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Supplementary Materials: PET with Different Radiopharma-
ceuticals in Neuroendocrine Neoplasms: An Umbrella Review 
of Published Meta-Analyses 

Table S1. Quality assessment of the included meta-analyses. 

Study PICO question Search strategy Inclusion criteria 
Quality assess-

ment of included 
studies 

Heterogeneity and 
methods to address 
the heterogeneity  

Publication bias 
evaluation 

Alevroudis 
et al. [8] 

Impact of 18F-FDG PET 
status on disease control 

rate, progression-free sur-
vival (PFS), and overall 

survival (OS) in neuroen-
docrine tumors (NETs) 

patients receiving peptide 
receptor radionuclide 

therapy (PRRT) 

Medline, Embase, 
Cochrane Library, 

and Web of Science 
databases for pub-

lished and un-
published reports 

(conference ab-
stracts) in any lan-

guage 

Retrospective and prospective 
single- and multi-center cohort 
studies on patients with NETs 
receiving PRRT. Disease con-
trol rate according to RECIST 
or SWOG criteria, PFS and OS 
following PRRT should be re-
ported. Surgical series with a 

sample size of at least 10 NETs 
patients undergoing PRRT 

The Newcastle-
Ottawa scale 

(NOS) template 
was used for 

quality/risk of 
bias assessment 

I2 index was used. 
No method was 

used to address the 
cause of heteroge-

neity 

Evaluated by fun-
nel plots and Eg-

ger’s test 

Barrio et al. 
[9] 

Impact of somatostatin re-
ceptor (SSTR) PET/CT on 
the management of pa-

tients with NETs 

It seems inade-
quate: only Pub-

Med was searched. 
No data on lan-
guage of articles 

Original research and cohort 
studies reporting change in 

management after somatosta-
tin receptor imaging; number 

of cases ≥ 10 

No quality as-
sessment availa-

ble 

I2 index was used. 
Heterogeneity was 

further explored us-
ing subgroup anal-

yses 

No publication 
bias evaluation 

available 

Bauckneht et 
al. [10] 

Diagnostic performance 
of SSTR PET/CT for the 
detection of primary le-

sion and initial staging of 
pancreatic NETs 

PubMed, Scopus, 
Embase, and 

Google Scholar da-
tabases were 

searched. Only 
English language 

articles 

Diagnostic studies with a sam-
ple size > 10 cases and ade-

quate diagnostic indices 

QUADAS-2 was 
used for quality 

assessment 

I2 index was used. 
No method to ad-
dress the cause of 

heterogeneity 

Funnel plots were 
used 

Cheng et al. 
[11] 

Diagnostic performance 
of 18F-FDG-PET and 

PET/CT for detection of 
recurrent or metastatic 

medullary thyroid carci-
noma (MTC) 

MEDLINE and 
EMBASE were 
searched. Only 

English language 
studies 

Diagnostic studies with a sam-
ple size > 6 cases and adequate 

diagnostic indices 

Quality was eval-
uated for each in-

cluded study 

Only Cochrane Q 
test was reported. 
Subgroup analyses 

were used to ad-
dress the heteroge-

neity cause 

No data available 

Christensen 
et al. [12] 

Prognostic value of one or 
several 18F-FDG PET pa-
rameters in patients with 

small cell lung cancer 

A search was per-
formed in PubMed, 
Cochrane Library, 
and Embase. Only 
English language 

studies 

Studies of baseline or post 
treatment 18F-FDG PET 

providing hazard ratio (HR) 
and 95% confidence intervals 

(95%CI) for PFS or OS or suffi-
cient data to extract HR and 

95%CI 

Quality in Prog-
nostic Studies 

(QUIPS) tool was 
used. In the 

“study confound-
ing” domain, the 
covariates stage, 

age, and sex were 
assessed 

I2 index and 
Cochrane Q value 

were used. No 
method was used 

to address the cause 
of heterogeneity 

Funnel plots were 
used 

De Dosso et 
al. [13] 

Detection rate (DR) of 
SSTR PET/CT in patients 
with metastatic NETs and 
unknown primary tumors 

(CUP) 

PubMed/MED-
LINE, EMBASE, 
and Cochrane li-
brary databases 

were searched. No 
language re-

striction 

Studies or subsets of studies 
investigating the DR of CUP 
by using SSTR PET/CT in pa-

tients with metastatic NET his-
tologically proved; sample 

size > 10 cases 

QUADAS-2 was 
used 

I2 index and 
Cochrane Q values. 
Heterogeneity was 
further explored by 
subgroup analyses 

Funnel plots and 
Egger’s test 

Deppen et 
al. [14] 

