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Introduction
Tumefactive demyelinating lesions (TDLs) are 
defined as large demyelinating lesions (approxi-
mately ⩾2 cm in diameter) that can present as 
tumor-like space-occupying lesions, with or with-
out mass effect, perilesional edema, and character-
istic radiographic appearances, such as open 
ring-enhancement on T1-weighted (T1w) images.1,2 

It is well known that TDLs can emerge in the 
context of multiple sclerosis (MS) and appear 
during the disease course, or as the initial present-
ing radiographic feature.3–5 Interestingly, specific 
disease-modifying drugs (e.g. fingolimod, natali-
zumab) used in MS have been associated with the 
occurrence of TDLs, especially after drug initia-
tion or cessation.6–9 There are limited cases 
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describing the presence of large demyelinating 
lesions with an aggressive clinical presentation 
during natalizumab therapy that were not pro-
gressive multifocal leukoencephalopathy 
(PML).8–10 Moreover, various pathological enti-
ties such as atypical MS variants (Marburg’s type, 
Balo’s concentric sclerosis, Schilder’s disease, 
and acute disseminated encephalomyelitis) have 
been shown to present with tumefactive lesions, 
with overlapping clinical presentation, and dis-
tinct immunological signatures.11–13 Nevertheless, 
it is still controversial whether tumefactive CNS 
lesions represent a variant of MS or a unique form 
of an idiopathic isolated demyelinating dis-
ease.14–16 A substantial number of studies have 
considered TDLs as an heterogeneous group of 
demyelinating disorders that extend from an iso-
lated monophasic disease (isolated TDL) to a 
recurrent form of the disease (recurrent TDL), 
with or without the classical clinico-radiological 
MS features.17,18 Limited data exist regarding fac-
tors or biomarkers associated with the risk of 
relapse following TDL presentation or the con-
version to definite MS.

In this study, we aimed to extend the clinical 
spectrum of TDLs described so far. Therefore, 
we retrospectively analyzed the demographics, 
clinico-radiological, and therapeutic characteris-
tics and the outcomes of patients with tumor-like 
lesions at disease onset and patients with TDL 
during the MS disease course. We included 
patients who had other foci of demyelination, ful-
filling or not MS criteria, and associated or not 
with drug cessation or initiation.

Methods
In a single academic center, we retrospectively 
evaluated data from patients who had at least one 
clinical episode related to one or more large 
demyelinating plaques on brain magnetic reso-
nance imaging (MRI), either as the first clinical 
event or during the follow-up period of their MS 
course. Brain biopsy was not an inclusion crite-
rion for this study. Patients with a previous demy-
elinating event (i.e. confirmed MS) were also 
included. We excluded patients with Balo-like 
lesions, as they represent a distinct clinical and 
radiological disease entity described by our 
research team,19 as well as pediatric MS patients, 
and patients with acute demyelinating encephalo-
myelitis and neuromyelitis optica (NMO). Other 
exclusion criteria were the presence of peripheral 

nervous system involvement, other autoimmune 
comorbidities or systemic diseases, prior expo-
sure to radiation, and radiological or clinical data 
indicative of an ensuing neoplastic or paraneo-
plastic process. Based on the aforementioned cri-
teria, 50 patients were identified between 2008 
and 2020. All retrospective study procedures were 
performed under protocols approved by our cent-
ers’ ethics committee of Eginition Hospital 
(12360/2.12.2019). Written informed consent was 
obtained from all recruited research participants.

Clinical and demographic data
The demographic and clinical data included age 
at disease onset, age at TDL presentation, sex, 
and family history of demyelinating disease. 
Neurological findings at TDL onset were classi-
fied as pyramidal, sensory, brainstem, cerebellar, 
optic neuritis, visual field defects, bowel/bladder/
sexual dysfunction, acute cognitive changes, 
global aphasia, diplopia, and epileptic seizures. 
We also evaluated: (a) the total follow-up time 
from disease onset, (b) the number of clinical 
attacks during the follow-up, (c) the type of dis-
ease course (relapsing–remitting, secondary pro-
gressive, monophasic), (d) relapse occurrence, 
(e) treatment during the acute phase (first-line 
treatments: corticosteroids and/or additional 
plasma exchange; second-line treatments: immu-
nosuppressive therapeutic intervention, with 
either first cycle of rituximab or monthly doses of 
cyclophosphamide, less than 6 months from dis-
ease initiation) and long-term treatments during 
follow-up (chronic treatment, immunomodula-
tory and/or immunosuppressive therapeutic inter-
ventions). Finally, we compared the Expanded 
Disability Status Scale (EDSS) score at the TDL 
onset, after acute treatment (<3 months from TDL 
onset) and at the latest neurological evaluation.

