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Background: At present, the use of arterial spin-labeling (ASL) imaging to assess the recurrence of gliomas
and post-treatment radiation effect (PTRE) is limited, and the results of studies on ASL are quite different.
To date, no multi-center, large-scale studies have been conducted to confirm its diagnostic efficacy. This
study sought to systematically evaluate the diagnostic value of ASL imaging in distinguishing between glioma
recurrence and PTRE.

Methods: Databases, including Medline, Cochrane Library, Pub Med, Web of Science, Embase, China
National Knowledge Infrastructure, Wan Fang, were searched to retrieve studies that used ASL imaging to
diagnose glioma recurrence and radiation-induced brain injury. The search deadline was August 31, 2021.
Two reviewers independently screened the literature according to set literature inclusion and exclusion
criteria, extracted basic data from the literature, and evaluated the quality of the literature. Revman 5.3
software was used to analyze the included research data.

Results: Ten studies, comprising 216 patients with glioma recurrence and 152 patients with PTRE, were
included in the meta-analysis. The results showed that cerebral blood flow [mean difference (MD) =1.67,
95% confidence interval (CI): 0.89-2.46, P=0.000], relative cerebral blood flow (MD =1.20, 95% CI:
0.91-1.49, P=0.000), and relative cerebral blood volume (MD =1.29, 95% CI: 0.98-1.59, P=0.000); this 3
indicators between glioma recurrence and PTRE were significantly different.

Discussion: ASL imaging has high diagnostic value in distinguishing between glioma recurrence and
PTRE.
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Introduction high recurrence rate after surgery, a high mortality rate, and

. . . . . 1 rer 1,2). Curren ndard treatment plan
Glioma is a tumor that originates from glial cells. It is one a low cure rate (1,2). Currently, the standard treatment pla

of the most common primary intracranial tumors, and for glioma is surgery, followed by comprehensive treatment,
its incidence rate is increasing each year (1). High-grade such as radiotherapy and chemotherapy. Postoperative

gliomas, especially glioblastomas, have a high incidence rate, radiotherapy can prolong the overall survival of patients
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with high-grade glioma (3). Craniocerebral radiation brain
injury, including common pseudo-progression and radiation
necrosis, is a common complication after the comprehensive
treatment of glioma (3-5).

The mechanism of radiation necrosis is not very clear.
It may be related to factors such as direct damage to brain
tissue by radiation, secondary brain tissue ischemia and
necrosis caused by vascular damage, autoimmune response,
and free radical damage (6-9). Most scholars believe that
the above-mentioned mechanisms are not independent of
each other, but that these multi-factors work together (9-11).
Pseudo-progression is a treatment-related response that is
not related to tumor progression, and its incidence is related
to the dose of radiotherapy. The occurrence of pseudo-
progression is more common within 6 months of the end of
treatment (10,11). Most patients have no clinical symptoms
and signs. Compared to the traditional concept of radiation
necrosis, pseudo-progression can be reduced or kept stable
even if it is not treated.

Distinguishing between tumor recurrence and related
changes caused by radiotherapy is essential for the clinical
management of patients with high-grade glioma, as it informs
decisions such as whether second-line treatment drugs should
be used and whether reoperation is necessary. The abundance
of tumor neovascularization is an important indicator that
determines the grade of tumor tissue, the degree of benign
and malignant tumors, and the recurrence of tumors after
chemotherapy or radiotherapy. Perfusion reflects the local
microcirculation level of the lesion and can truly reflect the
neovascularization of the tumor (12,13). Magnetic resonance
perfusion weighted imaging (MRPWI) is an important non-
invasive evaluation method for quantifying the degree of
tumor angiogenesis, and it provides important reference
values for distinguishing the enhancement of glioma after
treatment or tumor recurrence (9). Arterial spin-labeling
(ASL) is a perfusion imaging method that uses labeled blood
hydrogen protons to measure the flow rate, does not require
the injection of exogenous contrast agents, and can be used to
assess tumor angiogenesis (10,14). ASL can accurately reflect
and monitor brain perfusion information, and can be used as
a supplementary examination for patients with impaired renal
function who require long-term follow-up care. Currently,
the use of ASL to assess glioma recurrence and post-
treatment radiation effect (P’TRE) is limited, and the sample
sizes of individual studies have been very small (15,16). As
various scanning techniques have been used in heterogeneous
patient groups, it is difficult to draw clear conclusions to
guide clinical practice.
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This meta-analysis was conducted to compare the
difference between ASL-derived parameters in tumor
recurrence and PTRE in gliomas patients to assess
whether ASL imaging can effectively distinguish between
recurrent tumors and PTRE after radiotherapy. We
present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3319).

