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ABSTRACT

Objective The purpose of this study was to evaluate the
diagnostic accuracy of 6 different imaging modalities for
differentiating glioma recurrence from postradiotherapy
changes by performing a network meta-analysis (NMA)
using direct comparison studies with 2 or more imaging
techniques.

Data sources PubMed, Scopus, EMBASE, the Web of
Science and the Cochrane Library were searched from
inception to August 2021. The Confidence In Network
Meta-Analysis (CINeMA) tool was used to evaluate the
quality of the included studies with the criterion for study
inclusion being direct comparison using 2 or more imaging
modalities.

Data extraction and synthesis The consistency was
evaluated by examining the agreement between direct
and indirect effects. NMA was performed and the surface
under the the cumulative ranking curve (SUCRA) values
was obtained to calculate the probability of each imaging
modality being the most effective diagnostic method.

The CINeMA tool was used to evaluate the quality of the
included studies.

Main outcomes and measures Direct comparison,
inconsistency test, NMA and SUCRA values.

Results A total of 8853 potentially relevant articles

were retrieved and 15 articles met the inclusion criteria.
'8F-FET showed the highest SUCRA values for sensitivity,
specificity, positive predictive value and accuracy, followed
by "®F-FDOPA. The quality of the included evidence is
classified as moderate.

Conclusion and relevance This review indicates that
'8F_FET and "8F-FDOPA may have greater diagnostic value
for glioma recurrence relative to other imaging modalities
(Grading of Recommendations, Assessment, Development
and Evaluations B).

PROSPERO registration number CRD42021293075.

INTRODUCTION

Glioma is one of the most common primary
brain tumours and accounts for about 25%
of primary tumours in the central nervous
system.! The treatment of glioma is very diffi-
cult, especially for the high-grade glioma such
as glioblastoma multiforme (GBM). Even
with the standardised treatments, including
surgery, radiotherapy and chemotherapy,
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Radiotherapy has been considered an important
cornerstone treatment for glioma; however, the
postradiotherapy imaging changes are often difficult
to distinguish from glioma recurrence.

= Comparison of the diagnostic effectiveness of five
different tracers PET or PET/CT imaging and MRI
for differentiating glioma recurrence from postra-
diotherapy changes by performing a network
meta-analysis.

= This is the largest meta-analysis with the largest
number of included studies and sample size to date,
and is the best evidence currently available.

= No closed loop is formed in network graph.

= The Grading of Recommendations, Assessment,
Development and Evaluations approach resulted
in an assessment of the quality of evidence in our
study as moderate.

tumour recurrence is common and the prog-
nosis is very poor. However, the timing of
relapse is difficult to predict; in particular,
pseudoprogression and radionecrosis after
radiotherapy show enhanced lesions on MRI,
which are often difficult to distinguish from
glioma recurrence. The distinction between
the two is of great importance for the selec-
tion of a treatment plan in clinical follow-up.”

The widely used the Response Assessment
in Neuro-Oncology (RANO) assessment
criteria have limitations in differentiating
true tumour recurrence from postradio-
therapy changes. Although biopsy has a high
diagnostic accuracy, as an invasive examina-
tion with many risk factors such as the need
for additional surgery, sampling bias and risks
of neurological complication, it is not suit-
able for all patients.”*

In recent years, with the rapid development
of radiological imaging technology, the poten-
tial role of PET with different tracers and
advanced MRI sequences in differentiating
postradiotherapy changes from true glioma
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recurrence is becoming increasingly prominent. Existing
studies indicate that the combination of multiple advanced
imaging methods can improve the accuracy and specificity
of the diagnosis of glioma recurrence.”® Although several
studies have been published, the best imaging methods for
differentiating glioma recurrence from postradiotherapy
changes have not been conclusively determined. The aim
of this study was to compare the diagnostic effectiveness
of six imaging methods, including five conventional PET
radiotracers and MRI, for differentiating glioma recur-
rence from postradiotherapy changes by performing
a network meta-analysis (NMA). This was conducted
to provide more evidence-based data for guidelines on
the appropriate use of different imaging modalities for
follow-up of patients with glioma after radiotherapy.

