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Objectives Detecting medullary thyroid carcinoma
(MTC) metastatic lesions accurately is still a challenge for
clinicians. PET/computed tomography (PET/CT) seems

to be the most effective method in recent years. However,
the sensitivity of each radiopharmaceutical varies greatly
in different metastatic sites. We aim to investigate

and compare five novel and common PET or PET/CT
radiopharmaceutical sensitivities at the four most frequent
metastatic sites by network meta-analysis.

Methods We searched for studies evaluating PET/

CT radiopharmaceutical sensitivities at different
metastatic sites in PubMed, Web of Science, Embase,
and Cochrane Library. The risk bias was analyzed, and
publication bias was accessed by funnel plot asymmetry
tests. We performed both global inconsistency and local
inconsistency tests by evaluating the agreement between
direct and indirect comparisons. Then, we made pairwise
meta-analyses and network meta-analyses for each
metastatic site. Finally, we performed the surface under
the cumulative ranking curves (SUCRA) and calculated
the SUCRA values to rank the probability of each
radiopharmaceutical being the most sensitive method.

Results In our results, 243 patients from 9 clinical
studies which accessed sensitivities of different
radiopharmaceuticals in MTC metastatic sites were
included. For lymph nodes and liver, TF2/%8Ga-SSM288

Introduction

Medullary thyroid carcinoma (MTC) is a rare neuroen-
docrine cancer that originates from parafollicular C cells
(C-cells), accounting for 5% of all thyroid malignancies
[1]. It most commonly presents as a solitary thyroid nod-
ule in patients at their first diagnoses [2]. Though M'TC
has a low incidence, it shows high distant and local nodal
metastatic rates of about 30-50% and 70-80% respec-
tively, and accounts for 13.4% of all thyroid-related
death [3-5]. Lymph nodes, lung, bone, and liver are the
most common metastatic sites [6]. Surgery is the only
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showed the highest SUCRA values (0.974 in lymph
nodes, 0.979 in liver). The SUCRA values for '8F-DOPA
and %8Ga-SSA for bone metastatic lesions were nearly
identical (0.301 and 0.319, respectively) and were higher
than the other three radiopharmaceuticals. For lung
lesions, ''C-methionine had the highest SUCRA value
(0.412).

Conclusion TF2/%%Ga-SSM288 had the best sensitivity
in lymph nodes and liver lesions. ''C-methionine was
most sensitive in lung lesions. While '8F-DOPA and
%8Ga-SSA had familiar sensitivities to be the best two
radiopharmaceuticals. Nuc/ Med Commun 44: 1114-1125
Copyright © 2023 The Author(s). Published by Wolters
Kluwer Health, Inc.
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potentially curative treatment for patients with M'TC
nowadays [2], while M'T'C is insensitive to chemotherapy
and radiation therapy [7]. Re-operation, local treatments
based on imaging findings (i.e. external beam radiother-
apy, thermal ablations), and tyrosine kinase inhibitors
can be used to treat progressive M'T'C [8] when MTC
patients’ tumors progressed with postoperative recur-
rence and metastases.

During the postoperative follow-up of MTC patients,
Serum calcitonin (Ctn) and carcinoembryonic antigen
(CEA), which are secreted by parafollicular C-cells, were
frequently used as valuable tumor markers and moni-
toring indicators to detect metastases or recurrence [9].
Additionally, imaging methods have been used more reg-
ularly and regarded as an important following-up method
in recent years. ATA (American Thyroid Association)
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guidelines [8] indicated that additional imaging proce-
dures need to be used in patients with elevated postop-
erative Ctn greater than 150 pg/ml. Moreover, imaging
techniques can show the precise location of the metas-
tases or recurrence and the characteristics of lesions,
whereas biochemical indicators only qualitatively eval-
uate metastatic recurrence [10]. Imaging findings can
provide visual evidence for diagnosis and treatment
selection.