Methods
Search strategy

Databases, including Medline, Cochrane Library, PubMed,
Web of Science, Embase, China National Knowledge
Infrastructure (CNKI), and Wan Fang, were searched
to retrieve clinical studies on the use of ASL imaging to
diagnose glioma recurrence and radiation brain injury.
The search deadline was August 31, 2021. The search
languages were limited to English and Chinese. The key
search terms included: “gliomas”, “glioblastoma”, “GBM”,
“astrocytoma”, “radiation injury”, “radiation necrosis”,
“pseudo-progression”, “treatment effect”, “radiation

” o«

change”, “post-treatment radiation effect” and “PTRE”.

Inclusion criteria

To be eligible for inclusion in the meta-analysis, the
studies had to meet the following inclusion criteria: (I)
adopt a study design in which ASL was used as the clinical
diagnostic test to distinguish between the recurrence of
glioma and radiation brain injury; (II) comprise patients
whose diagnoses of glioma had been confirmed by
surgery and pathology, who had received local or whole
brain radiotherapy after surgery, and in whom abnormal
enhancement lesions in the operation area were observed;
(III) evaluate the diagnostic method of ASL; (IV) use the
second surgical pathological results or clinical follow-up
results as the “gold standard” to diagnose glioma recurrence
or PTRE; and (V) include an evaluation index from which
the diagnostic test data could be extracted based on the
original literature data, including the number of true
positives, false negatives, false positives, and true negatives.
For repeated publications, recent articles were selected.

Exclusion criteria

Articles were excluded from the meta-analysis if they
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met any of the following exclusion criteria: (I) comprised
a review, abstract, case report, or conference paper;
(II) did not use a “gold standard” method to diagnose the
study cases; (III) contained incomplete data from which
the diagnostic data could not be extracted; (IV) were a
duplicate; and/or (V) included <10 cases.

Paper screening and data extraction

Two reviewers independently screened the articles according
to the set literature inclusion and exclusion criteria, and
extracted the basic data from the articles. If a disagreement
arose, the reviewers engaged in further discussion until a
consensus was reached. The data required for the included
literature extraction included basic information (e.g., first
author, publication year, sample size, and research method),
and patient information (e.g., age, treatment method, and
diagnosis method).

Quality assessment

The quality of the literature was evaluated using the
Cochrane risk-of-bias assessment tool. Evaluations were
made according to the standards of “low risk”, “unclear
risk”, and “high risk”. The 2 reviewers independently
evaluated the quality of the included studies. Both reviewers
had received statistical and relevant professional training,
and both had the ability to independently complete quality
evaluations. If any differences arose, the reviewers discussed
the issue and resolved it between themselves, or asked a 3rd
party to re-evaluate their assessments.

Statistical analysis

The general inverse variance method in RevMan 5.3
software (The Cochrane Collaboration, 2014) was used
to merge the effect sizes. The categorical variables were
analyzed using relative risk (RR). The continuous data
were analyzed using mean difference (MD) or standardized
mean difference (SMD), and the 95% confidence interval
(CI) of each effect size was calculated. The I’ test was
used to test the heterogeneity between studies. If the
heterogeneity between studies was small (P>0.05, '<50%),
the fixed-effects model was used to combine the effect
sizes. If there was obvious heterogeneity (P<0.05, ’>50%),
the random-effects model was used to combine the effect
sizes. And a sensitivity analysis was carried out according
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to the Cochrane systematic review method. A subgroup
analysis was performed on the outcome indicators of the
study. When 5 or more studies are available, a funnel chart
asymmetry test was used to assess publication bias.

Results
Search results and study characteristics

Eight hundred and twenty six articles were retrieved (423
in English and 403 in Chinese). Ninety two articles with
the same data were excluded. After excluding reviews, case
reports, and expert letters, 215 articles were screened and
obtained. The reviewers read the full text of the articles
to exclude articles of low-quality, articles with incomplete
data or articles about non-RCT studies according to the
inclusion and exclusion criteria. Ultimately, 10 articles were
included in the meta-analysis. The specific process is shown
in Figure 1.

