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Background: Dynamic susceptibility contrast (DSC) perfusion has emerged as a valuable imaging
technique for distinguishing pseudoprogression (PP) from recurrent tumor (RT) in patients with gliomas.
However, its diagnostic accuracy, specifically in glioblastoma, remains less clearly defined. This systematic
review aimed to evaluate and clarify the diagnostic performance of DSC perfusion in differentiating PP from
RT in glioblastoma patients.

Methods: A comprehensive search of the PubMed, Cochrane Library, and Wanfang databases was
conducted for relevant articles published up to October 2024. Eligible studies were screened, and data about
patient diagnoses were systematically extracted and synthesized.

Results: A total of 13 studies comprising 487 patients met the inclusion criteria, with 318 categorized as
RT and 178 as PP. In three studies, both relative cerebral blood volume (rCBV) and relative cerebral blood
flow (rCBF) were assessed, whereas the remaining studies relied solely on rCBV. Pooled analyses of rCBV
demonstrated a sensitivity of 87% [95% confidence interval (CI): 0.82-0.91], specificity of 83% (95% CI:
0.75-0.89), positive likelihood ratio of 5.14 (95% CI: 3.35-7.89), and negative likelihood ratio of 0.16 (95%
CI: 0.11-0.23). None of these measures showed significant heterogeneity (12=18.92%, 11.76%, 0%, and
0.35%, respectively). The pooled area under the curve (AUC) was 0.92 (95% CI: 0.89-0.94), indicating
excellent diagnostic accuracy, with only minimal evidence of publication bias (P=0.051). Due to the limited
number of studies (n=3) reporting rCBF-related outcomes, a pooled diagnostic analysis for rCBF could not
be performed.

Conclusions: These findings demonstrate that DSC perfusion provides a reliable and effective method for
distinguishing PP from RT in the diagnostic evaluation of glioblastoma patients.
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Introduction

Glioblastoma, classified by the World Health Organization
(WHO) as a grade IV glioma, carries an exceptionally poor
prognosis (1-3), with median survival ranging from 14 to
15 months and a S-year survival rate of less than 5% (4,5).
Magnetic resonance imaging (MRI) remains the standard
modality for both preoperative diagnosis and postoperative
surveillance of glioblastoma (6,7). However, abnormal MRI
findings observed after treatment, such as those detected
on T1-weighted imaging (T1WI), T2-weighted imaging
(T2W1I), or contrast-enhanced T1WI, can reflect either
pseudoprogression (PP) or recurrent tumor (RT) (6,7).
PP typically arises as a delayed effect of therapy, most
often linked to radiation-induced damage or necrosis (8).
Since PP and RT require distinct therapeutic approaches,
accurate differentiation between these two entities is
crucial for guiding clinical decision-making. Nonetheless,
conventional MRI (T1WI, T2WI, and contrast-enhanced
T1WI) techniques provide limited discriminatory ability,
with diagnostic accuracy rates of only 63-68% (7,8).

Dynamic susceptibility contrast (DSC) perfusion, an
MRI-based functional imaging method, has demonstrated
improved diagnostic performance in this context, with
reported sensitivities and specificities for DSC perfusion
in distinguishing PP from RT ranging from 83% to 86%
and 83% to 85%, respectively (6,7). The strength of
DSC perfusion lies in its capacity to assess microvascular
characteristics, including vascular proliferation, perfusion
dynamics, and microvascular distribution (6,7). These
parameters are particularly informative, as glioblastoma and
other high-grade gliomas show significant angiogenesis and
microvascular proliferation. In comparison, PP is typically
associated with limited small vessel injury and ischemic
changes (6,7).

Previous systematic reviews have evaluated DSC
perfusion in the broader context of high-grade gliomas (6).
However, the diagnostic utility of this technique, specifically
in glioblastoma patients, remains insufficiently defined.