In clinical practice, conventional imaging methods for
MTC patients included ultrasonography, computed
tomography (CT), and magnetic resonance imaging.
These methods were inadequate since they can only
morphologically demonstrate the local metastases or
recurrence [11]. Meanwhile, these methods usually
failed to detect distant metastatic or recurrent sites
[8,12,13], making it difficult for clinicians to diagnose
and treat tumor progression. PE'T imaging, either PE'T
or hybrid PE'T/C'T had the most encouraging results for
detecting and localizing both local and distant recurrent
or metastatic M'T'C lesions using various radiopharma-
ceuticals [14,15]. The recent 2020 EANM guidelines
recommended particularly carrying out PET/C'T scans
in MTC patients with persistent or recurrent disease
[14]. The common radiopharmaceuticals used in MTC
were "*F-FDG, "*F-DOPA, and **Ga-SSA [16]. Various
PET or PET/CT radiopharmaceuticals had differ-
ent sensitivities in metastatic sites. Beheshti ez al.
[17] found that ""F-DOPA PET could detect 94% of
lesions, whereas only 62% of lesions were detected by
"F-FDG PET. Verbeek ez a/. [18] indicated that "*F-
FDG was more effective than "*F-DOPA at identifying
patients with M'T'C biochemical progression. Souteiro
et al. [19] found that ®®Ga-SSA was more sensitive than
BE_FDG (69.2% vs. 53.9%, respectively). There is a
wide variation between the findings of different stud-
ies, and there is no definitive conclusion about which
radiopharmaceutical is the most sensitive method at
different metastatic sites. Additionally, we found that
only one meta-analysis was conducted by Lee e a/.
[20] about the overall detection rate of five different
PET/CT radiopharmaceuticals in MTC 3 years ago.
This meta-analysis only accessed the overall effects
of PET or PET/CT radiopharmaceuticals. However,
this meta-analysis did not assess the sensitivity of
each radiopharmaceutical at different metastatic sites.
Meanwhile, the explicit metastatic sites were also not
discussed or analyzed in this meta-analysis. Which
radiopharmaceutical was most sensitive or effective
for different local or distant metastatic lesions is still
unknown. Clinicians must consider how to choose an
appropriate PE'T/CT radiopharmaceutical according
to suspected local or distant metastatic lesions before
deciding whether to operate again or pursue other
treatment options [17,21,22], which was significant for
the patient’s prognosis.
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The objective of this network meta-analysis and sys-
tematic review is to investigate and compare sen-
sitivities of the five novel and common PET/CT
radiopharmaceuticals at the four most common recur-
rent or metastatic MTC sites (LLymph nodes, Bone,
Lung, and Liver) for the first time. We also aim to
provide evidence-based knowledge for clinicians to
choose the most effective PET/CT imaging radiophar-
maceutical when distinct local or distant metastases
were found in M'TC patients.

Materials and methods

This network meta-analysis and systematic review
were designed and performed according to the
Preferred Reporting Items for Systematic Reviews
and Meta-analyses statement for reporting systematic
reviews and meta-analyses [23]. Ethics approval is not
required for network meta-analyses and systematic
reviews [24].

Data sources, search strategy

‘Iwo authors independently searched literature pub-
lished in Pubmed, Web of Science, Embase, and
Cochrane Library up to 11 April 2022. We used the
following keywords in all ficlds as search strategy: (1)
‘PET” or ‘PET/computed tomography’ or ‘PET” or
‘PET/CT”, (2) ‘medullary thyroid cancer’ or ‘medullary
thyroid carcinoma’, (3) 1 and 2. We considered possibly
eligible studies for clinical researches. We also manually
searched the researched lists of key articles for addi-
tional studies.

Study selection

The inclusion criteria for eligible studies were: (1)
retrospective or prospective studies; (2) studies using
PET or PE'T/CT; (3) studies with more than two radi-
opharmaceuticals; (4) patients with elevated Ctn or
CEA verified as metastatic or recurrent MTC by posi-
tive findings of follow-up or histology; (5) studies with
more than 10 patients; (6) studies analyzed at least one
M'TC recurrent or metastatic site; (7) available data of
true-positive (I'P) and false-negative (FN) numbers
in each lesion-based analysis. Studies were excluded
as follows: (1) the full text of studies could not be
accessed online or by request to authors; (2) reviews,
letters, case reports, and animal researches; (3) no
clearly defined metastatic sites analysis; (4) original
data of lesion-based analysis cannot be reached; (5)
studies not in English.