MATERIALS AND METHODS

Literature search

A systematic review and NMA were performed according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses extension statement for NMA of
healthcare intervention guidelines.7 The original study
protocol was registered with PROSPERO prior to initia-
tion of the systematic search as an a priori study design
(CRD42021293075). PubMed (August 2021), Scopus
(August 2021), EMBASE (August 2021), the Web of
Science (August 2021) and the Cochrane Library (August
2021) were searched independently by two investigators
(with experience of >9 years and 8 years, respectively, in
the field of evidence-based medicine/radiodiagnosis).
The language was limited to English. The search strategy
was based on the Bayes Library of Diagnostic Study and
Reviews.® All searches used a combination of free words
and Medical Subject Headings terms. Google Scholar and
the Medical Matrix search engine were used to identify
relevant literature.

Selection of articles

Inclusion criteria

» Type of research: detection of glioma recurrence with
different imaging modalities.

» Object of study: Patients suspected of having recur-
rent glioma with no age, gender, race or country
restrictions.

» Reference standard for all studies: histopathological
analysis (surgery, biopsy), intraoperative observation
and/or follow-up examination.

» Diagnostic method: PET or PET/CT or MRI.

Exclusion criteria

» Two-by-two table of data could not be extracted.
» Abstract form only or conference proceedings.
» Single-arm study for glioma recurrence.

» Non-English articles.

Literature screening
The retrieved literature was cleared of duplicates and
two reviewers independently reviewed the abstracts and

further examined the full-text articles of potentially
eligible citations. Any disagreement in article selection
was resolved through discussion and consultation.

Data extraction

The relevant data were extracted from each study,
including first author, study nation, publication year and
descriptions of the study population, study design charac-
teristics, per-lesion/per-patient studies and the reference
standard. For each study, values for true positive (TP),
false positive (FP), false negative (FN), true negative
(TN) were extracted. If an included study had more than
one observer evaluating the imaging sets, the number of
TP, TN, FP and FN for each observer were calculated, and
Two-by-two tables were constructed. If the studies did not
report these values, two-by-two tables from the diagnostic
estimates presented in the article for each index test were
constructed. To resolve disagreements between reviewers,
the opinion of the majority was used for further analysis.

Quality assessment
The Confidence in Network Meta-Analysis (CINeMA) tool
was used to evaluate the credibility of results.” CINeMA
is broadly based on the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE)
framework.!” It covers six domains: (1) within-study bias
(referring to the impact of risk of bias in the included
studies), (2) reporting bias (referring to publication and
other reporting bias), (3) indirectness, (4) imprecision,
(5) heterogeneity and (6) incoherence. Reviewers assess
the level of concerns for each relative effect from NMA
as giving rise to ‘no concerns’, ‘some concerns’ or ‘major
concerns’ in each of the six domains. Then, judgements
across the domains are summarised into a single confi-
dence rating (‘high’, ‘moderate’, ‘low’ or ‘very low’).

The six domains are relevant to all aspects of the system-
atic review, including literature search, data extraction
and statistical analysis. Within-study bias refers to limita-
tions that may lead to a biased estimated relative treat-
ment effect. Reporting bias results from the inclusion of
a non-representative set of studies, which may result from
an incomplete literature review. Indirectness addresses
the relevance of the studies, including characteristics of
the population, any interventions and the outcomes of
interest. A core assumption of NMA is transitivity; there is
a true relative treatment effect that applies to all studies
regardless of the treatments compared. Assessment of
transitivity is difficult and usually involves the distribu-
tion of effect modifiers for each comparison. CINeMA’s
approach to indirectness incorporates the assumption
of transitivity by identifying those comparisons that may
result from different definitions of the setting of interest.
Assuming transitivity implies that the agreement of the
estimated treatment effects is correct. This can be assessed
by the incoherence domain in CINeMA.

