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Systematic Review and Meta-Analysis

ABSTRACT
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BACKGROUND: Accurate diagnosis of tumefactive demyelinating lesions is clinically important to avoid unnecessary invasive biopsy or

inappropriate treatment.

PURPOSE: We aimed to evaluate conventional and advanced MR imaging findings of tumefactive demyelinating lesions and determine

the diagnostic performance of MR imaging for differentiating tumefactive demyelinating lesions from primary brain tumor.

DATA SOURCES: A systematic search of Ovid MEDLINE and EMBASE up to December 6, 2017, was conducted.

STUDY SELECTION: Original articles describing MR imaging findings in patients with tumefactive demyelinating lesions were selected.

DATA ANALYSIS: The pooled incidences of conventional MR imaging findings of tumefactive demyelinating lesions were obtained with
the DerSimonian and Liard random-effects model. The pooled sensitivity and specificity of MR imaging for differentiating tumefactive
demyelinating lesions from primary brain tumor were obtained using the bivariate random-effects model.

DATA SYNTHESIS: Nineteen eligible studies with 476 patients with tumefactive demyelinating lesions were included. The pooled inci-
dence of open ring or incomplete rim enhancement was 35% (95% Cl, 24%—47%), which was significantly higher than the incidence of
closed ring or complete rim enhancement (18% [95% Cl, 11%—29%]; P = .0281). The pooled incidences of T2 hypointense rim, absent or mild
mass effect, and absent or mild perilesional edema were 48%, 67%, and 57%, respectively. On advanced MR imaging, tumefactive
demyelinating lesions showed a high apparent diffusion coefficient, peripheral restricted diffusion, and low cerebral blood volume. The
pooled sensitivity and specificity of MR imaging for differentiating tumefactive demyelinating lesions from primary brain tumor were 89%
(95% Cl, 82%—93%) and 94% (95% Cl, 89%—97%), respectively.

LIMITATIONS: Seventeen of 19 studies were retrospective studies.

CONCLUSIONS: Conventional MR imaging findings may help differentiate tumefactive demyelinating lesions from primary brain tumor,
though further study is needed to determine the added value of advanced MR imaging.

ABBREVIATIONS: DSC = dynamic susceptibility-weighted contrast-enhanced imaging; PCNSL = primary central nervous system lymphoma; TDL = tumefactive

demyelinating lesion

umefactive demyelinating lesions (TDLs) are large (usually
>2 c¢m) demyelinating brain lesions that mimic primary
brain tumors, including primary central nervous system lym-
phoma (PCNSL) and high-grade glioma.' > Accurate diagnosis of
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TDL is clinically important to avoid unnecessary invasive biopsy
or inappropriate treatment.

Several characteristic conventional MR imaging findings and
advanced MR imaging techniques have been introduced for the
diagnosis of TDLs.*** Conventional MR imaging findings,** in-
cluding open ring or incomplete rim enhancement, a T2 hypoin-
tense rim, absent or mild mass effect, and absent or mild perile-
sional edema, demonstrate variable frequencies. In addition, 1
review article classified TDLs into 4 different subtypes based on

O Indicates open access to non-subscribers at www.ajnr.org
B Indicates article with supplemental on-line photo.
http://dx.doi.org/10.3174/ajnr.A5775

AJNR Am J Neuroradiol 39:1643-49  Sep 2018  www.ajnr.org 1643


https://orcid.org/0000-0002-4737-0530
https://orcid.org/0000-0002-9477-7421
https://orcid.org/0000-0001-5559-7973
https://orcid.org/0000-0002-2251-1915
https://orcid.org/0000-0001-7070-7333

the most prominent conventional MR imaging characteristics as
follows: megacystic, Balo-like, infiltrative, and ringlike.** Several
studies have reported the use of advanced MR imaging tech-
niques, including diffusion-weighted imaging, dynamic suscepti-
bility-weighted contrast-enhanced imaging (DSC), MR spectros-
copy, and diffusion tensor imaging,>®!*121+15:18.19

To our knowledge, the MR imaging findings of TDLs and their
diagnostic performance for differentiating TDLs from primary
brain tumors have not yet been systematically reviewed. There-
fore, we aimed to evaluate conventional and advanced MR imag-
ing findings of TDLs and to determine the diagnostic perfor-
mance of MR imaging for differentiating TDL from primary brain
tumor.