To address this gap, the present systematic review was
undertaken to comprehensively clarify the diagnostic
performance of DSC perfusion in distinguishing PP from RT
in glioblastoma. We present this article in accordance with
the PRISMA reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-2025-245/rc) (9).

Methods

This systematic review was registered on the INPLASY
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platform (https://inplasy.com/, Number: INPLASY2024
100123).

Study inclusion

A comprehensive search of the PubMed, Cochrane Library,
and Wanfang databases was conducted to identify relevant
studies published up to October 2024. The search strategy
employed the following terms: (((((perfusion) OR (PWI))
AND ((DSC) OR (dynamic susceptibility contrast))) AND
(((recurrent) OR (recurrence)) OR (progression))) AND
(((pseudoprogression) OR (necrosis)) OR (radiation injury)))
AND (glioblastoma).

Studies were eligible for inclusion if they met the
following criteria: (I) diagnostic studies evaluating the
differentiation of PP from RT in glioblastoma; (II) use
of DSC perfusion as the diagnostic method; and (I1I)
enrollment of >20 patients. The exclusion criteria were as
follows: absence of extractable raw diagnostic data, reviews,
case series, or studies involving non-human participants.

Data extraction

Two investigators independently extracted data from all
eligible studies, with discrepancies resolved by consultation
with a third investigator. Extracted information included:
first author, country, publication year, study design,
sample size, blinding status, MRI field strength, diagnostic
reference standards, and diagnostic outcomes.

Quality analyses

The methodological quality of the included studies was
evaluated using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) tool (10).

Statistical analysis

Diagnostic performance metrics, including pooled
sensitivity, specificity, positive likelihood ratio (PLR), and
negative likelihood ratio (NLR), were calculated. High
diagnostic accuracy was defined as an NLR <0.2 combined
with a PLR >5. Summary receiver operating characteristic
(SROC) curves analyses were performed, with an area
under the curve (AUC) >0.8 considered indicative of strong
diagnostic accuracy. Fagan plots were used to assess prior
and diagnostic probabilities. Heterogeneity across studies
was examined using Cochran’s Q test and I’ statistics,
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Figure 1 The study selection process for this meta-analysis.

with I* values >50% indicating substantial heterogeneity.
Leave-one-out sensitivity analyses were applied to identify
potential sources of heterogeneity. Publication bias
was assessed using Deeks’ funnel plots, with statistical
significance defined as P<0.05. All analyses were conducted
using Stata 12.0 (StataCorp., College Station, TX, USA).

Results
Study selection

The initial database search yielded 58 potentially relevant
articles, of which 13 met the inclusion criteria and were
incorporated into the final analysis (11-23). The study
selection process is summarized in Figure 1. In total,
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487 patients were included across these studies, with
318 classified as RT and 178 as PP. RT diagnoses were
confirmed exclusively through pathological evaluation,
whereas PP diagnoses were verified either by pathology
or through MRI follow-up (11-23). Among the included
studies, three used both relative cerebral blood volume
(rCBV) and relative cerebral blood flow (rCBF) for
diagnostic assessment (15,17,21), whereas the remainder
relied solely on rCBV (Table 1). The extracted raw data
about diagnostic performance are summarized in 7Table 2.

Risk of bias assessments are presented in Figure 24,2B.
Seven studies did not specify whether patient enrollment
was consecutive (11,14,16,17,19,21,22), and eight did not
clarify whether MRI evaluations were performed under
blinded conditions (11,12,14,16,17,20,22,23).
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Table 1 Characteristics of studies included in meta-analysis
Studies Year  Country  Study design Blind Patients (n) stlr:;ISth Ste;: (rjzr:g: Diagnoste fools