MRI acquisition and analysis
The study protocol included brain MRI scans in 
all patients, on 1.5 or 3 TESLA scanners, using 
T1w pre- and post-gadolinium infusion, fluid 
attenuation inversion recovery, and T2-weighted 
(T2w) sequences. TDLs were defined as lesions 
with size ⩾2 cm in diameter, with or without per-
ilesional edema, mass effect, and/or contrast 
enhancement. We recorded specific radiological 
parameters at TDL occurrence: the size of all 
TDLs, number and localization, presence of a mass 
effect, edema, presence of T2w hyperintensity, 
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fulfillment of the Barkhof criteria,20 periventricu-
lar white matter involvement, presence of longitu-
dinally extensive transverse myelitis (extensive 
involvement of the spinal cord, with abnormal T2 
signal traversing at least three vertebral body seg-
ments in length), spinal involvement, and brain 
atrophy on MRI. We further categorized the 
enhancement pattern at TDL occurrence (homo-
geneous gadolinium enhancement, heterogene-
ous gadolinium enhancement, closed ring, open 
ring, nodular, and punctuate) as well as after 
acute or chronic treatment (whenever data were 
available). Enhancement patterns were defined 
according to the study of Lucchinetti et  al. as 
homogenous (uniform and solid enhancement 
throughout the lesion); open-ring (whenever the 
open part was layered toward the gray matter); 
closed ring (when having a complete clear circu-
lar border line); heterogeneous (with variable and 
complex pattern of enhancement). In indicated 
patients, more specific enhancement patterns 
could be observed and included: nodular with 
distinct areas of enhancement each > 2mm 
among non-enhancing areas and punctate 
enhancement characterized by distinct areas of 
enhancement each <2 mm.21 Repeat neuroimag-
ing was available in 31/50 of patients. Missing 
participant data on follow-up MRI was either due 
to the monophasic demyelinating disease without 
recurrence or due to the unavailability of patients 
for a second follow-up MRI scan in our neuroim-
aging facility.

Biological and histological analysis
Cerebrospinal fluid (CSF) test included white 
blood cell (WBC) count, total protein level, glucose 
level, IgG index (the normal IgG index reference 
was <0.65), and oligoclonal band (OCB) evalua-
tion. When available, we reviewed the histological 
data of brain biopsies performed in stereotactic 
conditions (available biopsies: n = 6, Supplemental 
material Table 5 online). We also included in the 
study the presence of anti-myelin oligodendrocyte 
glycoprotein (MOG), anti-Aquaporin 4 (AQ4), 
and antinuclear (ANA) antibodies.

Statistical analysis
We compared variables among the five subpopu-
lations of patients (Marburg-like TDL, mono-
phasic TDL, recurrent TDL, MS→TDL, and 
TDL→MS). Mann–Whitney test was used for 
quantitative variables. A p-value <0.05 was 

considered as the threshold of statistical signifi-
cance. Analyses and image construction were per-
formed using GraphPad-software.

Results

Demographic and clinical cohort features
The main demographic and clinical features of all 
patients included in our study are shown in Table 1 
and Supplemental Tables 1 and 2. Analysis of 
patients’ past medical and family histories did not 
indicate any potential preceding triggering factors 
or presence of comorbid autoimmune conditions; 
however, a family history of MS was found in 
seven patients (14%). Sixty-six patients were 
women with a mean age of 34.44 (SD ± 10.60) 
years at disease initiation and 38.12 (SD ± 10.67) 
years at TDL presentation. The mean follow-up 
time of our patients from disease onset was 76.44 
(SD ± 73.24) months. At TDL presentation, 
neurological signs of pyramidal involvement were 
observed in almost all cases (94%), whereas sen-
sory involvement was evident in approximately 
60% of the cases. Patients also manifested visual 
deficits (hemianopsia or cortical blindness, 18%), 
optic neuritis (8%), brainstem involvement 
(14%), and cerebellar involvement (28%). Global 
aphasia and epileptic seizures occurred in two 
(4%) and three (6%) cases, respectively (Table 1, 
Supplemental Tables 1 and 2, Supplemental 
Figure 1). TDL was the first neurological event in 
28 of the 50 (56%) patients analyzed, while the 
others had another prior demyelinating event or 
already carried a diagnosis of MS. MS criteria 
during the total follow-up were fulfilled in 43 
patients. The mean number of clinical relapses 
was 2.42 (SD ± 1.162) and only 10 patients 
underwent only one clinical attack. After the first 
attack with TDL, 24% (12/50) of patients devel-
oped new TDLs during the follow-up with a 
mean number of clinical attacks of 3.25 
(SD ± 1.485) (Table 1). Among patients with 
TDL with a previous MS diagnosis, 13 cases were 
relapsing–remitting MS (RRMS; 81%), whereas 
three cases were categorized as secondary-pro-
gressive MS (19%). The mean duration between 
the disease onset (MS) and the development of 
the first TDL was 75.63 ± 75.49 months. When 
patients with a prior history of MS developed 
TDLs they were either on therapy (56%) or 
treatment-naïve (44%). Drugs used for MS 
treatment before TDL appearance were interfer-
ons (31%), fingolimod (6%), natalizumab (6%), 
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and glatiramer acetate (25%) for a period of more 
than 12 months.

