be useful 
in recurrent MTC patients with advanced disease.

Serum Ctn doubling time is a useful marker of 
aggressiveness and progression rate in patients with 
recurrent MTC. Previous meta-analyses have demon-
strated that the DR of 18F-FDG PET/CT and 18F-DOPA 
PET/CT increase in patients with recurrent MTC and 
shorter Ctn doubling time.14,16 Unfortunately, a sub-
analysis correlating the DR of somatostatin receptor 

PET to Ctn doubling time in patients with recurrent 
MTC could not be performed due to insufficient data 
in the included studies. Future studies should investi-
gate the possible relation between DR of somatostatin 
receptor PET and Ctn doubling time in patients with 
recurrent MTC.

Recent meta-analyses demonstrated a high di-
agnostic performance of somatostatin receptor PET 
or PET/CT in patients with NETs with sensitivity 
and specificity values higher than 90%.10-13 Overall, 
the diagnostic performance of somatostatin recep-
tor PET or PET/CT in recurrent MTC seems to be 
inferior compared to other NETs due to the variable 
somatostatin receptor expression in MTC cells.30-34

Different PET tracers could be used in detecting 
recurrent MTC.5,35,36 Comparative analyses between 
18F-DOPA and 18F-FDG have shown better results 
with 18F-DOPA in terms of sensitivity and specificity 
and a complementary role of the two radiopharma-
ceuticals in the assessment of recurrent MTC.5,25,37,38 
The different behaviour of 18F-DOPA and 18F-FDG 
in recurrent MTC can be explained by their different 
uptake mechanisms that, in turn, reflect the different 
metabolic pathways of NET cells, including MTC 
cells. 18F-DOPA is a marker of amino acid decar-
boxylation which is a feature of the neuroendocrine 
origin of MTC. It can thus be assumed that a higher 
18F-DOPA uptake is related to a higher degree of cell 
differentiation,5,16 whereas a higher 18F-FDG uptake 
is related to a high-proliferative activity and a poor 
differentiation.5,14 Although 18F-DOPA PET/CT has 
less prognostic value compared to 18F-FDG, it can 
more accurately assess the extent of the disease in 
patients with residual/recurrent MTC,5,38 particularly 
if early PET imaging is performed.39,40

Comparative analyses between somatostatin ana-
logues labelled with Gallium-68 and 18F-FDG have 
shown the complementary role of these PET tracers in 
recurrent MTC without statistically significant differ-
ence in terms of detection rate of MTC lesions in the 
majority of studies.23-26, 29 To date, only one multicentric 
study compared 18F-DOPA, 18FDG and somatostatin 
analogues labelled with Gallium-68, demonstrating 
that 18F-DOPA PET/CT is the most useful functional 
imaging method for detecting recurrent MTC lesions 
in patients with increased serum Ctn levels, performing 
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better than 18F-FDG PET and somatostatin receptor 
PET and leading to a change in patient management 
in a significant percentage of cases.25

While 18F-FDG and 18F-DOPA may be prepared 
industrially (for PET centres without an on-site cy-
clotron) and delivered ready to use, for labelling 
somatostatin analogues with Gallium-68, both Ger-
manium-68/Gallium-68 generator and lyophilised 
peptides are needed.38 The easy synthesis process of 
radiolabelled somatostatin analogues is an advantage 
supporting their clinical use as PET tracers in NETs.41

The limited availability of 18F-DOPA and somato-
statin analogues labelled with Gallium-68 compared 
to 18F-FDG is probably not a major drawback in the 
case of a rare cancer such as MTC, a limited number 
of specialised centres being able to match the demand.

Recent international guidelines for PET/CT imag-
ing of NETs suggest the use of somatostatin receptor 
PET as a third option after 18F-DOPA and 18F-FDG 
PET/CT in patients with recurrent MTC.41 Therefore, 
somatostatin receptor PET/CT could be useful in a 
minority of patients with recurrent MTC, mainly when 
neither 18F-DOPA nor 18F-FDG-PET/CT are conclusive 
in patients with increasing Ctn levels and negative 
conventional imaging methods or when treatment 
with somatostatin analogues is an option.38,41 In fact, 
compared to 18F-FDG and 18F-DOPA PET, somato-
statin receptor PET may have a theranostic value as 
this method could be useful in selecting metastatic 
MTC patients for therapy with cold or radiolabelled 
somatostatin analogues to treat metastatic lesions 
showing high expression of somatostatin receptors.42

Some limitations of our meta-analysis should 
be mentioned. The literature addressing the role of 
somatostatin receptor PET in patients with recurrent 
MTC is still limited (only nine studies were included 
in the quantitative analysis) and this could limit the 
statistical power of our analysis.

Heterogeneity between studies may represent a 
potential source of bias. The included studies were 
statistically heterogeneous in their estimates of DR. 
This heterogeneity is likely to arise through the di-
versity of methodological aspects of the different 
studies (Table 2). The baseline differences among 
the patients in the included studies (Table 1) and the 

study quality (Table 4) may also have contributed to 
the observed heterogeneity of the results. However, 
such variability was accounted for in a random ef-
fects model in our pooled analysis.19 Furthermore, 
performing the sub-analysis taking into account the 
serum Ctn values we found a significant reduction 
of heterogeneity (I2 <50%).

Publication bias is a major concern in all forms 
of meta-analyses, as studies reporting significant 
findings are more likely to be published than those 
reporting non-significant results. Indeed, it is not 
unusual for small-sized early studies to report a posi-
tive relationship that subsequent larger studies fail 
to replicate. We cannot exclude a publication bias in 
our pooled analysis.

We chose to calculate the DR on a per patient-based 
analysis because most of the authors have adopted this 
criterion. However, we cannot exclude the potential 
bias derived from this choice, but there were insuf-
ficient data to obtain significant results performing 
a per lesion-based pooled analysis. Furthermore, it 
was not possible to perform a sub-analysis compar-
ing PET versus PET/CT because of insufficient data.

Conclusions

Overall our systematic review and meta-analysis 
showed that:

-	 The literature focusing on the use of somatostatin 
receptor PET in recurrent MTC is still limited and 
quite heterogeneous.

-	 In patients with recurrent MTC somatostatin recep-
tor PET or PET/CT demonstrated a non-optimal 
DR which increased in patients with higher serum 
Ctn values.

-	 The diagnostic performance of somatostatin re-
ceptor PET or PET/CT in recurrent MTC is lower 
compared to that of the same imaging method in 
the majority of NETs.

-	 According to recent international guidelines, so-
matostatin receptor PET/CT should not be a first 
option for detecting recurrent MTC; however, 
it could be useful in a minority of patients with 
recurrent MTC, mainly when neither 18F-DOPA 
nor 18F-FDG-PET/CT are conclusive in patients 
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with increasing Ctn levels and negative conven-
tional imaging methods or when treatment with 
somatostatin analogues is an option.
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