rCBV  Cutoff rCBF Cutoff
Barajas (11) 2009 USA Retrospective  Unclear 57 1.5 P F Yes 1.75 No -
Cha (12) 2014 Korea Retrospective  Unclear 35 3 P, F Yes 1.8 No -
Choi (13) 2013 Korea Retrospective Yes 62 3 P F Yes NR No -
Di Costanzo (14) 2014 Italy Retrospective  Unclear 29 3 P, F Yes <2 No -
Feng (15) 2022 China Prospective Yes 46 3 P F Yes 3.25 Yes 1.67
Hoijjati (16) 2018 USA Retrospective  Unclear 22 3 P F Yes 3.32 No -
Hu (17) 2011 USA Retrospective  Unclear 31 NR P, F Yes 1.14 Yes 0.98
Jajodia (18) 2022 India Retrospective Yes 44 1.5 B F Yes 3.4 No -
Jovanovic (19) 2017 Serbia Prospective Yes 31 3 P F Yes 2.89 No -
Maiter (20) 2022 UK Retrospective  Unclear 32 3 P, F Yes 3 No -
Manning (21) 2020 USA Retrospective Yes 32 3 P, F Yes 1.335 Yes 1.335
Nael (22) 2018 USA Retrospective  Unclear 46 3 P F Yes 2.2 No -
Young (23) 2013 USA Retrospective  Unclear 20 1.5/3 P F Yes 2.4 No -

F, follow-up; NR, not reported; P, pathological; rCBF, relative cerebral blood flow; rCBY, relative cerebral blood volume.

Table 2 Raw data of diagnostic performance of studies included in this meta-analysis

Studies

rCBV

rCBF

True positive False positive False negative True negative True positive False positive False negative True negative

Barajas (11)
Cha (12)

Choi (13)

Di Costanzo (14)
Feng (15)
Hojjati (16)

Hu (17)
Jajodia (18)
Jovanovic (19)
Maiter (20)
Manning (21)
Nael (22)
Young (23)

36
9
28
18
27
18
13
23
20
17
22
27
16

6
4
9

1

10

A CS I N o S e L © > B \V]

0

14
20
19
7
13
3
15
14
11
9
6
11
3

26

13

14

13

rCBF, relative cerebral blood flow; rCBYV, relative cerebral blood volume.
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Figure 2 Quality assessment of the included studies according to the QUADAS-2 criteria. (A) The quality assessment of each included

study. (B) The summary of the quality assessment. QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies.

Diagnostic performance

All included studies provided rCBV-related diagnostic
outcomes, with pooled analyses exhibiting respective
sensitivity, specificity, PLR, and NLR values of 87%
[95% confidence interval (CI): 82-91%, Figure 34], 83%
(95% CI: 75-89%, Figure 3B), 5.14 (95% CI: 3.35-7.89,
Figure 3C), and 0.16 (95% CI: 0.11-0.23, Figure 3D),
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respectively. None of these parameters showed substantial
heterogeneity (I’=18.92%, 11.76%, 0%, and 0.35%,
respectively), eliminating the need for sensitivity analyses.
The pooled AUC for rCBV-based diagnostic performance
was 0.92 (95% CI: 0.89-0.94, Figure 4), indicating excellent
diagnostic accuracy. Fagan plot analysis demonstrated a
pre-test probability of 20%, with post-test probabilities of
4% for NLR and 56% for PLR, respectively (Figure 5). The
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A Study (year) Sensitivity (95% Cl)
Young 2013 # | 1.00[0.79-1.00]
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Manning 2020 e 0.88 [0.69-0.97]
Maiter 2022 e 0.89 [0.67-0.99]
Jovanovic 2017 — # | 1.00[0.83-1.00]
Jajodia 2022 —_—a— 0.82 [0.63-0.94]
Hu 2011 —_—a——— 0.87 [0.60-0.98]
Hojjati 2018 — #| 1.00[0.81-1.00]
Feng 2022 —_— 0.87 [0.70-0.96]
Di Costanzo 2014 —_— % — 0.86 [0.64-0.97]
Choi 2013 —_—— 0.82 [0.65-0.93]
Cha 2014 J 0.82[0.48-0.98]
Barajas 2009 — 0.78 [0.64-0.89]
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Hu 2011 —t 13.87 [2.06-93.46]
Hojjati 2018 | ——&—+— 3.25[0.85-12.41]
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Figure 3 The results of pooled (A) sensitivity, (B) specificity, (C) PLR, and (D) NLR for this meta-analysis. CI, confidence interval; DLR,
diagnostic likelihood ratio; NLR, negative likelihood ratio; PLR, positive likelihood ratio.