MATERIALS AND METHODS

Search Methods and Study Selection

A systematic search of the literature in MEDLINE and EMBASE
was performed to identify published original articles describing
MR imaging findings in patients with TDL. The search term com-
bined synonyms of “TDL” and “MR imaging” as follows: ((tume-
factive demyelinating lesion*) OR (TDL) OR (atypical demyeli-
nation lesion) OR (Balo sclerosis)) AND ((MR imaging) OR (MR
imaging) OR (MR imaging)). The data base was searched for litera-
ture published on or before April 21, 2018. The literature search was
limited to English-language publications. The bibliographies of arti-
cles were explored to identify additional relevant articles.

Data Extraction

Conventional MR imaging findings and advanced MR imaging
findings in patients with TDL and the diagnostic performance of
MR imaging for differentiating TDL from primary brain tumor
were extracted from the eligible articles. A TDL was defined as
alarge (usually >2 cm) demyelinating brain lesion mimicking
a primary brain tumor.”>>® The conventional MR imaging
findings of TDLs were recorded as the following: 1) an open
ring or incomplete rim enhancement, 2) a closed ring or com-
plete rim enhancement, 3) a T2 hypointense rim, 4) an absent
or mild mass effect, and 5) absent or mild perilesional edema.
Advanced MR imaging findings from the techniques of DWI,
DSC, and MR spectroscopy were also recorded. Two-by-2 ta-
bles (true-positive, false-positive, false-negative, true-nega-
tive) for the determination of the diagnostic performance of
MR imaging for differentiating TDLs from primary brain tu-
mors were also constructed.

The following information was recorded from the selected
studies: 1) the institution, the patient recruitment period, a retro-
spective or prospective design, consecutive or nonconsecutive pa-
tient enrollment, the reference standard, and the follow-up pe-
riod; 2) the number of patients with TDLs, mean age, age range,
and male-to-female ratio; 3) the magnetic field strength of the
scanner, scanner manufacturer, scanner model, number of head
coil channels, slice thickness, and advanced MR imaging tech-
niques used, including DWI, DSC, and MR spectroscopy; and 4)
the number of MR imaging readers, reader experience, and blind-
ness to the reference standard.

Quality assessment was performed using the Quality Assess-
ment of Diagnostic Accuracy Studies-2 (QUADAS-2) criteria.”’
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The study selection, data extraction, and quality assessment were
performed by 2 reviewers (C.H.S., H.S.K.) and were indepen-
dently reviewed by a third reviewer (S.J.K.), in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.*®

Statistical Methods

The pooled incidences for conventional MR imaging findings of
TDL were obtained with the inverse variance method for calcu-
lating weights and the DerSimonian and Liard random-effects
model.””~" The difference between the incidences of open ring or
incomplete rim enhancement versus closed ring or complete rim
enhancement was evaluated using mixed-effects model meta-re-
gression. Heterogeneity was evaluated using the inconsistency in-
dex (I?) test of Higgins et al,”* with values of >50% indicating
substantial heterogeneity. Publication bias was visually assessed
using a funnel plot, and the statistical significance was assessed
using the Egger test.”> Meta-regression was performed to explain
the effects of heterogeneity across the studies. We considered the
following covariates: 1) the number of patients with TDL (<15 [me-
dian value of the included studies] versus =15); 2) age (younger
than 34.5 years [median value of the included studies] versus 34.5
years and older); 3) male-to-female ratio (<0.76 [median value of
the included studies] versus =0.76); 4) reference standard (histo-
pathology only versus others); 5) magnetic field of the scanner
(1.5T versus 3T); and 6) slice thickness (<5 mm versus =5 mm).

The pooled sensitivity and specificity and their 95% confi-
dence interval were obtained using the bivariate random-effects
model.>*~" A hierarchic summary receiver operating characteristic
curve with 95% confidence and prediction regions was obtained.
Publication bias was assessed by the Deeks funnel plot, and the sta-
tistical significance was assessed by the Deeks asymmetry test.”*

All statistical analyses were performed by 1 reviewer (C.H.S.,
with 5 years of experience in performing systematic reviews
and meta-analysis) using the “metafor” and “mada” packages
in R, Version 3.4.1 (http://www.r-project.org/) and the “met-
andi” and “MIDAS” modules in STATA 15.0 (StataCorp, Col-
lege Station, Texas).