Finally, the imprecision and heterogeneity domains
address the confidence in the estimated effect and the vari-

ability in the results that contribute to each comparison'’;

2

Xiaoxue T, et al. BMJ Open 2023;13:¢062555. doi:10.1136/bmjopen-2022-062555



see details in online supplemental annex 1 and online
supplemental figure S1.

The Quality Assessment of Diagnostic Accuracy Stud-
ies-2 (QUADAS-2) tool was used to assess the risk of bias
and applicability for each study.?

CINeMA tool (https://cinema.ispm.unibe.ch) and
QUADAS-2 in Review Manager (V.5.3, 2014; The Nordic
Cochrane Centre, The Cochrane Collaboration, Copen-
hagen, Denmark) software was used to score the included
studies and assess their methodological quality. Statis-
tical evaluation for publication bias was not performed
as this is no longer recommended based on best practice
recommendations by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses of diagnostic test
accuracy(DTA) group."”

Data synthesis and statistical analysis

NMA was carried out for the various imaging modalities
under study. We also carried out patient-based analyses for
NMA. A direct comparison was conducted using a tradi-
tional pairwise meta-analysis, and the results had a 95%
credible interval in sensitivity (SEN), specificity (SPE),
positive predictive value (PPV), negative predictive value
(NPV), accuracy and diagnostic OR (DOR); see details in
online supplemental information 2. Based on the hetero-
geneity, the random-effect model was used for further
analysis; in the absence of heterogeneity, a fixed-effect
model was used. Bayesian NMA and specific graphical
analysis used the ‘gemtc’ package in R software V.4.1.1 (R
Foundation for Statistical Computing) and Stata V.15.1
software (StataCorp, College Station, Texas, USA).14
Using the previously described technical implementation
of the Bayesian method using R software, a prior distri-
bution (prior probability) was identified. The likelihood
was calculated from the existing data and a Bayesian
hierarchical model was created in NMA. Third, the prior
distribution and likelihood were used in a Markov chain
Monte Carlo (MCMC) simulation and a distribution that
best represents the posterior distribution was set. The
probability of stable distribution and the area under the
posterior distribution function was determined by MCMC
simulation, and statistical reasoning was carried out for
the treatment effects with the posterior distribution (see
details in online supplemental information 3 and online
supplemental figure S2). Therefore, Bayesian NMA was
used to analyse the posterior distribution even when it was
not a standard distribution. For the MCMC simulation,
a model that showed the best convergence was selected
by adjusting the number of chains appropriate for multi-
chain, the data for removal of the initial effect (burn-
in), the number of iterations and the extraction interval
(thin). In models of both patient-based and lesion-based
NMA, we selected a random-effect model with 4 chains,
5000 burn-ins, 10000 iterations and an interval of 1 to
remove the effect of the initial values, increase the iter-
ations and extraction interval and minimise the MCMC
error and stability of various plots.”” '® We determined
the consistency by examining the agreement between

the direct and indirect treatment effects. Consistency of
the assumptions of NMA is a critical measure that deter-
mines the applicability of NMA results. The node-splitting
analysis method was used to assess inconsistency for any
treatment in the network because it evaluates whether
direct and indirect evidence for a particular node is
consistent. To assist in the interpretation of diagnostic
results, the SUCRA was used to calculate the probability
of each imaging modality being the most effective diag-
nostic method using a Bayesian approach with probability
values, and the greater the SUCRA value, the better was
the rank of the intervention'’ 18; see details in online
supplemental information 4, online supplemental figure
S3, online supplemental table SI.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Literature search and selection of studies

A total of 32019 potentially relevant articles were initially
retrieved from PubMed, Scopus, EMBASE, the Web of
Science and the Cochrane Library, and 311 studies were
eligible for further review. On further inspection, 296
publications were excluded using a retrieval strategy. Ulti-
mately, 15 studies were eligible for the final meta-analysis
(figure 1); using PubMed as an example, the detailed
search strategy and query terms are shown in table 1.