Quality assessment and data extraction
The overall quality of the included studies in this review
was critically appraised by 2 authors independently, based
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Fig. 1

Records identified through database

searching:(n=1618)

® 411 Studies in Pubmed(U.S. National
Library of Medicine)

® 739 Studies in Web of Science

® 8 Studies in Cochrane Library

® 460 studies in Embase

F

Additional articles identified from
relevant references(n=5)

A

A4

Duplicate and unrelated studies(n=1232)

Title and abstracts assessed for eligibility
(n=391)

Studies excluded after screening of titles
and abstracts(n=372), reasons:

® No MTC included

® No PET or PET/CT included

Y

® Rcvicws, casc reports, animal
researches, letters
® No diagnostic accuracy analysis

Full-text articles assessed for -eligibility
(n=19)

Full-text articles excluded(n=10 ),

reasons:

® No sensitivity results or sensitivity
cannot be calculated

Y

Studics included in meta-analysis(n=9 )

"| ® No specific metastatic sites analysis
® No more than 2 types PET or PET/CT
included comparison

Search diagram for eligible studies of PET/CT radiopharmaceuticals’ sensitivities at different metastatic sites.

on the 15-item modified Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) [25]. The QUADAS-2
tool primarily assesses 4 domains: risk of bias in Patient
Selection, Index Test, Reference Standard, and Flow and
Timing of reference test. Discrepancies between the selec-
tion of studies and in the data extraction, reviewers who
were blinded to the journal, author, institution, and date
of publication independently selected articles based on
the inclusion criteria. Scores were assigned to study design
characteristics and examination results using a standard-
ized form based on the QUADAS-2 tool. We used Review
Manager 5 (RevMan 5.4.1; Cochrane Collaboration,
Oxford, UK) to assess the quality.

A standardized data form was used to extract all data
for evaluation. The information we collected from each

study included the first authorship, the publication
year, the type of study, sample size, imaging method,
radiopharmaceutical type, mean Ctn and CEA, overall
diagnostic sensitivity, and included metastatic sites.
Each study was analyzed to retrieve the numbers of
TP and 'T'N of the including radiopharmaceuticals in
metastatic site analysis, according to the reference
standard.

Publication of bias of individual studies

We used funnel plots to explain the publication bias.
Asymmetry outcomes of funnel plots indicated publi-
cation bias. The funnel plots were generated through
STATA version 17.0 software (Stata Corp LP, College
Station, Texas, USA) [26].
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Table 1 Characteristics of the included studies

Overall sensitivity

Imaging Mean Mean
S  Sample  method<? Ctn CEA( TFQIBBGa Included

Author\year Country type  size  Char=Mixed?> Radiopharmaceuticals (pg/ml)  ng/ml) FDG  '®FDOPA %®Ga-SSA ''C-methionine IMP288 sites
Asa. etal. 2021 [33]  Turkey P 46  PET/CT 8F-DOPA;*®Ga-SSA  2031.9 68.3 \ 87.90%  79.90% \ \ 1,2,34
Milin. et al. 2021 [32] ~ France R 25  PET/CT '®F-DOPA;TF,/**Ga 488 18 \ 65% \ \ 92% 1,2,3,4

IMP288
Erdem. et al. 2020 Turkey R 73  PET/CT "8F-FDG;*®*Ga-SSA \ \ 72.40% \ 88.10% \ \ 1,2,3,4
Souteiro. et al. 2019 [19]  Portugal R 13 PET/CT "8F-FDG,**Ga-SSA 828 19.31 76.10% \ 80.30% \ \ 1,2,34
Romero. et al. 2017 [34] ~ Spain R 18 PET/CT 8F-DOPA;'®F-FDG 311.1 11.6 57% 100% \ \ \ 1,34
Ozkan. etal. 2015 [37] Turkey R 22  PET/CT 8F-FDG;*®Ga-SSA 871.5 11.2 51.70% \ 91.10% \ \ 1,2,3
Treglia. et al. 2012 [39] ltaly R 18 PET/CT "8F-DOPA;'®F-FDG;- 2580 67.6 28% 85% 20% \ \ 1,34

#Ga-SSA
Jang. et al. 2010 [41]  Korea R 17 PET/CT " C-metheilin;'®F- 370 13.8 79.50% \ \ 72.70% \ 1,2,3,4

FDG
Hoegerle. et al. 2001 Germany P 11 PET "8F-DOPA;'®F-FDG 11209  165.1 43.70%  87.50% \ \ \ 1

[44]

1, lymph nodes; 2, lung; 3, bone; 4, liver.
CEA, carcinoembryonic antigen; Ctn, serum calcitonin; P, prospective; PET/CT, PET computed tomography; R, retrospective.