RESULTS
Eligible Studies and Characteristics
The search identified 195 articles. After removing 21 duplicated
articles, we performed screening of the 174 remaining titles and
abstracts. From these, a further 147 articles were excluded (Fig 1).
Full-text reviews of the remaining 27 potentially eligible articles
were performed, and a further 8 studies were excluded for the
following reasons: no mention of the MR imaging findings of
TDL (n = 4), partially overlapping patient cohorts (n = 3), and
case series (n = 1). Finally, 19 eligible studies covering 476 pa-
tients with TDLs were included in the analyses.***

The Table lists the characteristics of the eligible studies
published between 2001 and 2017. The mean age ranged from
10.4 to 42 years. One study was prospective in design,>* 17

studies were retrospective,*'%!2"2!

and 1 study did not men-
tion the design.'" The clinical follow-up ranged from 9.6

months to 5 years.



Quality Assessment

The quality of the 19 included studies was moderate, with >4
of the 7 domains being satisfied (On-line Fig 1). With regard to
patient selection, 17 studies were considered to have an unclear
risk of bias due to nonconsecutive enrollment.”>*2? With re-
gard to the reference standard, 5 studies were considered to
have a high risk of bias because they only used clinical diagno-
sis for the reference standard.*”'>'>'® In the flow and timing
domain, 5 studies had an unclear risk of bias because the fol-
low-up interval was not reported,®”'*'*?" and 13 studies had
a high risk because different reference standards were used in
the Study.4-(),8, 11,12,14,16,18-22

Incidence of Conventional MR Imaging Findings in
Patients with TDL: Meta-Analysis
First, we evaluated the pooled incidences of conventional MR
imaging findings in patients with TDL (Fig 2). The pooled
incidence of open ring or incomplete rim enhancement was
35% (95% CI, 24%—47%), and the pooled incidence of closed
ring or complete rim enhancement was 18% (95% CI, 11%-—
29%), with the incidence of open ring or incomplete rim en-
hancement being significantly higher than that of closed ring
or complete rim enhancement (P = .028). The pooled inci-
dence of a T2 hypointense rim was 48% (95% CI, 36%—60%),
the pooled incidence of an absent or mild mass effect was 67%
(95% CI, 48%—-83%), and the pooled incidence of absent or
mild perilesional edema was 57%

FIG 1. Flow diagram for the literature-selection process.

Characteristics of the eligible studies

c Records identified through databases using keywords and synonyms of (95% CI, 36%_76%)'. ) ) )
.f_j “tumefactive demyelinating lesion” and “MRI” (n=195): There was no publication bias with
S MEDLINE (n=148), EMBASE (n=47) respect to open ring or incomplete rim
::-E ¢ enhancement (P = .81), though pub-
K Records after duplicates removed lication bias was noted with respect to
_1p74 closed ring or complete rim enhance-
(n=174) Records excluded (n=147): P < 001). H .
‘1‘ Not in the field of interest (19) ment ( :001). Heterogeneity was
e Conference abstracts (21) observed for all conventional MR im-
5 Records screened based on title and 5 gzji‘z\rﬂf‘;ﬂf{%(w) aging findings (I> = 63%-80%). To
g abstract (n=174) “| commentsleditorials/letters (3) explore the effects of heterogeneity, we
)
¢ conducted a meta-regression for open
ring or incomplete rim enhancement.
Full-text articles assessed for eligibility | | Records excluded (n=8): 8 Pe . .
2 (n=27) | Not mentioning MRI findings (4) None of the variables, including the
E Partially overlapping patient cohort (3) number of patients with TDL (p =
B Case report/series (1)
= .43), age (P = .26), male-to-female ra-
w .
Studies included in qualitative synthesis tio (P = .24), reference standard (P =
(n=19) .51), magnetic field strength of the scan-
¢ ner (P = .45), and slice thickness (P =
° I .
K] .07), showed a statistically significant
3 Studies included in quantitative relationshi
g synthesis (n=19) p-