MRI findings in TDLs
Examples of patients’ MRI are shown in Figures 
1–5 and Supplemental Figures 3 and 4. The 
mean largest diameter of TDLs on MRI was 3.45 
(SD ± 1.56) cm. Edema surrounded the lesions in 
14 cases (29%) and a mass effect was evident in 
six cases (12%). The presence of T2w hyperin-
tensity inside the TDL was prominent in 29 cases 
(57%) (Table 1 and Supplemental Tables 1 and 2). 
Regarding topography, lesions were most com-
mon in the parietal (31 patients, 62%) and frontal 
lobes (26 patients, 52%) and less in the temporal 
(13 patients) and occipital lobes (10 patients), 
and the cerebellum (five patients) (Supplemental 
Figure 2). At the initial brain MRI of the tume-
factive attack, solitary TDLs were observed in 40 
patients (80%), whereas 10 patients presented 
with multiple TDLs. The mean number of TDL 
lesions in our cohort was 1.3 (SD 0.74). Of all 
patients, 67% fulfilled the radiological Barkhof 
criteria at TDL onset (Table 1 and Supplemental 

Tables 1 and 2). Interestingly, in patients initially 
presenting with TDL, the radiological Barkhof 
criteria were fulfilled in 29% of those with mono-
phasic TDL, in 50% of patients with subsequent 
TDL attacks, and in 60% of patients that eventu-
ally developed classical MS (without evidence of 
further TDL attacks) (Table 1). On T1w 
sequences, gadolinium enhancement was 
observed in 43 patients (86%), with a closed ring 
and open ring enhancement in 13 (26%) and 10 
(20%) patients, respectively. Other gadolinium 
enhancement patterns observed were homogene-
ous (10%), heterogeneous (26%), nodular (8%), 
and punctuate (6%). Spinal lesions were observed 
in 27 of 50 (53%) patients (five with longitudi-
nally extensive lesions, seronegative in AQ4, 
MOG antibodies) (Table 1 and Supplemental 
Tables 1 and 2). MRIs were available in 31 out of 
50 patients for analysis of TDL characteristics 
after acute treatment with either corticosteroids 
or plasma exchange. At this time point, the mean 
largest diameter of the previous TDLs was 1.967 
(SD ± 1.116) cm (marked reduction in mean size 
compared with initial TDL size) and residual 
gadolinium enhancement was observed only in 

Figure 1.  Radiological characteristics of two patients presented with Marburg-like tumefactive lesions. Bilateral Marburg-like 
tumefactive lesions of a patient at disease onset [(a)–(c)], after chronic treatment with mitoxantrone, cyclophosphamide, and 
glatiramer acetate showing significant resolution of the lesions [(d) and (e)]. This patient, 10 years after disease onset has an EDSS 
score of 1. A second patient with Marburg-like demyelination in the right centrum semiovale at onset [(f)] with Gd+ [(g)] and after 
three monthly cycles of cyclophosphamide. A significant resolution of the tumefactive lesion with no Gd+ was observed after three 
monthly cycles of cyclophosphamide [(h) and (i)] with EDSS score 1.5.
T2-weighted images: (a), (b), (d) to (f). FLAIR images: (c), (h). T1-weighted contrast-enhanced images: (g), (i).
EDSS, Expanded Disability Status Scale; FLAIR, fluid-attenuated inversion recovery; Gd+, gadolinium enhancement.
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Figure 2.  Radiological characteristics of two patients presented with tumefactive lesions with recurrent disease course with TDL 
(recurrent TDL). (a)–(g): Patient 1 presented with two simultaneous TDLs at initial TDL attack; in the right parietal lobe [(a)] and in 
the splenium of the corpus callosum [(b)]. On the second attack, a new TDL was observed in the pons [(c)] with Gd+ [(d)], another 
brain area distinct from the initial attack. Two years after rituximab and cyclophosphamide treatment all TDLs were significantly 
reduced in size [(e)–(g)]. A brain biopsy was performed in the persistent lesion in the splenium of the corpus callosum, which was 
indicative of demyelination. (h)–(n): Patient 2 presented with two TDLs at the initial tumefactive attack in the right corona radiata [(h)] 
with subtle Gd+ [(i)] and in the left parietal-temporal region [(j) and (k)] with no Gd+ [(l)]. Two years after, a second clinical attack 
occurred due to an increase in size of the initial TDL at the right centrum semiovale [(m)] without Gd+ [(n)]. The patient initially 
received intravenous cyclophosphamide cycles that were discontinued due to treatment failure and switched to rituximab after the 
second clinical attack resulting in disease remission.
T2-weighted image: (a). FLAIR images: (b), (c), (e) to (h), (j), (k), (m). T1-weighted contrast-enhanced images: (d), (i), (l), (n).
FLAIR, fluid-attenuated inversion recovery; Gd+, gadolinium enhancement; TDL, tumefactive demyelinating lesion.