)

Records removed before
screening:
Duplicate records removed
(PubMed (n =15047), Scopus (n . (n=3261)
=2828), Web of Science (n =4936), Records marked as ineligible
Cochrane Library (n =3654), by automation tools (n =0 )
Embase (n =5554) Records removed for other
reasons (n =0 )

Records screened (n=28758) [ % Records excluded (n=28447)

}

Records identified through database
searching(n=32019):

Identification
A

Full-text articles assessed for Abstract form only or conference
- eligibility > i
2 (n=311) proceedings
c =
@ (n=39)
: |
=3
(7]
Reports assessed for eligibility N .
(n=272 > Reports excluded:
®  two-by-two table of data could not be
extracted (n=240)
®  Single-arm study (n=17)
—
A4
3 Studies included in review and
° -
= network meta-analysis
2 (n=15)
Figure 1 Flow chart of the study selection process.
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Table 1 Literature search strategy

Step no. Query

#1 Glioma

#2 Glioma[MeSH]

#3 “Glial Cell Tumor”

#4 “Brain tumor”

#5 Astrocytoma

#6 Glioblastoma

#7 Recurrent

#8 Recurrence

#9 Progressive

#10 “After resection”

#11 Residual

#12 “Radiation injury”

#13 “Radiation necrosis”

#14 “Radiation Injuries”[MeSH]
#15 #1 OR #2 OR #3 OR #4 OR #5 OR #6
#16 #7 OR #8 OR #9 OR #10 OR #11
#17 #12 OR #13 OR #14

#18 #16 OR #17

#19 #15 AND #18

MeSH, Medical Subject Headings.

Study description

A total of 15 articles from 9 countries with a total of 513
patients were evaluated.'”™ Four of the studies compared
the diagnostic performance of '""F-FDG PET or PET/CT
with MRL'?# 2% Tyo of the studies compared the diag-
nostic performance of BE.DOPA PET/CT with MRI* %
Two of the studies compared the diagnostic performance
of ""FFET PET or PET/CT with MRL*' * Three of the
studies compared the diagnostic performance of ''C-
MET PET PET or PET/CT with MRL** * Two of the
studies compared the diagnostic performance of "*F-FDG
with ""F-FLT.*" ** One of the studies compared the diag-
nostic performance of ""F-FDG with "*F-FDOPA.*® One
of the studies compared the diagnostic performance of
BEFDG with ""C-MET.*® Data extracted from these indi-
vidual studies are summarised in table 2.

Certainty of the evidence assessed by GRADE approach

While in the GRADE approach appropriate accuracy
studies start as high-quality evidence about diagnostic
accuracy, two reviewers independently make an overall
judgement on whether the quality of evidence for an
outcome warrants downgrading on the basis of study
limitations. The final decision showed the certainty of
the evidence is moderate (figure 2).

Direct comparison
A direct pairwise comparison of the diagnostic perfor-
mance of included imaging modalities for recurrent

glioma showed that MRI was less sensitive and less specific
than ""C-MET, ""FFDG, ""F-FDOPA and "*F-FET.

Evidence network

Figure 3 reveals that ''G-MET, "*F-FDG PET or PET/CT
and separate MRI have more studies in terms of diagnostic
performances for differentiating glioma recurrence from
postradiotherapy changes.

Inconsistency test

The SEN, SPE, PPV, NPV, accuracy and DOR of the
included imaging modalities were analysed using incon-
sistency tests employing the node-splitting method,'* and
the results indicated consistency among the direct and
indirect evidence of all outcomes, and therefore, the
consistency model was applied in the current study (all
p>0.05).

Network meta-analysis

The trace graph shows that each MCMC chain has
achieved stable fusion from the initial part, and the fluc-
tuation of a single chain cannot be recognised by eye.
The graph distribution of the density graph is basically a
normal distribution, and the above results indicate that
the convergence degree of the model is satisfactory. The
trace and density graph of sensitivity is shown in online
supplemental figure 4. The rank probability graph is
shown in online supplemental figures S5-S10.