Fig. 2
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Publication bias of included studies with sensitivity analysis at different metastatic sites. [Funnel plot for PET imaging with 5 different radiopharma-
ceuticals for the sensitivity in each site of metastatic MTC with different analytic criteria. In all 4 metastatic sites network meta-analyses, individual
studies are distributed symmetrically and towards the top, there was no evidence of publication bias. (a) E.FDG: (b) '®F-DOPA; (c) ®8Ga-SSA;

(d) ""C-methionine; (e) TFQ/GSGa—IMPQSB.].

Network meta-analysis

The network meta-analysis was performed for different
radiopharmaceuticals in metastatic M'TC. We analyzed
four metastatic sites (lymph nodes, lung, liver, and bone)
respectively. For each site, we first generated network
geometry. The network geometry showed the direct or
indirect interventions between RCTs, and the edges’
width and the nodes’ size revealed the number of articles.
After that, we performed an overall inconsistency test,
the level of global inconsistency was computed accord-
ing to the type of between-radiopharmaceutical compar-
ison for all cases. Meanwhile, we used the node-splitting
method for the local inconsistency test, in which each
radiopharmaceutical was individually examined, and
the outcomes of direct and indirect comparisons were
statistically tested. The inconsistency was remarkable
when the P-value was < 0.05 in both the overall and local

inconsistency test, which meant the transitivity of data
is not statistically significant. Then, we made a network
meta-analysis and generated a league table of five PE'T/
CT radiopharmaceuticals in each metastatic site. The
league table contained the relative effectiveness [odd
ratio (OR) value] and its uncertainty (95% confidence
interval) for each pair of interventions. Finally, based on
a Bayesian approach, we performed surface under the
cumulative ranking curve (SUCRA) to determine the
probability of each PE'T pharmaceutical being the best in
different metastatic sites. The SCURA value presented
the probability that each radiopharmaceutical will be
the most sensitive modality in distinct metastatic sites.
The radiopharmaceutical will rank higher if the SUCRA
value is greater. We also integrated the SUCRA plot into
a single figure to display the ranking probability more
concisely.



Statistical analysis

All data from each eligible study was extracted in Excel
2016 (Microsoft Corporation, Redmond, CA). We used
STATA version 17.0 software (Stata Corp LP) to make
pairwise meta-analyses for direct comparisons of radiop-
harmaceuticals before network meta-analyses, and the
results showed the estimation value of the OR and 95%
credible intervals (95% CI) of sensitivity for each met-
astatic site. Heterogeneity was analyzed using a x* test,
with a Pc value of less than 0.05 suggesting significant
heterogeneity. In addition, an I statistic was adopted
to evaluate the degree of heterogeneity [27,28]. Based
on Cochrane’s Handbook, a rough classification of the
I? index is as follows: low heterogeneity (0-40%), mod-
erate heterogeneity (30-60%), substantial heterogene-
ity (50-90%), and considerable variability (75-100%).
The Pc < 0.05 or I > 50% for heterogeneity would be
considered significant differences. Based on the results,
different method models would be chosen. A random-ef-
fects model was regularly used whether the n Pr value
was larger than 0.05 or I? was less than 50%; otherwise, a
fixed-effect model would be performed. Finally, we per-
formed the Bayesian network meta-analysis and specific
graphical analysis as mentioned above; R software 4.1.0
(R Foundation for Statistical Computing) and STATA
version 17.0 software (Stata Corp LLP) were used accord-
ing to previous studies [26,29,30].

Results

Literature search and selection of studies

After the comprehensive computerized search was
performed and references lists were extensively cross-
checked, our research yielded 1618 records on or before
April 11, 2022, including 411 articles from Pubmed, 739

PET/CT sensitivities NMA in MTC Lietal. 1119

articles from Web of Science, 460 articles in Embase,
8 articles from Cochrane Library, 5 articles from refer-
ences. Excluding the duplicates, unrelated topics, uno-
riginal clinical studies, non-English articles, and studies
withoutoriginal data, 19 full-textarticles [3,12,17,19,31-
44] were assessed for possibly eligible. Finally, 9 stud-
ies [3,19,32-34,37,39,41,44] were selected because of
the eligibility for the systematic review and network
meta-analysis. There were 10 articles excluded due to
the following reasons: We removed 4 full-text articles
[17,34,40,42] because the original sensitivity data (‘TP
and FN) could not be reached or calculated; In addi-
tion, 6 studies [12,31,35,36,38,43] that only used one
PET/CT radiopharmaceutical were also excluded.
There were no additional studies found by screening
the references of these articles. The detailed procedure
of study selection in the current meta-analysis is shown
in Fig. 1.