Figure 3.  Representative examples of MS patients presented with tumefactive lesions after fingolimod cessation and after 
fingolimod or natalizumab initiation. Patient 1 developed five TDLs [(a) and (b)] 5 months after fingolimod cessation with both 
closed and open ring Gd+ pattern [(c) and (d)]. Patient 2 presented with two TDLs [(e)] with heterogeneous Gd+ [(f)] 3 months after 
natalizumab initiation in the right frontal and right temporal lobes. MRI of a third patient with a TDL in the left middle cerebellar 
peduncle [(g)] 1 month after fingolimod initiation with subtle Gd+ [(h)].
FLAIR images: (a), (b), (e). T2-weighted image: (g). T1-weighted contrast-enhanced images: (c), (d), (f), (h).
FLAIR, fluid-attenuated inversion recovery; Gd+, gadolinium enhancement; MRI, magnetic resonance imaging; TDL, tumefactive demyelinating 
lesion.
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Figure 4.  Paradigms of successfully treated patients with TDL after alemtuzumab or rituximab. (a) and (b) 
Images represent a patient with a TDL in the left centrum semiovale, treated in the acute phase with IVMP. 
Subsequently, the patient developed a typical MS and received 6 months later the first course of alemtuzumab; 
an excellent clinical and radiological response 1 year after was noted with also a significant decrease in the 
TDL size [(c) and (d)]. The second patient presented with multiple TDLs in the left cerebral hemisphere and left 
middle cerebellar peduncle [(e) and (f)]; responded well to rituximab courses with no further clinical attacks 
[(g) and ( h)].
FLAIR images: (a), (b), (d) to (h). Double inversion recovery (DIR) image: (c).
Gd+, gadolinium enhancement; IVMP, intravenous methylprednisolone; MS, multiple sclerosis; TDL: tumefactive 
demyelinating lesion. 

Figure 5.  A paradigm of successfully treated TDL with rituximab in a patient with MS during chronic treatment 
with natalizumab. (a) and (b) The patient presented for the first time TDL-like lesion (non-PML) in the right 
precental gyrus with no Gd+ during natalizumab treatment. (c) and (d) After natalizumab withdrawal and IVMP 
course, a significant MRI activity with enlargement of the TDL (non-PML) and multiple bilateral hemispheric 
punctuate Gd+ lesions were noted. (e) and (f) Further increase in size of the TDL with a little reduction of 
the punctuate Gd+ lesions following three monthly cycles of cyclophosphamide (cyclophosphamide failure, 
9 months after TDL-like lesion appearance). (g) and (h) Remarkable reduction of the TDL (non-PML) with slight 
remaining Gd+ post-rituximab initiation.
FLAIR images: (a), (c), (e), (g). T1-weighted contrast-enhanced images: (b), (d), (f), (h).
Gd+, gadolinium enhancement; IVMP, intravenous methylprednisolone; MRI, magnetic resonance imaging; MS, multiple 
sclerosis; PML, progressive multifocal leukoencephalopathy; TDL, tumefactive demyelinating lesion.
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three patients (Table 1 and Supplemental Tables 
1 and 2). After chronic treatment, during the last 
follow-up, the mean diameter of the previous 
TDLs was 1.703 (SD ± 1.938) cm and none of 
the patients had any gadolinium enhancement.

Biological findings
CSF analysis showed an increased IgG index 
(mean, 0.83; SD ± 0.44) in patients with TDLs (11 
out of 26 patients tested presented high IgG index, 
42%), with a mean WBC count of 6.73 (SD ± 8.13) 
cells/μL and mean protein level of 42.62 
(SD ± 20.97) mg/dL. OCBs were found in 24/35 
(68.6%) of patients tested. A low titer of ANA anti-
bodies (>1:80) was detected in four patients, 
whereas anti-MOG and AQ4 antibodies were neg-
ative (Table 1 and Supplemental Table 1).

Outcome profiles of patients presenting  
with TDLs
Details of follow-up and treatment strategies in our 
cohort are summarized in Table 1 and Supplemental 
Table 1. By the end of the follow-up, 17 patients 
had significantly improved (>50% reduction in the 
EDSS score) and 31 were stable, whereas two had 
worsened. One patient died after a disease course of 
2 years due to the neurological consequences of the 

TDL (previously reported by our research team).22 
For the purposes of our study, we assigned an 
EDSS score of 10 to this patient. The mean EDSS 
score of the cohort at the TDL onset and at the end 
of the follow-up was 3.65 (SD ± 1.51) and 2.32 
(SD ± 1.76), respectively.

Stratification in subgroups
Based mainly on literature reviews, the clinical/
radiological data of our patients, and considering 
the disease course during the total follow-up time, 
we classified our patients in seven major sub-
groups (Figure 6).21 Group A consisted of patients 
presenting with Marburg-like TDL (n = 4) (Figure 1). 
Groups B and C consisted of patients presenting 
with monophasic (n = 7) and recurrent TDLs 
(n = 12), respectively (Figure 2 and Supplemental 
Figure 3). Group D consisted of MS patients  
who subsequently developed TDL (n = 16) during 
the disease course (Figure 5 and Supplemental 
Figure 4). Group E comprised patients initially 
presenting with TDL and subsequently develop-
ing classical RRMS without further evidence of 
TDL (n = 5). Group D (n = 2) and F (n = 4) 
involved patients with MS who developed TDL 
during drug initiation (natalizumab, fingolimod) 
and cessation, (interferon/possible, fingolimod), 
respectively (Figure 3).