The 10 articles reported cerebral blood flow values
for 288 patients, relative cerebral blood flow values for
235 patients, and relative cerebral blood volume for 244
patients. All the selected articles had a clear diagnosis
criterion. The basic characteristics of the 10 articles are set
out in Zable 1. Random-sequence generation was described
in all the articles. The allocation-hiding method adopted
was not clear in any of the article descriptions. Nine articles
were unclear about the use of the double-blind method.
One article was deemed high risk in its use of the double-
blind method. One article described the risk of bias in the
evaluation of the blind method. All articles described the
result data completely, and there was no selective reporting
bias. Seven articles had a low risk of other biases, and 3
articles had a high risk of other biases. The evaluation
results are shown in Figure 2.

Meta-analysis results

Cerebral blood flow value

A total of 8 studies examined changes in cerebral blood flow
between the tumor recurrence and treatment-effect groups.
The results of the heterogeneity analysis showed that there
was obvious homogeneity (I’=85.3%, P=0.000), so the
random-effects model was used. The combined effect size
of the random-effects model was MD =1.67, 95% CI: 0.89-
2.46 (P=0.000). The results showed that the level of cerebral
blood flow in patients in the tumor-recurrence group was
higher than that in patients in the treatment-effect group,
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Figure 1 Flow diagram of the search, screening, and inclusion process.

and the difference was statistically significant (see Figure 3).

Cerebral relative blood flow

A total of 6 studies examined changes in the relative
blood flow of the brain between patients in the tumor-
recurrence and treatment-effect groups. The results of
the heterogeneity analysis showed that there was obvious
homogeneity (I’=48.9%, P=0.082), so the fixed-effects
model was used. The combined effect size of the fixed-
effects model was MD =1.20, 95% CI: 0.91-1.49 (P=0.000).
The results showed that the level of relative blood flow in
the brain of patients in the tumor-recurrence group was
higher than that of patients in the treatment-effect group,
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Could not extract complete data (n=59)

Low-quality article (n=60)

and the difference was statistically significant (see Figure 4).

Relative cerebral blood volume

A total of 6 studies examined changes in relative cerebral
blood volume between patients in the tumor-recurrence and
treatment-effect groups. The results of the heterogeneity
analysis showed that there was obvious homogeneity
(I’=59.9%, P=0.029), so the fixed-effects model was used.
The combined effect size of the fixed-effects model was MD
=1.29, 95% CI: 0.98-1.59 (P=0.000). The results showed
that the relative cerebral blood volume level of patients
in the tumor-recurrence group was higher than that of
patients in the treatment-effect group, and the difference
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Table 1 Basic characteristics of the study articles
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Author Country Year Journal Tumor recurrence (n)  Treatment effect (n)
Jovanovic et al. (15) Belgrade 2017 JBUON 20 20
Pan et al. (11) China 2018 J Med Imaging 34 18
Razek et al. (17) Egypt 2018 Neuroradiology 24 18
Ye et al. (18) China 2016 Experimental and Therapeutic 16 5
Medicine

Seeger et al. (19) Germany 2013 Academic Radiology 23 17
Wang et al. (20) China 2018 Radiotherapy and Oncology 35 34
Xu et al. (9) China 2017 Medicine 17 12
Manning et al. (12) USA 2020 Journal of Neuro-Oncology 25 7
Ozsunar et al. (13) Turkey 2010 Academic Radiology 13 5
Wang et al. (21) China 2013 Chinese PLA Medical School 9 16

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

= | Allocation concealment (selection bias)

)
'~
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~
-
'~
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Wang 2013

Wang 2018

Xu 2017

® OO G G S M| ®|®|® | Rrandomsequence generation (selection bias)
3
v

® O OO S G G| | ®| @ | incomplete outcome data (attritioin bias)

Ye 2016

. . . . . . . . . . Selective reporting (reporting bias)
oo eloeeeee e ome

Figure 2 Literature quality evaluation details.
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was statistically significant (see Figure 5).

Publication bias

A funnel chart was used to detect relative cerebral blood
flow values and relative cerebral blood volumes for
publication bias. The relative cerebral blood flow funnel
plot was basically symmetrical, indicating that the relative
cerebral blood flow was have no publication bias (see
Figure 6A4). The relative cerebral blood volume funnel chart
was asymmetrical, indicating that there may be publication
bias in the articles that studied relative cerebral blood flow
(see Figure 6B).