Patients with  Male  Female Mean Age Duration of
Author (yr) TDL (No.) (No.) (No.) Age (yr) Range (yr)  Patient Recruitment Institution

Altintas et al (2012)* 54 17 37 318 18-63 NA 5 Medical centers, Turkey

Cha et al (2001)° 10 3 7 345 13-57 NA New York University Medical Center

Hiremath et al (2017)° 14 10 4 37.5 NA 2011.1-2015.12 Sree Chitra Tirunal Institute for Medical Sciences
and Technology, India

Jain et al (2017)7 1l 7 4 19.6 10-41 2014.8-2017.3 Sawai Man Singh Medical College, India

Kilic et al (2013) 25 8 17 29 15-56 1993.2-2011.6 Hacettepe University, Faculty of Medicine, Turkey

Kim et al (2009)° 15 8 7 42 27-57 1998.12-2005.12 Seoul National University Hospital and Samsung
Medical Center, Republic of Korea

Kiriyama et al (2011)"° 12 6 6 27 (Median) 17-64 1993.1-2009.6 Nara Medical University, Japan

Kuan et al (2013)" 12 1 n 415 16-62 1985.1-2010.12 Taipei Veterans General Hospital, Taiwan

Lu et al (2015)" 18 10 8 NA 22-66 2007.4-2012.5 Asan Medical Center, Republic of Korea

Lucchinetti et al (2008)" 151 NA NA NA NA 1987.9-2005.8 Mayo Clinic and Georg—August University,
Germany

Mabray et al (2015)* 24 10 14 351 16-53 2002-201M University of California at San Francisco

Malhotra et al (2009)" 18 8 10 26 4-50 NA Chhatrapati Sahuji Maharaj Medical University
and Sanjay Gandhi Post Graduate Institute of
Medical Sciences, India

Miron et al (2013)'® 10 2 8 26.8 NA 2007.1-2007.12 Sheba Medical Center, Israel

Qi et al (2015)” 14 9 5 24 (Median) 4-51 2004.1-2009.1 Beijing Tiantan Hospital, China

Saini et al (201)'® 18 10 8 31.8 10-61 2001.1-2009.12 Sree Chitra Tirunal Institute for Medical Sciences
and Technology, India

Sanchez et al (2017)” 15 3 12 36 NA 2010.1-2017.2 Hospital Universitario de La Princesa, Spain

Siri et al (2015)2° 16 5 n 357 20-65 NA 10 Medical centers, France

Toh et al (2012)”' 8 2 6 373 23-51 NA National Yang—Ming University, Taiwan

Yiu et al (2014)* 31 14 17 10.4 NA 2004.9-2009.12 23 Medical centers, Canada

Note:—NA indicates not available.
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Advanced MR Imaging Findings in Patients with TDL
On DWI, 2 studies demonstrated a significantly higher apparent
diffusion coefficient for TDL than for PCNSL'*'* and high-grade
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FIG 2. Forest plots to show the pooled incidences of conventional MR imaging findings in pa-
tients with TDL: open ring or incomplete rim enhancement (A), closed ring or complete rim
enhancement (B), T2 hypointense rim (C), absent or mild mass effect (D), and absent or mild
perilesional edema (E). Numbers are estimates with 95% confidence intervals in parentheses.

glioma.'* Three studies also reported
peripheral, restricted diffusion in
TDLs.>"'>'??! One study reported that
TDLs showed higher intralesional hy-
perintensities on fractional anisotropy
maps but lower perilesional fractional
anisotropy values in the rim than high-
grade gliomas.”' On perfusion imaging,
1 study demonstrated that TDLs
showed a significantly lower relative ce-
rebral blood volume than intracranial
neoplasms,5 and 2 studies showed de-
creased CBV in TDLs on MR*'? or CT
perfusion.® In addition, 1 study re-
ported the presence of an intact vein
traversing the TDL on DSC.” For MR
spectroscopy, several studies reported
8,10,15,19 and de_

creased N-acetylaspartate,®'>'®'? the

increased choline
presence of a lactate peak,®'>'® and
the presence of a glutamate/glutamine
peak.'>'® The representative case
studied by conventional and advanced
MR imaging is shown in Fig 3.