68Ga-DOTATATE PET 
safety and efficacy com-
pared to somatostatin re-
ceptor scintigraphy and 

conventional imaging for 
pulmonary and gastroen-

teropancreatic NETs 

Medline, EMBASE, 
Web of Science and 
Cochrane Reviews 

electronic data-
bases were 

searched. No lan-
guage restriction 

Primary trials or studies with 
>10 cases conducted to investi-
gate diagnosis for pulmonary 

or gastroenteropancreatic 
NETs 

QUADAS 

I2 index and 
Cochrane Q values. 
Heterogeneity was 
further explored by 
subgroup analyses 

Funnel plots and 
Deek’s funnel plot 

asymmetry test 
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Geijer et al. 
[15] 

Diagnostic accuracy of 
SSTR PET in patients with 
known or suspected NETs 

The databases Pub-
Med/MEDLINE 

and Embase were 
searched. Only lim-
ited to 1 November 
2011 to 31 Decem-
ber 2012 (update) 

Studies on SSTR PET or 
PET/CT performed in patients 
with NETs in the thorax or ab-
domen; and sample size of at 

least 8 patients. 

QUADAS-2 mod-
ified by removing 
the question “If a 

threshold was 
used, was it pre-

specified?” 

I2 index and 
Cochrane Q values. 
Threshold analysis 
using sROC. Sensi-
tivity analysis was 
used to explore the 

heterogeneity 

Funnel plots 

Han et al. 
[16] 

Performance of SSTR PET 
in the detection of pheo-

chromocytomas and para-
gangliomas 

PubMed and Em-
base databases 

without language 
restriction 

Original articles with sample 
size larger than 5 cases of phe-

ochromocytomas and para-
gangliomas assessed by SSTR 

PET 

QUADAS-2 

I2 test was used. 
Heterogeneity was 
explored by sub-

group analyses and 
meta-regression 

Funnel plot and 
Egger’s test 

Han et al. 
[17] 

Prognostic value of 18F-
FDG PET for NETs 

PubMed and Em-
base databases 

without language 
restriction 

Original articles reporting OS, 
PFS or other quantitative 

prognostic indices for 18F-FDG 
PET in NETs 

Quality in Prog-
nostic Studies 

tool 

I2 test was used. 
Heterogeneity was 
explored by sub-

group analyses and 
meta-regression 

Funnel plot, Eg-
ger’s test, and trim 

and fill method 

Jiang et al. 
[18] 

Diagnostic accuracy and 
prediction efficiency of 
histological subtypes of 

18F-FDG and SSTR PET in 
primary pulmonary car-

cinoids 

PubMed, EMBASE, 
and Web of Science 
without language 
or date limitation 

Original articles with enough 
data to extract sensitivity for 
18F-FDG or SSTR PET in pul-

monary carcinoids 

QUADAS-2 

I2 index was used; 
sROC was used to 
explore threshold 

effect 

No data available 

Kan et al. 
[19] 

Diagnostic performance 
of 18F-FDG and SSTR PET 
in metastatic pheochro-

mocytomas and paragan-
gliomas 

PubMed/MED-
LINE, ScienceDi-
rect and Web of 
Science without 
language or date 

limitation 

No specific section in the 
study 

QUADAS-2 

I2 index and 
Cochrane Q values. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Deeks’ funnel plot 
asymmetry test 

Lee et al. 
[20] 

Prognostic value of the 
maximum standardized 
uptake value (SUVmax) 
of SSTR PET in patients 

with NETs 

PubMed, Scopus, 
Cochrane, and Em-
base were searched 

Studies that reported survival 
data regarding PFS and/or OS, 
and studies that included SU-
Vmax of SSTR PET as a prog-

nostic parameter in NETs 

A predefined 
quality assess-

ment scale 

I2 index and 
Cochrane Q values. 
Subgroup analyses 

were done to ex-
plore the cause of 

heterogeneity 

Funnel plots and 
Egger’s test 

Lee et al. 
[21] 

Network meta-analysis 
(NMA)using direct com-
parison studies with 2 or 
more PET radiopharma-
ceuticals for detection of 
recurrent medullary thy-

roid carcinoma (MTC) 

English-language 
literature searches 

of PubMed and 
EMBASE databases 

Diagnostic tests on the PET or 
PET/CT imaging methods in-
cluding 2 or more PET radio-
pharmaceuticals in the same 

subjects to compare the DR of 
recurrent MTC 

QUADAS-2 

I2 index and 
Cochrane Q values. 
Subgroup analyses 

were done to ex-
plore the cause of 

heterogeneity 

Funnel plots 

Li et al. [22] 
Diagnostic accuracy of 

PET(CT) in patients with 
neuroblastoma 

The Cochrane, Pub-
Med, and Embase 

database were 
searched 

Diagnostic studies on PET in 
neuroblastoma. The type of 
the radiotracer is not men-

tioned 

Nothing pro-
vided 

I2 index and 
Cochrane Q values. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Deeks' funnel 
asymmetry plot 