Study description and characteristics

The basic characteristics of the included studies were
presented in Table 1. A total of 243 patients with 5 dif-
ferent PE'T radiopharmacecuticals were included for
sensitivity analysis in MTC. We conducted all anal-
yses based on the sensitivity data of each metastatic
site. Among 9 included studies, 7 were published in
European countries, while 2 were published in Asian
countries. There were 2 prospective [33,44] and 7 ret-
rospective studies [3,19,32,34,37,39,41]. Of 9 studies,
8 studies [3,19,32-34,37,39,41] acquired images with
a PE'T/CT scanner, whereas 1 study [44] used PET
scanner. '’F-DOPA PET or PET/CT was performed
in 5 studies [32-34,39,44], whereas ®*Ga-SSA was per-
formed in 5 studies [3,19,33,37,39], and "*F-FDG was

Table 2 Pairwise meta-analysis results for the direct comparison between two radiopharmaceuticals

Heterogeneity 95% ClI

Comparisons k 12 Pc OR Lower Upper
Lymph nodes

Avs.B 3 0% <0.001 0.04 0.01 0.14

Bvs.C 2 45.9% <0.001 10.95 4.41 2719

Avs.C 4 76.2% 0.118 0.29 0.06 1.37

Avs.D 1 NA NA 0.13 0.01 1.15

Evs.B 1 NA NA 16.99 3.88 74.35
Bone

Avs.B 2 9.5% 0.004 0.04 0.00 0.35

Bvs.C 2 91% 0.919 1.32 0.01 288.58

Avs.C 4 67.9% 0.122 0.28 0.06 1.40

Bvs. E 1 NA NA 5.44 1.39 21.33
Liver

Avs.B 2 0% <0.001 0.14 0.05 0.42

Bvs.C 2 0% <0.001 202.51 22.75 1802.79

Avs.C 3 50.2% 0.4 2.42 0.31 19.08

Avs.D 1 NA NA 55.86 2.53 1231.23

Evs.B 1 NA NA 24.00 3.02 190.66
Lung

Avs.C 53.4% 0.274 2.1 0.11 42.26

Bvs. E 1 NA NA 2.40 0.36 15.94

A, '®F-FDG; B, '®F-DOPA; C, ®®Ga-SSA; D, ''C-methionine; E, TF2/°*Ga-IMP28; Cl indicates confidence interval; DT, doubling time; k, number of effect sizes; I, Higgins'

12 NA, not available; OR, odds ratio; Pc, Cochrane Q statistics P-value.
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Evidence network plot of 5 different PET radiopharmaceuticals for the sensitivity in each metastatic site of recurrent MTC. [The edges’ width and the
nodes’ size showed the number of articles. '®F-FDG, '®F-DOPA, and ®8Ga-SSA were included in more studies than ''C-methionine and TF2/%%Ga-
IMP28. (a) '®F-FDG; (b) '®F-DOPA; (c) °®Ga-SSA,; (d) ''C-methionine; (e) TF2/°®Ga-IMP288.]

performed in 7 studies [3,19,34,37,39,41,44]. One study
[41] with ''C-methionine PET/CT and another study
[32] with TF2 and ®®*Ga-labeled IMP288 immuno-PET
were also included. Detecting and localizing sensitivity
of lymph nodes were available in all 9 studies [3,19,32-
34,37,39,41,44], whereas liver lesions were available in
7 studies [3,19,32-34,39,41], bone lesions were availa-
ble in 8 studies [3,19,32-34,37,39,41] and lung lesions
were available in 6 studies [3,19,32,33,37,41]. The
average value of serum calcitonin (Ctn) and CEA in
8 studies [19,32-34,37,39,41,44] was 1213.3 pg/ml and
44.5 ng/ml, respectively. There was 1 study [3] with
no original Ctn and CEA data. All patients in these

studies had elevated Ctn or CEA. The overall sensitiv-

ity of each PET radiopharmaceutical was also shown
in Table 1.