As shown in figure 4, in the 95% credibility interval,
the mean difference in SEN, SPE, PPV, NPV, accuracy and
DOR of five different tracers PET or PET/CT imaging
and MRI for differentiating glioma recurrence from
postradiotherapy changes is shown. The results of the
current NMA reveal that the SEN of "*F-FDG was signifi-
cantly lower than that of "G-MET, MRI, '*F-FDOPA or '*F-
FET. The specificity of MRI was significantly lower than
that of ""F-FDG. The NPV of ''C-MET and ""F-FDOPA was
significantly higher than that of '"F-FDG. The accuracy
of ""F-FDOPA and "F-FET was significantly higher than
that of ""F-FDG. There were no statistically significant
differences in PPV and DOR for all imaging modalities.
Overall, the combined diagnostic efficacy of BEFET or
"E.-DOPA PET or PET/CT imaging is superior to other
methodologies.

SUCRA values

Table 3 shows the SUCRA values for five different tracers
PET or PET/CT imaging and MRI for differentiating
glioma recurrence from changes after radiotherapy. The
results of comparisons of SUCRA values and pairwise
comparisons among different diagnostic methods were
consistent.

DISCUSSION

The presence of signs of recurrence in post-treatment
follow-up of patients with glioma suggests a poor prognosis,
with some studies showing that the median survival time
for patients with first recurrence is only 9-10 months.*
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Comparison Number of studies Within-study bias Reporting bias Indirectness

Imprecision

Heterogeneity Incoherence Confidence rating Reason(s) for downgrading

"C-MET : ®F-FDG 1 Some concerns ["Within-study bias"]
C-MET : MR 3 Some concerns ["Within-study bias"]
F-FDG: MR 4 High I
F-FDG:F-FDOPA 1 High i}
8F-FDG : "8F-FLT 2 High il
MR:"F-FDOPA 2 ["Imprecision"]
MR : 8F-FET 2 High [
"C-MET:™F-FDOPA  ( ["Imprecision"]
C-MET : "8F-FET 0 ["Imprecision"]
"IC-MET : '8F-FLT 0 ["Heterogeneity"]
1F-FDG : 8F-FET 0 High [

MR : "8F-FLT 0 ["Imprecision"]
18F-FDOPA : '8F-FET 0 ["Imprecision"]
18F-FDOPA : "8F-FLT 0 ["Heterogeneity"]

18F-FET : 18F-FLT 0 High [l

Figure 2 Assessment of certainty of evidence using the Grading of Recommendations, Assessment, Development and

Evaluations approach.

At this stage, the final diagnosis of suspected recurrence
in patients with glioma still requires continuous MRI
follow-up or surgical biopsy, and there is no standard
imaging technique to achieve differential diagnosis.
Therefore, timely selection of imaging protocols that
can effectively identify glioma recurrence and postra-
diation changes in a timely manner can greatly reduce
the hospitalisation cost, avoid psychological burden on
the patient and assist in guiding clinical decisions, thus
improving patient prognosis. In this paper, we compared
the diagnostic efficacy of five currently used radiotracers,
including "F-FDG, ""C-MET, "F-FDOPA, "F-FLT and

Figure 3 Evidence network plot of the included studies. A
indicates "'C-MET PET or PET/CT: B, '®F-FDG PET or PET/
CT:; C, MRI; D, '®F-FDOPA PET or PET/CT: E, '8F-FET PET or
PET/CT: F, "®F-FLT PET or PET/CT.

"EFET, in PET or PET/CT imaging and MRI in identi-
fying glioma recurrence and postradiation changes.