Figure 6.  Stratification of patients in subgroups. (a) Illustrative graph with different colors showing the various 
subgroups of patients included in the present study. Group A consisted of patients presented with Marburg-like 
TDL (n = 4). Groups B and C consisted of patients presented with monophasic (n = 7) and recurrent TDL (n = 12), 
respectively. Group D consisted of MS patients that subsequently developed TDL (n = 16) during MS disease 
course. Group E comprised patients initially presenting with TDL and subsequently developing MS without 
evidence of TDL (n = 5). Groups D (n = 2) and F (n = 4) involved patients with MS who developed TDL during drug 
initiation (natalizumab, fingolimod) and cessation, (interferon/possible, fingolimod) respectively. (b) Graph 
showing the EDSS score of each subgroup analyzed at TDL onset, after acute treatment (less that 3 months of 
disease initiation), and after the last follow-up. Statistically significant differences in the EDSS scores among 
the various time points in each subgroup are depicted in the figure. GraphPad was applied for image making 
and statistical analysis.
EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; TDL, tumefactive demyelinating lesion.
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Differences observed among the subgroups 
regarding clinical, radiological, and biological 
data are presented in Table 1, Supplemental 
Tables 2 and 3, and Figure 6. Subgroup analysis 
showed that patients with monophasic TDL 
compared with those with recurrent TDL had 
higher WBC count in the CSF analysis and a 
higher IgG index, but the presence of OCBs did 
not differ significantly among groups (Table 1). 
Moreover, a pattern of open ring contrast 
enhancement was more prominent in patients 
with TDL who subsequently developed MS com-
pared with patients with monophasic TDLs 
(Table 1). The frequency of positive OCB in 
patients with monophasic TDL was 83%, whereas 
in patients with TDL at disease initiation who 
subsequently developed classical MS it was 33% 
(no statistical significance between these sub-
groups due to the small number of data). The fre-
quency of positive OCB was very high (90%) in 
the group of MS patients who subsequently 
developed TDL (92%), compared with the recur-
rent TDL group (40%), and that difference was 
statistically significant (p = 0.02) (Table 1).

Progression to MS
Of the patients (n = 24) who initially presented 
with TDL (Marburg variant excluded), seven 
(29%) had monophasic TDL (71% female), 12 
(50%) had recurrent TDLs (58% female), and 
five (21%) developed classical MS without the 
emergence of further TDLs (40% female) during 
the total follow-up time. Patients with recurrent 
TDLs eventually fulfilled the MS diagnostic crite-
ria (MacDonald) during the follow-up time (mean 
time: 54.25 months; SD ± 43.03). The mean fol-
low-up time of cases with monophasic TDL was 
68.57 (SD ± 33.99) months and of cases with 
TDL who subsequently developed MS 29.6 
(SD ± 18.96) months. Longer follow-up periods 
will reveal the progression of TDL to definite MS. 
We compared patients with TDL at initial presen-
tation who did not convert to MS (n = 10) with 
those with TDL who eventually developed MS (as 
defined by the MacDonald criteria, including 
patients with recurrent TDL) (TDL converters; 
n = 18). Non-TDL converters exhibited larger 
TDLs (p = 0.01) in brain MRI analysis with prom-
inent heterogeneous gadolinium enhancement 
pattern (p = 0.0126) and less frequent open ring 
enhancement pattern (p = 0.0593), as well as a 
greater number of WBC count (p = 0.0256) and 
protein level (p = 0.0663) in CSF analysis, 

compared with TDL converters. There were no 
significant differences between groups regard-
ing sex, OCB presence, and EDSS score 
(Supplemental Table 4).

TDL onset in MS patients related to drug 
initiation or cessation
We identified two patients who developed TDLs 
after natalizumab and fingolimod initiation. The 
time after drug initiation was 3 and 1 months from 
natalizumab and fingolimod, respectively. 
Moreover, four patients developed TDL after drug 
cessation and specifically one after interferon with-
drawal (11 months from the last dose, possible 
association due to long time interval, but a causal 
relationship cannot be totally excluded) and three 
after fingolimod withdrawal (5.75 months; mean 
time from the last dose). The clinical, biological, 
and radiological features of these patients are sum-
marized in Supplemental Table 3 and characteris-
tic images are depicted in Figure 3.

Treatments used in the cohort
Regarding acute treatment after TDL appear-
ance, all patients received high doses of corticos-
teroids (100%), whereas only 7/50 (14%) were 
placed on additional plasma exchange therapy. 
The mean EDSS score after the acute treatment 
was 2.35 (SD ± 1.196). In the total cohort of 
TDL patients, chronic treatment involved both 
immunomodulatory drugs, such as glatiramer 
acetate (22%), teriflunomide (4%), fingolimod 
(4%), natalizumab (18%), and alemtuzumab 
(8%), as well as immunosuppressive drugs, such 
as cyclophosphamide (34%), rituximab (28%), 
azathioprine (4%), and mitoxantrone (6%). 
Sixteen patients (32%) received more than one 
treatment agent during follow-up as the first 
could not totally control disease activity and pro-
gression (change to another immunomodulatory 
or immunosuppressive therapy, or change from 
an immunomodulatory to immunosuppressive 
treatment) (Table 1). We did not find any signifi-
cant correlation among the radiographic charac-
teristics of tumefactive lesions and the various 
treatments used or any correlation with demo-
graphic or regional data. Decisions regarding 
therapeutic strategies after first-line treatment 
were made based on various factors such as lesion 
characteristics (size and presence of edema or 
mass effect), the initial response to corticoster-
oids, fulfillment of the Barkhof criteria, presence 
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of OCBs, and suggestions retrieved from the lit-
erature for tumefactive MS (expert opinions/
small case series). We stratified our patients with 
initial TDL presentation in two subgroups, based 
on the presence or not of concomitant lesions 
typical of MS (the radiological Barkhof criteria 
were applied to this categorization). In Group 1, 
patients with isolated TDLs who did not fulfill 
the Barkhof criteria were treated with intense 
immunosuppressant therapy; cyclophosphamide: 
eight cases out of 16 (50%) and rituximab: four 
cases out of 16 (25%). Of the patients in Group 
1, 43% were placed on glatiramer acetate for 
maintenance therapy. Patients presenting with a 
TDL and more typical MS lesions simultane-
ously, fulfilling the radiological Barkhof criteria or 
having a prior history of MS (Group 2; n = 12), 
were mainly treated with rituximab (50%) and, to 
a lesser extent, with cyclophosphamide (40%), 
while also other less immunosuppressive thera-
pies, such as glatiramer acetate (16%), were 
applied. A limited number of cases were treated 
with natalizumab (n = 1) and alemtuzumab 
(n = 1). Patients who presented initially with iso-
lated TDLs and during follow-up developed 
more typical MS relapses without further TDLs 
(classical RRMS) were treated with chronic main-
tenance therapies with MS disease-modifying 
drugs (e.g. natalizumab, glatiramer acetate). An 
interesting case presented with an atypical (non-
PML) TDL during chronic treatment for MS 
with natalizumab and was eventually treated with 
rituximab (Figure 5).