Study quality assessment and publication bias

Results of the QUADAS-2 assessment are presented in
Fig. 2. The quality of studies varied from moderate to
high. The quality of the included studies was deemed
satisfactory. The statistical approaches for the publication
bias or small-study effect in 9 studies are shown in Fig. 3.
In all 4 metastatic sites network meta-analyses, individ-
ual studies are distributed symmetrically about the com-
bined effect size and toward the top of the graph. Thus,
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Network Meta-analysis results of 5 different radiopharmaceutical sensitivities in each metastatic site. (Each column in the table showed the OR value

and 95% confidence interval between the two radiopharmaceuticals.).

Table 3 SCURA values of five PET/CT radiopharmaceuticals
sensitivities in four metastatic MTC sites

Radiopharmaceutical Lymph nodes Bone Liver Lung
A 0.000 0.011 0.000 0.283
B 0.005 0.301 0.021 0.158
C 0.000 0.319 0.000 0.037
D 0.021 0.218 0.000 0.412
E 0.974 0.151 0.979 0.110

A, "®F-FDG; B, "®F-DOPA; C, ®8Ga-SSA; D, '"C-methionine; E, TF2/°Ga-IMP28.

there was no obvious evidence of publication bias in the
current network meta-analysis.

Pairwise meta-analysis

We performed a direct paired comparison of 5 types
of radiopharmaceuticals for detection sensitivity in 4
metastatic sites (lymph nodes, lung, liver, and bone).
As shown in Table 2, the estimated odds ratio (OR)
and 95% confidence interval (95% CI) of pairwise
meta-analysis for the sensitivity of metastatic MTC
were analyzed. For both lymph nodes and liver meta-
static lesions, TF2/°*Ga-IMP288 had a relatively high
sensitivity (Lymph nodes: OR, 16.99; 95% CI, 3.88-
74.35; Liver: OR, 24.00; 95% CI, 3.02-190.66). While for
bone lesions, "*F-DOPA had a high detection sensitiv-
ity (OR, 1.32;95% CI, 0.01-288.58). However, there was
no relationship between the 2 individual meta-analyses
for lung lesions, so the pairwise meta-analysis result
was missing.

Evidence network and inconsistency test

The evidence network map for each metastatic site was
shown in Fig. 4. A greater number of M'TC patients were
detected by the "F-FDG, "F-DOPA, and *®*Ga-SSA;
these tests had comparatively more investigations. We
performed a global inconsistency test in 4 metastatic
sites by an overall inconsistency model. All p values of
analyzed sites were larger than 0.05 (bone 0.44, liver 0.07,
lymph nodes 0.42), except for lung lesions, which was not
applicable for the inconsistency model because of no loop
in lung analysis (Fig. 4). In the local inconsistency test,
node-splitting results showed consistency among the
direct and indirect evidence of all outcomes. All p values
of other sites were larger than 0.05 except for *F-DOPA
vs. "F-FDG and "F-DOPA vs. ®*Ga-SSA in lung lesions.
Therefore, the consistency model was mainly applied in
the current study.

Network meta-analysis of five radiopharmaceuticals in
four metastatic sites

Figure 5 shows the network meta-analysis results of 5
radiopharmaceuticals in 4 metastatic sites. For detect-
ing and localizing both lymph nodes and liver metastatic
lesions, the PET/CT with TF2/°*Ga-IMP288 was signifi-
cantly better than other radiopharmaceuticals (OR, 16.99;
95% CI, 1.61-179.49. OR, 24.00; 95% CI, 1.06-545.41,
respectively). The “*Ga-SSA and 'F-DOPA showed
approximately the same efficacy and they were relatively
better than the other 3 radiopharmaceuticals for bone



1122 Nuclear Medicine Communications 2023, Vol 44 No 12

Fig. 6
T s e S G G —— S S = > = — Sl
- —
® - '3
a7 /// £
0 - -~/ / CE
> 4 C 2
= - / / =
3 / 7/ / 3
ol / / / 2o
8@ / / / / £
r / / / / s
%v- / // / / ‘%v.
S Y 4 / KA
£ 4 / £
3 / /7 / 2
3 s 3
N o / // // / N o
I o /
Vs // —_—
o [ — s o
1 2 ; 4 5 1 2 4 5
rank rank
Lymph Nodes Bone
———pA =B e e ) e ———pA mmmm B e e ) e
Lymph nodes Bone
= [ ——— P ———————— iy =l m—
/ ,af” et // ’,f”:,f:;///
@ / / / / © e S
> / / > T —r7 7
£ / / £ - T s
3 / / / / F AT e /
é“‘-!- / 7 | / / gw,. /// Z /7
% / / // / % /5/ /4 ///
%v /  § / / ,E_V //’/ -~ g
o / / / / Cooh // //// ——
g / / / / § |7 T e
o / / / © /’ /”
o~ & 5] T
v 4 i b = g //’/
¥/ BRI i -
oy [ S S A o
1 2 3 4 5 1 2 3 4 5
rank rank
Liver Lung
———A === B === =] =———EF ———A ==—=B === == =———E
Liver Lung