Individual Diagnostic Performance
of MR Imaging for the Diagnosis of
TDLs

The diagnostic performance of conven-

tional MR imaging for the diagnosis of
TDLs was reported in 3 studies.*”'* By
means of open ring or incomplete rim
enhancement for the diagnosis of TDLs,
the individual sensitivity showed sub-
stantial variation (27%-71%), though
the specificity was consistently high
(98%-100%).>'* In addition, 1 study
using conventional MR imaging and CT
criteria (less attenuation than cortical
and basal ganglia gray matter) showed a
sensitivity of 87% and specificity of
100% for distinguishing TDLs from
gliomas or PCNSLs.” Another study
showed that conventional MR imaging
had a sensitivity of 81% and specificity
of 57% for the differentiation of TDLs
from high-grade gliomas.®

The diagnostic performance of an
advanced MR imaging technique for the
diagnosis of TDL was noted in 4 stud-
ies.”'*!'*?! In a comparison of TDLs
with PCNSLs, 1 study demonstrated
that the high ADC_,;,imum Value with a
threshold of 556 X 10~ ° mm?/s was the
best indicator for differentiating TDLs

from atypical PCNSLs (a sensitivity of 81% and specificity of

89%).'” In comparisons of TDLs with high-grade gliomas, 1
study using combined DTI and DSC perfusion showed a sen-



FIG 3. Images obtained in a 44-year-old man with biopsy-proved TDL. T2-weighted (A) and FLAIR
(B) images show a well-defined high-signal-intensity lesion in the left cerebral hemisphere with
mild perilesional edema. C, Contrast-enhanced Tl-weighted image shows open ring enhance-
ment. DWI (D) and the corresponding ADC map (E) reveal high ADC within the lesion and periph-
eral restricted diffusion. F, DSC demonstrates low cerebral blood volume.

sitivity of 71% and specificity of 93%,° while another study
using DTI showed a sensitivity of 92% and specificity of 88%.'
Two studies revealed that the combination of conventional MR
imaging and advanced MR imaging improved the diagnostic
performance.®'*

Diagnostic Performance of MR Imaging for the Diagnosis
of TDLs: Meta-Analysis

Five original articles evaluated the overall diagnostic perfor-
mance of MR imaging for differentiating a TDL from primary
brain tumor.>*'*'*2! The individual sensitivities and specifici-
ties were 67%-91% and 79%-100%. The pooled sensitivity was
89% (95% ClI, 82%-93%), and the pooled specificity was 94%
(95% CI, 89%—97%; Fig 4). The area under the hierarchic sum-
mary receiver operating characteristic curve was 0.93 (95% CI,
0.90-0.95; On-line Fig 2). There was no heterogeneity in the sen-
sitivity (I = 0.0%) or specificity (I* = 45.72%). The Deeks funnel
plot demonstrated that the likelihood of publication bias was low
(P = .48, On-line Fig 3).

DISCUSSION

The current study reports the conventional MR imaging findings
for TDLs, covering 19 studies with 476 patients. The pooled inci-
dence of open ring or incomplete rim enhancement was 35%
(95% CI, 24%—47%). In addition, the pooled incidences of a T2
hypointense rim, absent or mild mass effect, and absent or mild
perilesional edema were 48% (95% CI, 25%—68%), 67% (95% CI,
42%-87%), and 57% (95% CI, 27%—82%), respectively. The
overall diagnostic performance of MR imaging for differentiating
TDL from primary brain tumor demonstrated a pooled sensitivity
0f89% (95% CI, 82%—-93%) and a pooled specificity of 94% (95%
CI, 89%-97%). Open ring or incomplete rim enhancement
showed a high specificity (98%-100%). Therefore, conventional
MR imaging findings can be of help in the accurate diagnosis of

TDL. In addition, our work could prove
useful to the literature and may prompt
the conduct of prospective case collec-
tions or consortial work.