A distinct disease subgroup in our cohort was that 
of recurrent TDLs (Figure 2). We noticed a vari-
able and incomplete response to first-line treat-
ment with steroids. For better therapeutic results, 
acute treatment with either cyclophosphamide 
(50%) or rituximab (50%) was initiated after first-
line treatment with corticosteroids. Good radio-
logical and clinical response to corticosteroids was 
a factor favoring further B cell depletion therapy 
with rituximab. Patients with moderate or no 
response to steroid therapy were treated with 
either plasmapheresis (n = 3) or monthly doses of 
cyclophosphamide (n = 4). Patients who responded 
partially to plasmapheresis were eventually suc-
cessfully treated with cyclophosphamide (n = 2). 
One patient that did not respond well to steroids 
but eventually responded to plasmapheresis was 
placed on rituximab (Figure 4). Three patients 
with high disease activity were placed during the 
follow-up in both cyclophosphamide and 

subsequent rituximab therapy. Drugs used in the 
interim between attacks were mostly glatiramer 
acetate and only two case received natalizumab 
and alemtuzumab respectively (Table 1). 
Suggested treatment algorithm used in the present 
study is depicted in Figure 7. This algorithm rep-
resent our clinical experience, and validation in 
larger cohorts is warranted for better therapeutic 
decisions.

Discussion
Our current series spans the spectrum of tume-
factive demyelination from an isolated demyeli-
nating syndrome, like clinically isolated syndrome, 
to a demyelinating syndrome with atypical radio-
logical and clinical findings (Marburg variant), to 
a recurrent form of demyelination with TDL, and 
finally to classical MS.13 One of the largest case 
series of biopsy-proven tumefactive demyelina-
tion reported that 14% of patients exhibited a 
monophasic course, whereas 70% of patients 
eventually developed definite MS, with a median 
time to relapse of 4.8 years.21 Other studies have 
shown that approximately 50% of patients ini-
tially diagnosed with TDL finally converted to 
definite MS, with a mean time to conversion 
shown to be 8 months and presence of OCBs at 
TDL onset to confer a high probability for MS 
diagnosis during follow-up.23 In the study by 
Tremblay et al., the percentage of patients exhib-
iting relapse was 29% when they presented with 
solitary TDL and 33% in multifocal lesions at ini-
tial presentation.24 Siri et al. described three pos-
sible TDL evolutions over time: conversion to 
MS (31%), isolated TDL (63%), and recurrent 
TDL (6%).18

In our study, among patients who initially pre-
sented with TDL (n = 28), approximately 36% 
did not have any further demyelinating episodes 
and thus were classified as monophasic TDL, 
43% had recurrent TDL lesions, and 18% devel-
oped classical MS without the emergence of fur-
ther TDLs during the follow-up. Nevertheless, a 
limitation that should be considered is that fur-
ther patients with TDL may evolve to MS or 
recurrent TDLs in the future. Importantly, from 
patients (n = 7) that during the follow-up exhib-
ited monophasic disease course (Marburg-like 
disease excluded), only two fulfilled MacDonald 
criteria, so a considerable number of patients did 
not show any signs of dissemination in space. 
Regarding the severity of the overall clinical 
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course of TDLs, we showed that our patients, in 
agreement with previous reports, exhibited a 
favorable disease course (mean reduction in the 
EDSS score from disease initiation to last follow-
up; 36%) with only a few exceptions (n = 2) and 
one death.25,26 We believe that the appropriate 
therapeutic decisions, as described below, beyond 
disease-inherent factors, contributed to this 
benign overall clinical course.