From the analysis of the results of the two-pair direct
pairwise comparisons and NMA comparisons, it can be
concluded that the two tracers used in positron imaging,
BEFET and 18F—FDOPA, ranked first and second in the
rank probability ranking of SEN, SPE, PPV and accuracy
were higher than other studies, especially BE_FET, which
ranked first with a high probability. In the area under
the cumulative probability plot, the value of SUCRA is
0<SUCRA<1, and when SUCRA is 1, it suggests that the
diagnostic measure is absolutely valid, while when it is
0, it suggests that the diagnostic measure is absolutely
invalid.”® The ranking of diagnostic measures according
to the magnitude of SUCRA values can be performed. 1
FET ranked first in each examination in terms of SUCRA
values for SEN, SPE, PPV and accuracy.?’6

The results of the study show that '*F-FET PET or PET/
CT had better diagnostic efficacy than the remaining
four tracers and contrast-enhanced MRI, and was a more
ideal imaging method to identify glioma recurrence and
postradiotherapy changes; in addition, "*F-FDOPA also
showed better diagnostic performance. It is worth noting
that ""C-MET has a high DOR rank probability ranking
and SUCRA value, and DOR is a comprehensive evalu-
ation index that integrates SEN, SPE, PPV and NPV to
indicate the chance of a positive test result as a multiple
of a negative one.

Both the RANO group and the European Association
for Neuro-Oncology recommend PET/CT imaging in
gliomas.”” PET/CT is a molecular imaging technique that
reflects the metabolism of the lesion and has become an
indispensable tool for the differential diagnosis of brain
lesions in addition to MRI. "*F-FDG shows the level of
tumour glucose metabolism, however, because BEFDG
can accumulate in large amounts in normal brain tissue,
the tumour-background is relatively low, and the imaging
effectis poor for gliomas, especially for low-grade gliomas
with low metabolic levels or lesions close to the grey
matter.®® In contrast, PET imaging with a variety of other
radiotracers, such as amino acids, nucleoside analogues
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Figure 4 Forest plots of SEN, SPE, PPV, NPV and DOR. A indicates ''C-MET: B, ®F-FDG; C, MRI; D, '®F-FDOPA; E, '®F-FET:
F, "8F-FLT. Crl, credibility interval; DOR, diagnostic OR; SEN, sensitivity; SPE, specificity; NPV, negative predictive value; PPV,

positive predictive value.

and spent oxygen tracers, shows new promise in the accu-
rate identification of glioma recurrence.

"F-FET, ""F-FDOPA and '""G-MET are amino acid-
based tracers that have been increasingly used for glioma
imaging in recent years and are highly recommended
by the RANO group.” Amino acid tracers can be used
in many aspects of glioma diagnosis and treatment,
including tumour grading, guiding biopsy, outlining
radiotherapy target areas, detecting efficacy and iden-
tifying postradiation changes and residual lesions or
recurrence. The imaging principle is that the uptake of
amino acid developers is relatively low in normal brain
tissue, whereas the upregulation of amino acid trans-
port proteins and increased metabolism of amino acids
in tumour cells increases the uptake of radionuclide-
labelled amino acid tracers by the tumour, resulting in
better tumour-background contrast in PET imaging.**™**

Evangelista ¢t al compared and concluded that 'F-
FDOPA and "F-FET PET/CT have similar diagnostic
accuracy for high-grade glioma recurrence.” Gall-
diks et al reported that "BF-FET or "*F-FDOPA positron
imaging studies consistently showed that both have
higher diagnostic accuracy of at least 80%-90%."* The
results of the reticulated meta-analysis in this paper
also confirms the better diagnostic efficacy of "*F-FET
and "*F-FDOPA, especially "®F-FET. Ginet et al showed
that for both "F-FET and FDOPA, further analysis of
the time-activity profile of tracer uptake in the tumour
helped in the differential diagnosis.45 Pyka et al found
that dynamic multiparametric analysis of "F-FET PET
can further increase its diagnostic efficacy, especially
when there is a need to improve the specificity of the
diagnosis.46 In addition, it has also been shown that 18,
FET PET is a powerful tool to discriminate glioblastoma