likelihood of publication bias in this meta-analysis was not
significant (P=0.051).

As only three studies reported diagnostic outcomes for
rCBE, pooled analyses for this parameter were not possible.

Discussion

In patients with glioma, PP and RT often present with
overlapping features on conventional MRI, despite apparent
biological differences in their angiogenic profiles (24).
MRI perfusion provides further insight by characterizing
microvascular distribution within the lesion, offering a
means of differentiating these entities (24). RT is typically
associated with immature vascular networks, increased
neovascular density, and elevated expression of vascular
endothelial growth factor. In contrast, PP is characterized

© AME Publishing Company.

by vascular endothelial cell apoptosis, leading to reduced
perfusion (25). As the most aggressive WHO grade IV
glioma, glioblastoma is particularly characterized by high
levels of blood perfusion (26).

The current systematic review evaluated the diagnostic
performance of DSC perfusion in distinguishing PP
from RT in glioblastoma. In the present study, rCBV, the
most commonly employed DSC perfusion parameter,
demonstrated strong diagnostic accuracy with an AUC
of 0.92, sensitivity of 87%, and specificity of 83%. These
findings indicate that rCBV is a reliable marker for
differentiating PP from RT in this patient population.
Moreover, the observed PLR (5.14) and NLR (0.16) values
suggest that rCBV offers clinically meaningful predictive
power: values above the diagnostic threshold corresponded

to a 5-fold higher likelihood of a lesion being RT rather
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than PP, whereas values below the threshold were associated
with a more than 80% probability of PP.

The rCBF represents another DSC perfusion parameter
that has previously been identified as a valuable marker
for distinguishing RT from PP in patients with high-
grade gliomas, with one systematic review reporting an
AUC of 0.92 (6). In the present analysis, however, only
three included studies reported rCBF-related outcomes,
preventing the performance of pooled analyses for this
parameter.

Arterial spin labeling (ASL) perfusion is a non-contrast
enhanced MRI technique that measures tissue perfusion
using water molecules in arterial blood as endogenous
tracers, unaffected by the integrity of the blood-brain
barrier (27). Compared with DSC perfusion, ASL provides
a non-invasive means of evaluating perfusion status. A
previous meta-analysis reported an AUC of 0.88 for ASL
in differentiating RT from PP in patients with glioma,
indicating high diagnostic accuracy (28). However, ASL
has certain limitations including prolonged acquisition
times and lower spatial resolution compared with DSC
perfusion (29).

DSC perfusion offers a broader range of diagnostic
parameters than ASL perfusion (29,30), whereas ASL relies
exclusively on CBF as a diagnostic index (28-30); DSC
perfusion incorporates both rCBV and rCBF in addition
to time to peak (T'TP) and mean transit time (MTT)
parameters (6), which can further enhance diagnostic

© AME Publishing Company.
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discrimination.

Zhang et al. (7) and Gu et al. (6) previously performed a
meta-analysis evaluating the differentiation between PP and
RT among glioma and high-grade glioma patients, yielding
AUC values of 0.91 and 0.92, respectively (6,7). These
meta-analyses, however, included gliomas of varying WHO
grades and were susceptible to some degree of selection
bias. Here, the present meta-analysis specifically focused
on glioblastoma patients, thus limiting the potential for
selection bias and ensuring greater result reliability.