Liu et al. 
[23] 

To compare the diagnostic 
value of SSTR and 18F-
FDG PET or PET/CT in 

NETs 

MEDLINE, Pub-
Med, Embase and 
Cochrane Library 
databases for Eng-
lish-language arti-

cles 

Diagnostic studies on SSTR or 
18F-FDG PET in NETs if pro-

vided enough data to calculate 
diagnostic indices 

QUADAS-2 

I2 index and 
Cochrane Q values. 
Threshold analysis 
using sROC. Sub-

group analyses and 
meta-regression 
were done to ex-
plore the cause of 

heterogeneity 

Funnel plots and 
Egger’s test 

Lu et al [24] 
Diagnostic accuracy of 

18F-FDG PET or PET/CT in 
PubMed/MED-

LINE and EMBASE 
Diagnostic studies on 18F-FDG 

PET in SCLC with enough 
A predefined 
checklist was 

I2 index and 
Cochrane Q values. 

No data 
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the pretherapeutic staging 
of patients with small-cell 

lung cancer (SCLC) 

with no language 
restriction 

data to calculate diagnostic in-
dices 

used for quality 
assessment 

Threshold analysis 
using sROC. No 

method was used 
to further explore 
the heterogeneity 

Ma et al. [25] 

Diagnostic accuracy of 
SSTR PET for carcinoma 
unknown primary (CUP) 

NETs 

PubMed/MED-
LINE and Sci-

enceDirect with no 
language re-

striction 

Diagnostic studies on accuracy 
of SSTR PET for carcinoma un-
known primary (CUP) NETs 

QUADAS-2 

I2 index and 
Cochrane Q values. 
Threshold analysis 
using sROC. Sub-

group analyses and 
meta-regression 
were done to ex-
plore the cause of 

heterogeneity 

Deeks’ asymmetry 
test and funnel 

plots 

Martucci et 
al. [26] 

Impact of 18F-FDG 
PET/CT in staging SCLC 

PubMed/MED-
LINE, EMBASE, 
and Cochrane li-

brary with no lan-
guage restriction 

All original studies in which 
the main outcome was the 

change of binary SCLC stag-
ing using 18F-FDG PET/CT or 
reported the diagnostic accu-
racy of 18F-FDG PET/CT stag-
ing compared to conventional 
staging in SCLC and the im-
pact of 18F-FDG PET/CT stag-
ing on survival of SCLC pa-

tients 

QUADAS-2 

I2 index was used; 
no method was 

used to explore the 
cause of heteroge-

neity  

Egger’s test 

Nie et al. 
[27] 

Prognostic importance of 
metabolic parameters 

(SUV, MTV) of 18F-FDG 
PET in SCLC 

MEDLINE, EM-
BASE, and 

Cochrane Library 
databases with 

English language 
studies only 

Studies limited to SCLC pa-
tients who underwent pre-
treatment 18F-FDG PET/CT 

and that was used as an initial 
imaging tool; MTV and/or 

TLG measurement of patients 
with SCLC; all patients re-

ceived chemotherapy and/or 
radiotherapy; and articles that 
reported data relating to the 

impact of MTV or TLG on sur-
vival 

Not reported 

Cochrane’s test and 
the I2 statistic was 
used; sensitivity 

analysis was used 
to explore the cause 

of heterogeneity 

Not reported 

Piccardo et 
al. [28] 

Head-to-head comparison 
between 18F-FDOPA 

PET/CT and SSTR PET/CT 
in detecting intestinal 

NETs 

PubMed, CEN-
TRAL, Scopus and 

Web of Science, 
Embase were 

searched 

Studies reporting a head-to-
head comparison of 18F- 

DOPA PET/CT and SSTR 
PET/CT in intestinal NETs pa-

tients 

QUADAS-2 

I2 index was used. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Egger’s test 

Rufini et al 
[29] 

Diagnostic accuracy of 
18F-FDOPA PET and 

PET/CT in patients with 
NETs 

PubMed/ MED-
LINE, Embase and 
Scopus databases 
were search with 

no date or lan-
guage limit 

Studies with enough sample 
size (the exact number was not 
reported) on diagnostic accu-
racy of 18F-FDOPA PET and 

PET/CT in NETs. Only studies 
with enough data to calculate 

diagnostic indices were in-
cluded. 