In our cohort, patients with isolated TDLs who 
did not fulfill the MS diagnostic criteria were 
treated with a more intense immunosuppressant 
therapy [mainly placed on cyclophosphamide 
(eight out of 16 cases) and fewer on rituximab 
(four cases)]. A considerable number of such 
cases were placed on glatiramer acetate for main-
tenance therapy (43%). Patients presenting with 
TDL and more typical MS lesions simultane-
ously, fulfilling the radiological Barkhof criteria or 
having a prior history of MS, were mainly treated 
with rituximab (11 out of 27 cases; 41%) and to a 
lesser extent with cyclophosphamide (seven out 
of 27; 26%), while other less immunosuppressive 
therapies, such as glatiramer acetate (15%), terif-
lunomide (7%), and azathioprine (4%), were also 
applied. Patients not fulfilling the radiological 

Barkhof criteria or without prior history of MS 
were treated mainly with cyclophosphamide (nine 
out of 17, 53%) and treated less with rituximab 
(four out of 17, 24%), glatiramer acetate (seven 
out of 17, 41%), or azathioprine (6%) during the 
total follow-up period.

Recurrent TDL represents a clinical/radiological 
syndrome that has not been thoroughly described 
before due to the limited numbers of cases.18,22,27–30 
It is unclear whether such cases belong to a sepa-
rate subset of demyelinating diseases of the CNS 
or represent a variant of MS. Further clinical evi-
dence on natural history and optimal treatment is 
warranted. Herein, we present for the first time in 
the literature 12 patients with recurrent TDL and 
try to identify any distinct features of this disease 
entity. These patients, who all fulfilled MS criteria 
during the total follow-up time, exhibited the 
highest number of clinical attacks compared with 
the other disease subgroups. Of these patients, 
40% had positive OCBs. Our analysis did not 
reveal any difference in the presence of OCB 
among patients with monophasic TDL and those 
with recurrent TDL. In accordance with previous 
observations showing that approximately 50% of 
tumefactive MS patients were resistant to steroid 

Figure 7.  Suggested treatment algorithm for patients initially presented with TDL depending on data from this 
manuscript.
DIS, dissemination in space; i.v., intravenous; MRI, magnetic resonance imaging; MS, multiple sclerosis; PLEX, plasma 
exchange therapy; RR, relapsing–remitting; TDL, tumefactive demyelinating lesion.
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therapy and developed fulminant attacks, we 
noticed a variable and incomplete response to 
first-line treatment with steroids.31 For that rea-
son, subsequent plasmapheresis and/or immuno-
suppression was immediately initiated to achieve 
further clinical and radiological improvement. 
The decision on the immunosuppressant agent 
was based on the magnitude of response to ster-
oids or plasmapheresis. Generally, a good response 
to either steroids or plasmapheresis prompted us 
to continue with rituximab, whereas in patients 
with the incomplete response we further treated 
them with cyclophosphamide. Within the first 
3 months of such treatment, patients exhibited 
optimal therapeutic benefits and maintained sta-
ble during the follow-up. Herein, we also report 
one case with recurrent TDL in which the disease 
was controlled by alemtuzumab treatment. This 
patient with positive OCB presented with recur-
rent TDL that was initially treated with natali-
zumab, but further attacks with TDL and 
seropositivity for John Cunningham (JC) virus led 
to the switch to alemtuzumab. Of note, TDLs of 
this patient during attacks were very responsive to 
corticosteroid treatment (significant reduction in 
size, no more fulfilling TDL criteria) and the dis-
ease course was typical relapsing–remitting, like 
classical MS. So, we believe that second-line dis-
ease modifying therapies used in classical MS, 
with the exception of fingolimod, under specific 
disease settings and with high clinical vigilance, 
could be applied to patients with highly active 
relapsing TDL fulfilling MS diagnosing criteria 
and optimal response to first-line treatment with 
corticosteroids, as previously described by others 
in small case series.32–35 The overall clinical 
response considering the EDSS score during the 
last visit was benign (only one patient was resist-
ant to cyclophosphamide, rituximab, and mitox-
antrone). There was a statistically significant 
reduction in the EDSS score (~33%) after acute 
treatment (measured at the first 3 months from 
TDL onset) with high doses of corticosteroids and 
subsequent immunosuppression with either ritux-
imab or cyclophosphamide that was maintained 
stable with the subsequent chronic immunomod-
ulatory or immunosuppressant therapies. The dis-
ease pathogenesis and the ensuing immune 
mechanisms associated with recurrent TDL are 
still elusive and further studies are needed to 
strengthen our results.

There are inadequate data regarding TDLs aris-
ing during long term treatment with immune 