SUCRA plots of five radiopharmaceutical sensitivities in each metastatic site. (SUCRA plots showed the cumulative probability of each radiophar-
maceutical to rank first to fifth. The most effective radiopharmaceutical had the highest level at the ‘RANK 1’ site. (a) '°F-FDG; (b) '®F-DOPA; (c)

58Ga-SSA; (d) "' C-methionine; (e) TF2/°8Ga-IMP288.).

lesions (OR, 1.04; 95% CI, 0.05-20.99). For lung lesions,
BE_-FDG and "'C-methionine showed almost the same
efficacy and they were better than the other 3 radiop-
harmaceuticals although the difference was statistically
insignificant (OR, 1.00; 95% CI, 0.01-190.83).

The corresponding SUCRA values and Bayesian rank-
ing probabilities of five different radiopharmaceuticals
for each metastatic site were shown in Table 3 and
Fig. 6. TF2/**Ga-IMP288 ranked first at both lymph
nodes (SUCRA value: 0.974) and liver (SUCRA value:
0.979) metastatic lesions. Meanwhile, *F-DOPA
(SUCRA value: 0.301) and ®®*Ga-SSA (SUCRA value:
0.319) were approximately the same which meant the
highest probability of ranking first in bone lesions.
"C-methionine showed the best ranking in detecting
and localizing lung metastatic lesions (SUCRA value:
0.412).

Discussion

Though M'TC was not common in thyroid carcinoma,
its high recurrent and metastatic rate made patient man-
agement difficult in clinical practice. Many studies had
reported that PET/CT showed better efficacy than con-
ventional imaging methods in detecting metastatic or
recurrent M'T'C lesions [45]. However, different radiop-
harmaceuticals had different sensitivities in various met-
astatic sites [46]. Although one meta-analysis reported
an extremely cursory outcome of different radiophar-
maceuticals 3 years ago, there was no systematic review
and network meta-analysis for different radiopharma-
ceutical sensitivities at different sites of local or distant
metastatic lesions. The radiopharmaceuticals included
in that meta-analysis were not all commonly used in
clinical practice, and it did not analyze the sensitivities
of radiopharmaceuticals at common metastatic sites. It
is still unknown which radiopharmaceutical is the most



sensitive technique in different metastatic locations. As
far as we know, our study is the first network meta-analy-
sis that compared sensitivities of five novel and common
PET/CT radiopharmacology in the four most common
metastatic sites (Lymph nodes; Lung; Bone; Liver). We
aimed to provide knowledge-based evidence for clini-
cians to choose a proper PET/CT radiopharmaceutical
for different metastases and improve the diagnosis and
treatment for M'T'C patients.

In our study, TF2/**Ga-IMP288 showed the maximum
probability to be the best PET/CT radiopharmaceu-
tical for both lymph nodes and liver metastatic lesions.
While the highest probability of ranking first for bone
lesions was indicated by the similar sensitivities between
F-DOPA and “*Ga-SSA. For detecting and localizing
lung lesions, ''C-methionine had the most probability to
be the most effective radiopharmaceutical. We hypothe-
sized that these findings might be caused by the different
imaging mechanisms used by different PET/CT radiop-
harmaceuticals in detecting tumor lesions.

TF2 is an engineered bispecific mAb that can recog-
nize human CEA and histamine-succinyl-glycine motif.
IMP288 is a hapten that can be marked by radionuclides
[47]. TF2/°*Ga-IMP288 immuno-PET was first reported
in metastatic MTC by Mi/in [48], and it was the most
sensitive and effective method compared to "*F-DOPA
and other conventional imaging. Meanwhile, immu-
no-PET was the newest method in nuclear medicine and
showed more encouraging results than common PET or
PET/CT in clinical practice [49,50]. It is currently one of
the most promising areas in nuclear medicine research.
Our network meta-analysis indicated that immuno-PET
with TF2/**Ga-IMP288 showed the best efficacy in
lymph nodes and liver lesions. While in bone and lung
metastatic lesions, TF2/°*Ga-IMP288 had a lower rank-
ing than other common radiopharmaceuticals. The
possible reason for this discovery is TF2/®*Ga-IMP288
combines the benefits of TF2’s high targeting ability and
the imaging features of ®*Ga-IMP288. Therefore, when
lymph nodes and liver metastatic lesions secret more
CEA, these sites could attract more TF2/Ga-IMP288.
A growing number of studies about immuno-PET and
TF2/**Ga-IMP288 are now being carried out to provide
further knowledge and evidence [51].