QUADAS-2 

I2 index was used. 
Threshold analysis 

using sROC. No 
other method was 
used to explore the 
reason of heteroge-

neity 

Not reported 

Shah et al. 
[30] 

Diagnostic accuracy of Ex-
endin-4 based PET/CT or 
SPECT/CT for insulinoma 

Only PubMed and 
English language 

studies were 
searched 

All studies on Exen-
din-4-based imaging for de-

tecting insulinoma 
Not reported 

No true meta-anal-
ysis was done. 

Nothing on hetero-
geneity was re-

ported 

Not reported 

Singh et al. 
[31] 

To compare the role of 
SSTR PET or PET/CT in 
NETs with conventional 

imaging 

MEDLINE, EM-
BASE, and 

Cochrane Database 
of Systematic Re-
views databases 
were searched. 

Studies comparing SSTR PET 
or PET/CT with conventional 
imaging in the initial diagno-
sis, staging and restaging, as-

sessment of treatment re-
sponse, and routine surveil-

lance of NETs 

QUADAS-2 only 
for diagnostic 

studies 

I2 index was used. 
Threshold analysis 
using sROC and bi-
variate meta-analy-

sis. No other 
method was used 

Not reported 
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Only English stud-
ies were included 

to explore the rea-
son of heterogene-

ity 

Sun et al [32] 

Diagnostic performance 
of 18F-FDG PET in bone-
bone marrow involve-

ment in pediatric neuro-
blastoma 

PubMed and Em-
base were searched 
without any date or 

language re-
striction 

Studies included: 
(1) The main topic was the di-
agnostic accuracy of 18F-FDG 
PET(CT) in the detection of 

bone or bone marrow involve-
ment in pediatric NB patients; 
(2) Bone marrow biopsy as the 

gold standard; (3) sufficient 
data to reassess sensitivity and 

specificity 

QUADAS-2 

I2 index was used. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Deeks’ funnel plot 
asymmetry test 

Treglia et al. 
[33] 

Diagnostic performance 
of 18F-FDOPA PET or 

PET/CT in detecting re-
current medullary thyroid 

carcinoma (MTC) 

PubMed/ MED-
LINE, Scopus, and 
Embase databases 
were searched. No 

language re-
striction 

Studies or subsets in studies 
investigating the diagnostic 
performance of 18F-FDOPA 
PET or PET/CT in patients 
with suspected recurrent 

MTC. Small sample studies 
were excluded (no number 

was reported) 

QUADAS 

I2 index was used. 
Subgroup analyses 

were used to ex-
plore the reason of 

heterogeneity 

Not reported 

Treglia et al. 
[34] 

Diagnostic performance 
of SSRT PET or PET/CT in 

patients with thoracic 
and/or gastroentero-

pancreatic (GEP) NETs 

PubMed/MED-
LINE, Scopus and 
Embase databases 

were searched 
without any date or 

language re-
striction 

Diagnostic studies on SSRT 
PET or PET/CT in patients 
with thoracic and/or GEP 

NETs were eligible for inclu-
sion (sample size > 8 cases) 

QUADAS 

I2 index was used. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Not reported 

Treglia et al. 
[35] 

Diagnostic performance 
of 18F-FDOPA PET in pa-

tients with paraganglioma 

PubMed/MED-
LINE, Scopus and 
Embase databases 

were searched 
without any date or 

language re-
striction 

Studies or subsets in studies 
investigating the diagnostic 
performance of 18F-FDOPA 
PET or PET/CT in patients 
with paraganglioma. Small 

sample studies were excluded 
(no number was reported) 

QUADAS 

I2 index was used. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Not reported 

Treglia et al. 
[36] 

Diagnostic performance 
of 18F-FDG PET and 

PET/CT in detecting re-
current medullary thyroid 

carcinoma (MTC) 

PubMed/MED-
LINE, Scopus and 
Embase databases 

were searched 
without any date or 

language re-
striction 

Studies or subsets in studies 
investigating the diagnostic 
performance of 18F-FDG PET 

or PET/CT in patients with re-
current/residual MTC were el-

igible for inclusion (sample 
size > 6 cases) 

QUADAS 

I2 index was used. 
Subgroup analyses 

were done to ex-
plore the cause of 

heterogeneity 

Not reported 

Treglia et al. 
[37] 

Diagnostic accuracy of 
18F-FDG PET in Merkel 
cell carcinoma (MCC) 

PubMed/MED-
LINE, Scopus data-
bases were search 

without any date or 
language re-

striction 

Studies or subsets in studies 
investigating the usefulness of 
18F-FDG PET or PET/CT in pa-
tients with MCC. Small sam-
ple studies were excluded (no 

number was reported) 

The 2011 Oxford 
Center for Evi-
dence-Based 

Medicine check-
list for diagnostic 

studies 

I2 index was used. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Funnel plots and 
Egger’s test. 