This study has several limitations. First, the majority of
the studies were retrospective in nature, and many provided
limited information regarding blinding procedures,
introducing a considerable risk of bias within this systematic
review. Second, variability in MRI acquisition parameters
across studies may have contributed to heterogeneity and
potential bias in the pooled results. Third, the overall
number of eligible studies was relatively small, which
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restricted the ability to conduct pooled analyses for rCBF-
related diagnostic outcomes.

Conclusions

This systematic review demonstrates that DSC perfusion,
particularly through the use of rCBV, provides a reliable
and accurate method for differentiating PP from RT in
patients with glioblastoma.

Acknowledgments

None.

Footnote

Reporting Checklist: The authors have completed the
PRISMA reporting checklist. Available at https://qims.
amegroups.com/article/view/10.21037/qims-2025-245/rc

Funding: None.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://qims.
amegroups.com/article/view/10.21037/qims-2025-245/coif).
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Anil A, Stokes AM, Chao R, Hu LS, Alhilali L, Karis
JP, Bell LC, Quarles CC. Identification of single-dose,
dual-echo based CBV threshold for fractional tumor
burden mapping in recurrent glioblastoma. Front Oncol

© AME Publishing Company.

2023;13:1046629.

2. Anil A, Stokes AM, Karis JP, Bell LC, Eschbacher ],
Jennings K, Prah MA, Hu LS, Boxerman JL, Schmainda
KM, Quarles CC. Identification of a Single-Dose, Low-
Flip-Angle-Based CBV Threshold for Fractional Tumor
Burden Mapping in Recurrent Glioblastoma. AJNR Am J
Neuroradiol 2024;45:1545-51.

3. Roques M, Catalaa I, Raveneau M, Attal J, Siegfried A,
Darcourt J, Cognard C, de Champfleur NM, Bonneville
F. Assessment of the hypervascularized fraction of
glioblastomas using a volume analysis of dynamic
susceptibility contrast-enhanced MRI may help to identify
pseudoprogression. PLoS One 2022;17:¢0270216.

4. Krauze AV, Myrehaug SD, Chang MG, Holdford D],
Smith S, Shih J, Tofilon PJ, Fine HA, Camphausen K.

A Phase 2 Study of Concurrent Radiation Therapy,
Temozolomide, and the Histone Deacetylase Inhibitor
Valproic Acid for Patients With Glioblastoma. Int J Radiat
Oncol Biol Phys 2015;92:986-92.

5. Weller M, van den Bent M, Preusser M, Le Rhun E, Tonn
JC, Minniti G, et al. EANO guidelines on the diagnosis
and treatment of diffuse gliomas of adulthood. Nat Rev
Clin Oncol 2021;18:170-86.

6. GuX, He X, Wang H, Li J, Chen R, Liu H. Dynamic
Susceptibility Contrast-Enhanced Perfusion-Weighted
Imaging in Differentiation Between Recurrence and
Pseudoprogression in High-Grade Glioma: A Meta-
analysis. ] Comput Assist Tomogr 2024;48:303-10.

7. Zhang HM, Huo XB, Wang HL, Wang C. Diagnostic
Performance of Dynamic Susceptibility Contrast-
Enhanced Perfusion-Weighted Imaging in Differentiating
Recurrence From Radiation Injury in Postoperative
Glioma: A Meta-analysis. ] Comput Assist Tomogr
2022;46:938-44.

8.  Mullins ME, Barest GD, Schaefer PW, Hochberg FH,
Gonzalez RG, Lev MH. Radiation necrosis versus glioma
recurrence: conventional MR imaging clues to diagnosis.
AJNR Am J Neuroradiol 2005;26:1967-72.

9. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med
2009;6:¢1000097.

10. Whiting PE, Rutjes AW, Westwood ME, Mallett S, Deeks
JJ, Reitsma JB, Leeflang MM, Sterne JA, Bossuyt PM;
QUADAS-2 Group. QUADAS-2: a revised tool for the
quality assessment of diagnostic accuracy studies. Ann
Intern Med 2011;155:529-36.