In routine clinical practice, the dif-
ferentiation of TDL from primary brain
tumor is difficult. Open ring or incom-
plete rim enhancement as a conven-
tional MR imaging finding was de-
scribed as highly specific (94%) for
atypical brain demyelination in 32 illus-
trated cases identified on a MEDLINE
search.”® The present study demon-
strated a pooled incidence of open ring
or incomplete rim enhancement of 35%
(95% CI, 24%-47%); however, a high
specificity (98%-100%) was noted. In
addition, the pooled incidence of open

ring or incomplete rim enhancement
was significantly higher than the inci-
dence of closed ring or complete rim en-
hancement (18% [95% CI, 11%-29%]).
The enhancing area of the ring is re-
garded as representing the leading edge
of demyelination and therefore favors the white matter side of the
lesion.”® Open ring or incomplete rim enhancement may be use-
ful for differentiating a TDL from primary brain tumor.

The differentiation of a TDL from a PCNSL can sometimes be
challenging, clinically, radiologically, and even pathologically. A
few studies have tried to differentiate TDLs from PCNSLs using
advanced MR imaging techniques. Two studies demonstrated a
significantly higher ADC_;imum in TDL than in PCNSL,'>'*
with 1 study demonstrating that ADC_; ;... With a threshold of
556 X 10~ ° mm?/s was the best indicator for differentiating TDL
from atypical PCNSL (a sensitivity of 81% and specificity of
89%).'” Histologically, TDLs may demonstrate peripheral active
breakdown of myelin and a dense inflammatory infiltrate consist-
ing of activated macrophages.”” Another study showed a lower
choline/NAA ratio in TDLs than in PCNSLs, with a threshold for
differentiation of 1.73 (a sensitivity of 89% and specificity of
76%).7® In addition, noncontrast CT hypoattenuation of MR im-
aging—enhanced regions was observed in 93% of TDL cases, but
only 4% of primary brain tumors.” One study revealed that the
combination of conventional MR imaging and advanced MR im-
aging improved the diagnostic performance for differentiating
TDL from PCNSLs or high-grade gliomas.'* ADC values, MR
spectroscopy, and noncontrast CT may help in diagnosing TDLs;
however, further study is required to determine the added value of
advanced MR imaging techniques in the differentiation of TDLs
from PCNSLs.

A previous article reported that most patients with TDLs
showed an excellent response to corticosteroid treatment, with a
substantial decrease in lesion size or disappearance on follow-up
imaging.” One of the studies included in the present meta-anal-
ysis reported that all patients with TDLs received corticosteroid
treatment after surgical biopsy and showed no evidence of recur-
rence or radiologic aggravation during the 4.2 years of the follow-
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FIG 4. Coupled forest plots of the sensitivity and specificity of MR Imaging for the diagnosis of a TDL. Numbers are estimates with 95%

confidence intervals in parentheses.

up.” Other studies revealed that 35%—62% of patients with TDLs
had a monophasic course and were diagnosed with a clinically
isolated syndrome.*® A correlation between MR imaging findings
and treatment response in patients with TDL has not yet been
established, and further study on this may be needed.

This study has several limitations. First, 17 of the 19 studies
were retrospective observational studies with a small sample size,
and there were only 5 studies differentiating a TDL from primary
brain tumor. However, the included studies represented the full
extent of the currently available evidence. Our study may prompt
prospective studies or consortial work. Second, heterogeneity was
noted for conventional MR imaging findings. We therefore per-
formed meta-regression to explore the effects of heterogeneity but
found no covariates. Conventional MR imaging findings are in-
herently subjective, and the small samples due to the rarity of
TDLs may affect the heterogeneity. Third, it is unclear how many
of the included patients were positive for aquaporin 4 antibodies
or myelin oliogodendrocyte glycoprotein antibodies and whether
this influences MR imaging findings in TDLs. To overcome these
limitations, we performed our systematic review and meta-anal-
ysis using recent robust methodology, including hierarchic logis-

tic regression modeling, >~

and reported our findings according
to the following guidelines: Preferred Reporting Items for System-
atic Reviews and Meta-Analyses,”® the Handbook for Diagnostic
Test Accuracy Reviews published by the Cochrane Collabora-

tion,”” and the Agency for Health Care Research and Quality.*°
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CONCLUSIONS

Conventional MR imaging findings may help in the accurate di-
agnosis of TDLs. However, further study is required to determine
the added value of advanced MR imaging techniques in the dif-
ferentiation of a TDL from primary brain tumor.
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