Risk of bias

All articles noted that the random-sequence generation was
low risk. All articles had an unclear risk of allocation hidden
bias. In relation to blinding participants and personnel, 9
articles (9,11-13,15,17-20) had an unclear risk of bias, and
1 had a high risk of bias (21). All articles described the risk
of bias in the blinded outcome assessment [low risk =1 (21),
and unclear risk =9 (9,11-13,15,17-20)]. All the articles had
a low risk of bias for incomplete outcome data and selective
reporting domains. All articles described the risk of other
biases [low risk =7 (9,11,12,15,17,19,20), high risk =3
(13,18,21)] (see Figure 7).

Discussion

Glioma is a tumor derived from glial cells in the
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%

author (year) Effect (95% Cl) Weight
Manning (2020) —f—‘— 2.09(1.10, 3.08) 12.07
Ozsunar (2010) —_— i -0.09 (-1.12, 0.94) 11.88
Pan (2018) é ——— 4.27(3.25,5.28) 11.97
Razek (2018) %—o— 2.49(1.67,3.31) 12.85
Wang (2013) —-—E— 1.07 (0.20, 1.95) 12.61
Wang (2018) —~—%~ 1.28 (0.76, 1.80) 14.03
Xu (2017) —o—é- 1.02(0.23,1.81) 12.99
Ye (2016) —i—é— 1.33(0.24,2.42) 11.60
Overall, DL (I = 85.3%, p = 0.000) <> 1.67 (0.89, 2.46) 100.00

T T

-5 0 5

NOTE: Weights are from random-effects model

Figure 3 Forest plot of cerebral blood flow value using a random-effects model. Comparison of cerebral blood flow value between the

tumor-recurrence group and the treatment-effect group. Statistical method: inverse variance of random-effects model [MD and 95% CIJ.

MD, mean difference; CI, confidence interval.

%

author (year) Effect (95% Cl) Weight
Jovanovic (2017) ——s—— 225(1.45,3.05) 13.12
Manning (2020) —;b— 1.25(0.36,2.15) 10.45
Seeger (2013) —*—f— 0.72(0.07,1.37) 20.03
Wang (2013) —-—— 0.89 (0.03, 1.74) 11.46
Wang (2018) —n— 1.28(0.76, 1.80) 31.13
Xu (2017) —*i— 0.94 (0.16,1.72) 13.80
Overall, IV (I = 48.9%, p = 0.082) <> 1.20 (0.91, 1.49) 100.00

T T

-2 0 2

Figure 4 Forest plot of cerebral relative blood flow. Comparison of cerebral relative blood flow between the tumor-recurrence group and

the treatment-effect group. Statistical method: inverse variance of the fixed-effects model [MD and 95% CI]. MD, mean difference; CI,

confidence interval.

neuroectoderm. It is the most common primary central
nervous system tumor in adults, and accounts for about half
of all primary intracranial tumors, and 80% of intracranial
malignant tumors (2). It has an incidence of 3-8 people per
100,000 (2). The World Health Organization’s classification
of the central nervous system tumors classifies gliomas
into grades I-1V; grades I-II include low-grade gliomas,
common hairy cell astrocytomas, pleomorphic yellow
astrocytoma and ependymal giant cell astrocytoma; grades
ITI-IV are high-grade gliomas. Anaplastic astrocytoma
and glioblastoma multiforme are the most common high-

© Annals of Palliative Medicine. All rights reserved.

grade gliomas, of which glioblastoma accounts for about
50% (15). Treatment options for glioma are limited. At
present, the global medical community mainly adopts
surgery-based treatments, combined with postoperative
radiation therapy, targeted chemotherapy and other
comprehensive methods to relieve tumor space-occupying
symptoms, delay the recurrence of glioma, and prolong the
survival of patients (8,22).

Surgery can only remove tumors that can be seen with
the naked eye, and it is impossible to judge the existence
of latent cancer cells. The mortality rate of glioma patients
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Figure 5 Forest plot of relative cerebral blood volume. Comparison of the relative cerebral blood volume between the tumor-recurrence

group and the treatment-effect group. Statistical method: inverse variance of the fixed-effects model [MD and 95% CI]. MD, mean
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%

author (year) Effect (95% Cl) Weight
Jovanovic (2017) i — 2.74(1.87,3.62) 12.02
Manning (2020) —-'— 1.06 (0.18, 1.94) 11.86
Seeger (2013) —*—}— 0.96 (0.30, 1.63) 20.88
Wang (2013) ——*»— 1.00(0.13, 1.87) 12.24
Wang (2018) —-wi— 1.17 (0.66, 1.68) 35.08
Ye (2016) —‘i— 1.23(0.15,2.31) 791
Overall, IV (* = 59.9%, p = 0.029) @ 1.29 (0.98, 1.59) 100.00
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-5