BE-DOPA accumulates and decarboxylates in neuroen-
docrine tumors which can be transferred into tumor cells
through L-amino acid transporters. "*F-FDG was known
as a tumor radiopharmaceutical by participating in the
Glucose metabolism of tumor cells. In previous studies,
BF-DOPA showed better efficacy than "*F-FDG in recur-
rent and metastatic MTC. "*F-FDG is used as a comple-
mentary method of BE_DOPA in these patients [52]. In
our network meta-analysis results, we found the same
conclusion. "*F-DOPA ranked best and had almost the
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same efficiency as ®®Ga-SSA in bone metastatic lesions,
while "F-FDG ranked in last place. And in the other 3
metastatic sites except for lung lesions, "*F-DOPA ranked
higher than "F-FDG. Intracellular decarboxylation of
"F-DOPA is a feature of the neuroendocrine origin of
MTC. We can assume that a higher "*F-DOPA uptake
is relative to a higher degree of cell differentiation, this
might explain the better performance of "*F-DOPA than
PF-FDG [53].

%Ga-somatostatin analog is another common radiop-
harmaceutical used in M'TC. However, there is still
an unclear conclusion compared with ""F-DOPA and
E_-FDG because of limited studies with other PET
radiopharmaceuticals [34]. In our network meta-anal-
ysis results, ®*Ga-SSA and ""F-DOPA are almost tied
for first in detecting bone metastatic lesions. Beyond
that, "*F-DOPA was better than ®®Ga-SSA in all other
sites. While ®*Ga-SSA seems to have similar sensitiv-
ity with ""F-FDG except for bone lesions. Our discov-
ery indicated that ®*Ga-SSA may be used as another
complementary method for "*F-DOPA or can be the
first choice for detecting suspicious bone metastatic
lesions.

""C-methionine is a commonly used amino acid tracer.
It has been used in rectal, breast, lung, and prostate
cancers, because methionine is necessary for protein
synthesis, and its derivatives S-adenosyl methionine
are accelerated in tumor cells [54-56]. Although it was
not commonly used in M'TC, our results show the best
sensitivity in detecting and localizing lung metastatic
lesions. However, its performance was limited at other
sites. More studies about 'C-methionine needed to be
launched to provide more data and evidence to validate
our results.

T'his network meta-analysis and systematic review had
some limitations. First, we only evaluated sensitivities
without specificity of five radiopharmaceuticals in four
sites, because most of the studies involved sensitivity
only. The specificity was not mentioned in these original
clinical studies. Meanwhile, sensitivity was important to
avoid the missed-diagnosis rate (reduce the false-nega-
tive rate) [57-60]. Secondly, there was an unequal number
of clinical trials for each radiopharmaceutical. This may
be the result of the limited number of original studies
due to the low incidence of M'TC and the fact that some
radiopharmaceuticals are still in the clinical research
stage (e.g. TF2/**Ga-IMP288 and ''C-methionine).
Despite the unequal number of studies objectively pres-
ent, our results from the inconsistency test indicated low
inconsistency and strong transitivity between studies.
Consequently, our outcomes were credible. We expect
more studies for evaluating the sensitivity of different
PET/CT radiopharmaceuticals in different distant meta-
static sites will be carried out to provide more convincible
evidence.
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Conclusion

In conclusion, TF2/Ga-IMP288 PET or PET/CT
showed the best performance for detecting and localiz-
ing lymph nodes and liver metastatic lesions of M'TC.
F-DOPA and ®*Ga-SSA had a familiar performance and
showed a higher SUCRA than other radiopharmaceuticals
for bone metastatic lesions. For lung metastatic lesions,
"C-methionine had the best performance among the 5
radiopharmaceuticals. Additionally, more multi-center
clinical trials on radiopharmaceutical sensitivities in
detecting and localizing metastatic sites were expected
to be carried out in the future.
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