Treglia et al. 
[38] 

Detection rate of SSRT 
PET in patients with re-

current MTC 

PubMed/MED-
LINE and 

Cochrane Library 
Databases were 

searched without 
date or language 

restriction 

Studies or subsets in studies 
investigating the diagnostic 
performance of SSTR PET in 
patients with recurrent MTC. 
Case reports were excluded 

(no number was reported re-
garding sample size) 

The 2011 Oxford 
Centre for Evi-
dence-Based 

Medicine check-
list for diagnostic 

studies 

I2 index was used. 
Subgroup analyses 

were done to ex-
plore the cause of 

heterogeneity 

Not reported 

Xia et al. [39] 

Comparison of diagnos-
ing and staging accuracy 
of PET(/CT) and MIBG on 
patients with neuroblas-

toma (NB) 

MEDLINE, EM-
BASE, Cochrane Li-

brary and CNKI 
databases without 

time limitation 

Studies evaluating the perfor-
mance of MIBG or PET(/CT) 
or both for examining neuro-

blastoma (sample size > 5 
cases) 

QUADAS-2 

Cochrane Q test 
was used.  Thresh-
old analysis using 
sROC. Subgroup 

analyses were done 
to explore the cause 

of heterogeneity 

Funnel plots were 
used 



Cancers 2021, 13, 5172 5 of 6 
 

 

Yang et al. 
[40] 

Diagnostic role of 68Ga-
DOTATOC and 68Ga-DO-
TATATE PET in the diag-

nosis of NETs 

Pubmed, Embase, 
and Scopus data-

bases were 
searched only for 
English language 

studies 

Papers investigating the diag-
nostic role of 68Ga-DOTATOC 
and 68Ga-DOTATATE PET in 

patients with NETs. 
Small sample studies were ex-

cluded (no number was re-
ported) 

QUADAS 

I2 index was used. 
Threshold analysis 
using sROC. Sub-

group analyses 
were done to ex-
plore the cause of 

heterogeneity 

Not reported 

Zhu et al. 
[41] 

Prognostic value of 18F-
FDG PET SUVmax of pre-
treatment primary lesions 

in SCLC 

PubMed, EMBASE, 
the Cochrane li-

brary, and Web of 
Science were 

searched. Only 
English language 

studies. 

(i) patients were histopatho-
logically diagnosed with 

SCLC; (ii) the study was iden-
tified as a case-control or co-

hort study; (iii) at least one 18F-
FDG-PET/CT was performed 
before treatments, including 
chemotherapy, surgical ther-
apy, and/or radiotherapy; (iv) 
at least one relevant prognos-

tic factor was assessed, such as 
OS, PFS (v) hazard ratios 

(HRs) were available 

Newcastle–Ot-
tawa scale (NOS) 

checklist 

Cochrane Q value 
and I2 index were 
used. Subgroup 

analyses were done 
to explore the cause 

of heterogeneity 

Begg’s funnel test 
and Egger’s test 
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Figure S1. Case examples of the application of PET with different radiopharmaceuticals to detect neuroendocrine neo-
plasms. Axial computed tomography (CT) (A), hybrid somatostatin receptor imaging/CT (B) and fluorine-18 fluorodeox-
yglucose positron emission tomography/CT (18F-FDG PET/CT) (C) in a patient with high grade pancreatic neuroendocrine 
tumor (NET) showing increased 18F-FDG uptake (increased glucose metabolism) and low uptake of radiolabeled somato-
statin analogues (reduced expression of somatostatin receptors) due to its aggressive behavior. Somatostatin receptor PET 
(D), 18F-FDG PET (E), axial somatostatin receptor PET/CT (F) and axial 18F-FDG PET/CT images (G) in a patient with well-
differentiated thoracic NET (typical bronchial carcinoid) showing increased uptake of radiolabeled somatostatin ana-
logues (yellow arrows) due to increased somatostatin receptor expression and reduced 18F-FDG uptake due to reduced 
glucose metabolism. 18F-FDOPA PET (H) and axial 18F-FDOPA PET/CT images (I,J) showing bone metastases (red arrows) 
and liver metastases (blue arrows) with increased radiopharmaceutical uptake in a patient with recurrent medullary thy-
roid carcinoma (with increased serum calcitonin levels). 