11. Barajas RF Jr, Chang JS, Segal MR, Parsa AT, McDermott

Quant Imaging Med Surg 2025;15(12):12336-12345 | https://dx.doi.org/10.21037/qims-2025-245


https://qims.amegroups.com/article/view/10.21037/qims-2025-245/rc
https://qims.amegroups.com/article/view/10.21037/qims-2025-245/rc
https://qims.amegroups.com/article/view/10.21037/qims-2025-245/coif
https://qims.amegroups.com/article/view/10.21037/qims-2025-245/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

12344

12.

13.

14.

15.

16.

17.

18.

19.

20.

© AME Publishing Company.

MW, Berger MS, Cha S. Differentiation of recurrent
glioblastoma multiforme from radiation necrosis

after external beam radiation therapy with dynamic
susceptibility-weighted contrast-enhanced perfusion MR
imaging. Radiology 2009;253:486-96.

Cha J, Kim ST, Kim HJ, Kim BJ, Kim YK, Lee JY, Jeon
P, Kim KH, Kong DS, Nam DH. Differentiation of
tumor progression from pseudoprogression in patients
with posttreatment glioblastoma using multiparametric
histogram analysis. AJNR Am ] Neuroradiol
2014;35:1309-17.

Choi Y], Kim HS, Jahng GH, Kim SJ, Suh DC.
Pseudoprogression in patients with glioblastoma: added
value of arterial spin labeling to dynamic susceptibility
contrast perfusion MR imaging. Acta Radiol
2013;54:448-54.

Di Costanzo A, Scarabino T, Trojsi F, Popolizio T,
Bonavita S, de Cristofaro M, Conforti R, Cristofano

A, Colonnese C, Salvolini U, Tedeschi G. Recurrent
glioblastoma multiforme versus radiation injury:

a multiparametric 3-T MR approach. Radiol Med
2014;119:616-24.

Feng A, Yuan P, Huang T, Li L, Lyu J. Distinguishing
Tumor Recurrence From Radiation Necrosis in Treated
Glioblastoma Using Multiparametric MRI. Acad Radiol
2022;29:1320-31.

Hojjati M, Badve C, Garg V, Tatsuoka C, Rogers L, Sloan
A, Faulhaber P, Ros PR, Wolansky L]. Role of FDG-
PET/MRI, FDG-PET/CT, and Dynamic Susceptibility
Contrast Perfusion MRI in Differentiating Radiation
Necrosis from Tumor Recurrence in Glioblastomas. J
Neuroimaging 2018;28:118-25.

Hu X, Wong KK, Young GS, Guo L, Wong ST. Support
vector machine multiparametric MRI identification of
pseudoprogression from tumor recurrence in patients
with resected glioblastoma. ] Magn Reson Imaging
2011;33:296-305.

Jajodia A, Goel V, Goyal J, Patnaik N, Khoda J, Pasricha
S, Gairola M. Combined Diagnostic Accuracy of Diffusion
and Perfusion MR Imaging to Differentiate Radiation-
Induced Necrosis from Recurrence in Glioblastoma.
Diagnostics (Basel) 2022;12:718.

Jovanovic M, Radenkovic S, Stosic-Opincal T, Lavrnic

S, Gavrilovic S, Lazovic-Popovic B, Soldatovic I,
Maksimovic R. Differentiation between progression and
pseudoprogresion by arterial spin labeling MRI in patients
with glioblastoma multiforme. ] BUON 2017;22:1061-7.
Maiter A, Butteriss D, English P, Lewis ], Hassani

21.

22.

23.

24.

25.

26.

27.

29.