Table 3 SUCRA values of six different imaging techniques

SUCRA values

Treatments SEN SPE PPV NPV Accuracy DOR
"C-MET 0.69718 0.15435 0.25959 0.77682 0.59186 0.87721
8F-FDG 0.05844 0.72811 0.67868 0.05999 0.11294 0.25123
MRI 0.38591 0.22906 0.19792 0.30035 0.31358 0.5384
8 F_.FDOPA 0.81179 0.62498 0.6739 0.8406 0.83207 0.45442
8E-FET 0.84422 0.73569 0.68052 0.63179 0.90319 0.48202
E-FLT 0.20248 0.52782 0.50941 0.39047 0.24637 0.39674

DOR, diagnostic OR; NPV, negative predictive value; PPV, positive predictive value; SEN, sensitivity; SPE, specificity; SUCRA, surface under

the the cumulative ranking curve.
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recurrence from postradiation changes, and to predict
overall survival cycles.*” "'C-MET has a diagnostic accu-
racy of around 75% for glioma recurrence®® *; some
studies have shown that ""C-MET has a similar high
uptake of inflammation as '*F-FDG making its diag-
nostic specificity limited. > Cui et al demonstrated that
PET with "F-FET or "'C-MET had a higher sensitivity
and should be combined with FDG-PET will acquire
better diagnostic performance. *!

"E.FLT is an '"F-labelled nucleoside analogue that
belongs to the non-amino acid PET tracers and is also
often used in glioma studies with good imaging prop-
erties’®; thymidine is one of the nucleosides required
for DNA synthesis, therefore ""F-FLT can respond to
the proliferation rate of tumour cells and can be used
as a marker of tumour aggressiveness.”® "*F-FLT in low-
grade gliomas exhibits a correspondingly low accumu-
lation, preventing its application for the diagnosis of
recurrence in low-grade gliomas.”* In addition, Enslow
et alfound no significant difference in SUVmax param-
eters of “F-FLT PET/CT between glioma recurrence
and post-treatment changes.” A meta-analysis showed
that the SEN and SPE of "®F-FLT for the diagnosis of
glioma recurrence was 82% and 76%, respectively,
and that the overall diagnostic accuracy was improved
compared with "*F-FDG.”

MRI is now commonly used in clinical practice for
routine review and follow-up of patients with glioma
during and after treatment. However, the high inci-
dence of postradiotherapy brain injury, including
early pseudoprogression and late radionecrosis, and
its recurrence with glioma often have similar imaging
features in MRI, thus making it difficult to distinguish
between the two. In recent years, the rapid develop-
ment of multimodality imaging has improved the diag-
nostic efficacy of MRI for glioma recurrence to some
extent, but its diagnostic accuracy and validity are still
limited in accuracy (95% for PET, 63% for PET and
82% for MRI).®

The GRADE approach results in an assessment of the
quality of evidence in our study as moderate. We are
moderately confident in the effect estimate: the true
effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different.
If the impact of this diagnostic method on patients’
important clinical outcome indicators (such as overall
survival or quality of life) is further considered, this
uncertainty will be even greater, so clinicians should be
cautious when using this conclusion.’” %

There are some limitations in this work; first, the
number of studies with two arms and above is small,
the data that can be extracted are limited and no
closed loop is formed. -There is no PET/MRI literature
that meets the criteria for inclusion in this study, so
we hope that more relevant studies will be conducted.
Second, the quality of the included literature has a
GRADE rating of moderate, which may need to be
confirmed by subsequent higher quality studies, and

while MRI examination has integrated some new tech-
niques, these may lead to heterogeneity within the
study and a decrease in diagnostic efficacy. Finally, the
methodology of diagnostic mesh meta-analysis is not
well developed, and although Bayesian mesh meta-
analysis is currently one of the best tools available, it
may require further updates.

CONCLUSIONS

In summary, the results of the reticulated meta-analysis
of this study showed that '"*F-FET and '*F-FDOPA have
the highest diagnostic efficacy (GRADE B) as compared
with other included diagnostic methods, especially
'"F-FET, and the choice should be made after compre-
hensive consideration in clinical practice because of
the different needs for diagnostic efficacy. The above
results need to be confirmed by further studies.
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