difference; CI, confidence interval.
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Figure 6 Funnel plot of relative cerebral blood flow value and relative cerebral blood volume. MD, mean difference; SE, standard error of

the mean.
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Figure 7 The intensity and distribution of the quality risk of the articles included in the study.
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is still high (1). After surgery, it is important that patients
undergo radiation therapy to treat glioma. Postoperative
radiation therapy can improve the survival rate of patients.
However, brain radiation injury following radiotherapy,
its clinical symptoms. And its appearance on magnetic
reissuance imaging (MRI) enhanced scans are very similar to
those of tumor recurrence. Brain radiation injury includes
pseudo-progression and radiation necrosis (5,23). Radiation
necrosis is a serious local tissue reaction to radiotherapy. It
usually occurs 3-12 months after radiotherapy, and it may
last as long as several years (23,24). Radiation necrosis is
related to the range of radiation and radiation dose. Pseudo-
progression refers to the early progression of patients after
radiotherapy and chemotherapy that occurs within a few
weeks of the completion of radiotherapy and chemotherapy.
It may be related to the temporary interruption of
oligodendrocyte myelin synthesis caused by radiation
damage (3,24).

With its good soft tissue contrast, high spatial resolution,
and wide applicability, MRI has become an important
method for monitoring patients’ responses to glioma
treatment. However, an important limitation of conventional
enhanced MRI is related to the inability to distinguish
between tumor and treatment-related changes. MRPWI is
a functional imaging technique that reflects the distribution
of micro-vessels and blood perfusion in brain tissue. It can
accurately reflect the state of cerebral perfusion caused by
recurrence and radiation necrosis, and can identify different
perfusion changes caused by tumor neovascularization
(3,4,25). There are 3 common MRI perfusion imaging
methods: T2-weighted dynamic susceptibility contrast
(DSC-MRI), T1-weighted dynamic contrast-enhanced
technology (dynamic contrast-enhanced MRI; DCE-MRI),
and ASL technology.

When the blood-brain barrier is severely damaged,
DSC cannot accurately assess brain perfusion (26). DCE is
based on a T1-weighted sequence, with a time resolution
lower than DSC, and requires complex pharmacokinetic
models to consider the difference between signal intensity
and contrast agent concentration (27,28). ASL is a simple
and non-invasive MRI perfusion imaging technique that
does not require the injection of exogenous contrast agents.
It can accurately reflect and monitor brain perfusion
information. It is especially suitable for patients with poor
renal function who need long-term follow-up care, and
the parameters obtained through ASL not only reflect
the results of perfusion but also reflect the process of
perfusion (29). ASL does not rely on the blood-brain barrier
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model; thus, it can more sensitively detect changes in blood
perfusion, which is helpful for the dynamic monitoring of
glioma after surgery (17).

This study included 10 articles, comprising 216 patients
with glioma recurrence and 152 patients with treatment
effects, for analysis. After the comparative analysis, it was
found that the cerebral blood flow, relative cerebral blood
flow, and relative cerebral blood volume of patients with
glioma recurrence were higher than those with treatment
effect, and there were significant differences among the 3
indicators. Thus, ASL has potential value in identifying
the recurrence of glioma and radiation-related effects after
treatment. In further research, we will analyze whether ASL
has similar application value to other tumors.

This study had several limitations. First, the number
of studies included in the meta-analysis was relatively
small, and the diagnostic thresholds used in each study
were different. Further research, including prospective
comparative evaluations of post-processing methods, and
direct comparisons with other perfusion imaging methods
is necessary to more accurately evaluate the diagnostic value
of different perfusion imaging methods. Due to the limited
number of included studies, this meta-analysis cannot start
a deeper discussion.

Conclusions

ASL imaging does not require exposure to radioactivity or
the injection of exogenous contrast agents. Its non-invasive
and quantitative nature makes this technology especially
suitable for patients who cannot tolerate contrast agents,
such as elderly, children, and renal insufficient patients,
and those who require long-term follow-up care. In
combination with MRI structure images, it can be directly
used to monitor the condition of patients after glioma
surgery and evaluate the treatment effect. It has unique
advantages in the early recognition of recurrence changes
and the identification of radiation brain injury.
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