Wo et al. DSC for PP and recurrence in GBM

A, Bhatnagar P. Assessing the diagnostic accuracy

and interobserver agreement of MRI perfusion in
differentiating disease progression and pseudoprogression
following treatment for glioblastoma in a tertiary UK
centre. Clin Radiol 2022;77:¢568-75.

Manning P, Daghighi S, Rajaratham MK, Parthiban S,
Bahrami N, Dale AM, Bolar D, Piccioni DE, McDonald
CR, Farid N. Differentiation of progressive disease from
pseudoprogression using 3D PCASL and DSC perfusion
MRI in patients with glioblastoma. ] Neurooncol
2020;147:681-90.

Nael K, Bauer AH, Hormigo A, Lemole M, Germano IM,
Puig J, Stea B. Multiparametric MRI for Differentiation
of Radiation Necrosis From Recurrent Tumor in Patients
With Treated Glioblastoma. AJR Am J Roentgenol
2018;210:18-23.

Young RJ, Gupta A, Shah AD, Graber JJ, Chan TA,
Zhang Z, Shi W, Beal K, Omuro AM. MRI perfusion

in determining pseudoprogression in patients with
glioblastoma. Clin Imaging 2013;37:41-9.

Prager AJ, Martinez N, Beal K, Omuro A, Zhang Z,
Young R]. Diffusion and perfusion MRI to differentiate
treatment-related changes including pseudoprogression
from recurrent tumors in high-grade gliomas with
histopathologic evidence. AJNR Am ] Neuroradiol
2015;36:877-85.

Masch WR, Wang PI, Chenevert TL, Junck L, Tsien C,
Heth JA, Sundgren PC. Comparison of Diffusion Tensor
Imaging and Magnetic Resonance Perfusion Imaging in
Differentiating Recurrent Brain Neoplasm From Radiation
Necrosis. Acad Radiol 2016;23:569-76.

Shukla G, Alexander GS, Bakas S, Nikam R, Talekar K,
Palmer JD, Shi W. Advanced magnetic resonance imaging
in glioblastoma: a review. Chin Clin Oncol 2017;6:40.
Bambach S, Smith M, Morris PP, Campeau NG, Ho
ML. Arterial Spin Labeling Applications in Pediatric

and Adult Neurologic Disorders. ] Magn Reson Imaging
2022;55:698-719.

. Zhang J, Wang Y, Wang Y, Xiao H, Chen X, Lei Y,

Feng Z, Ma X, Ma L. Perfusion magnetic resonance
imaging in the differentiation between glioma recurrence
and pseudoprogression: a systematic review, meta-
analysis and meta-regression. Quant Imaging Med Surg
2022;12:4805-22.

Wang YL, Chen S, Xiao HE, Li Y, Wang Y, Liu G, Lou
X, Ma L. Differentiation between radiation-induced

brain injury and glioma recurrence using 3D pCASL

and dynamic susceptibility contrast-enhanced perfusion-

Quant Imaging Med Surg 2025;15(12):12336-12345 | https://dx.doi.org/10.21037/qims-2025-245



Quantitative Imaging in Medicine and Surgery, Vol 15, No 12 December 2025 12345

weighted imaging. Radiother Oncol 2018;129:68-74. West Chinese Medical Journal 2018;33:727-31.
30. XuZ, Chen X, Wang R, Zhao Y, Lu C. The value of 3.0 T
MRI functional imaging in differential diagnosis of radiation (English Language Editor: J. Jones)

brain injury and recurrence of glioblastoma multiforme.

Cite this article as: Wo XW, Zhu HF, Xu N. Dynamic
susceptibility contrast perfusion in differentiation between
recurrence and pseudoprogression in glioblastoma: a
systematic review and meta-analysis. Quant Imaging Med Surg
2025;15(12):12336-12345. doi: 10.21037/qims-2025-245

© AME Publishing Company. Quant Imaging Med Surg 2025;15(12):12336-12345 | https://dx.doi.org/10.21037/qims-2025-245