modifying drugs in MS.36 We could not identify 
any predisposing factor for TDL emergence. 
Interestingly, a rebound syndrome can occur as 
an increase in disease activity after treatment ces-
sation in MS, especially when discontinuing 
natalizumab or fingolimod. We found three cases 
who developed TDLs as a rebound after fingoli-
mod cessation with a mean time lapse between 
treatment withdrawal and rebound found to be 
5.75 months. Acute treatment for rebound 
included a high dose of steroids (3/3) and plasma 
exchange (1/3). Treatment after fingolimod ces-
sation included initially high doses of corticoster-
oids and subsequent administration of rituximab 
(1/3), natalizumab (1/3), and cyclophosphamide 
(1/3) with a mean reduction in the EDSS score of 
31% at the last follow-up. Regarding pathophysi-
ological aspects, fingolimod withdrawal has been 
associated with deregulated sphingosine-1-phos-
phate signaling on the astrocytes.37 Interestingly, 
sphingosine-1-phosphate signaling is ubiquitously 
expressed in cells of the innate immune system 
and their response after fingolimod cessation is 
obscure.38 Other groups have suggested sustained 
lymphopenia as a risk factor for the rebound, but 
such results have not been verified in larger stud-
ies yet.39 We also identified one patient who 
developed TDLs after fingolimod initiation. In 
the literature, there are various hypotheses regard-
ing TDL emergence in MS patients after fingoli-
mod initiation. One is the predominance in 
selected patients of CD8+ effector T cells in the 
CSF that release perforin, another is the transient 
increase in T helper 17 (Th17) cells producing 
IL-17 and Th1-cells producing interferon-γ, and 
the last hypothesis suggests the overactivation of 
the innate immune system (overt macrophage 
activation and vasogenic edema) due to drug-
related impairment of adaptive immune mecha-
nisms.33,40 We could not identify any specific risk 
factors or clinical/radiological features that would 
increase susceptibility to TDL with fingolimod 
use at either initiation or cessation.

Finally, we described an interesting case presenting 
an atypical TDL during chronic treatment with 
natalizumab for MS. Natalizumab exerts an 
immune modulatory effect on the periphery affect-
ing preferentially circulating B cells (increases the 
number of mature B cells and pre-B cells) and, as 
known, exacerbates NMO disorders.41,42 TDL 
lesions during natalizumab treatment have been 
exceptionally described in the literature, some of 
them with fatal outcomes and the presence of 
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anti-natalizumab antibodies.8,9,43 We decided to 
withdraw natalizumab and intravenous methyl
prednisolone courses were started. JC virus poly-
merase chain reaction resulted negative in the CSF 
sample in repeated measurements. Anti-natalizumab 
antibodies were not tested. Despite corticosteroid 
treatment, significant MRI activity with enlarge-
ment of the lesion (that involved both white matter 
and subcortical U-fibers) and multiple bilateral hemi-
spheric punctuate gadolinium-enhanced lesions were 
noted. Immune reconstitution inflammatory syn-
drome (IRIS) after natalizumab treatment interrup-
tion not associated with PML has been described in 
limited cases.44,45 We considered that the underly-
ing mechanism for the exacerbation after natali-
zumab withdrawal in our case was a non-PML 
IRIS-like syndrome. Three monthly cycles of cyclo-
phosphamide could not prevent disease progres-
sion. However, a remarkable reduction in the TDL 
was observed after post-rituximab initiation and the 
disease is still in remission for years.

In the limitations of our study are included the rela-
tively small sample size of each subgroup and its 
retrospective design. While a strength of our study 
is the long follow-up study, our results regarding 
treatment strategies may not be generalizable to all 
cases. More studies are warranted to strengthen 
our conclusions regarding therapeutic protocols.

Conclusions
TDLs still represent a challenging scenario for cli-
nicians. In the present study, we compared patients 
with TDL at initial presentation who did not con-
vert to MS (36%) with TDL patients who eventu-
ally developed (64%). Non-TDL converters 
exhibited larger TDL lesions in brain MRI analy-
sis, with prominent heterogeneous gadolinium 
enhancement pattern and less frequent open ring 
enhancement pattern compared with TDL con-
verters. We present an interesting disease subgroup 
of patients who exhibit recurrent TDLs that might 
be a distinct group in the inflammatory demyeli-
nating diseases spectrum. We also present patients 
with MS that developed TDL during a relapse or 
during drug initiation or cessation. Finally, we pro-
vide a therapeutic algorithm that is mainly based 
on the observed clinical and radiologic response to 
treatment options at various time points. Our sug-
gested treatment approach requires close monitor-
ing of patients with repeated MRI to better 
understand the nature of the disease. We noticed a 
variable and incomplete response to first-line 

treatment with steroids in patients with recurrent 
TDL. Plasma exchange is used as a second-line 
treatment in corticosteroid-resistant TDL relapses. 
Good radiological and clinical response to corti-
costeroids and/or plasma exchange therapy is a fac-
tor favoring further B-cell depletion strategies. 
B-cell directed therapies such as rituximab are 
highly effective in patients with recurrent TDL 
lesions, and provide long and stable improvement. 
Cyclophosphamide was reserved for more aggres-
sive cases with poor response to corticosteroids 
and after plasma exchange failure. Second-line 
disease-modifying therapies used in classical MS, 
with the exception of fingolimod, could be applied 
to patients with highly active relapsing TDL and 
optimal clinical and radiological response to first-
line treatment. To date, there are no established 
treatment guidelines for TDL and most knowl-
edge arises from small case series and expert opin-
ions. Further, multicenter, larger, prospective 
studies of patients with TDL lesions are necessary 
for a better understanding of these disease entities 
and for generation of therapeutic algorithms. The 
pathogenetic mechanisms of tumefactive MS are 
elusive and further functional and phenotypic 
experiments are needed to investigate whether 
such disease represents a distinct demyelinating 
disease or a subset of MS patients with specific 
radiological features.

Conflict of interest statement
AGV, GV, PT, EG, AD, EP, LS has nothing to 
disclose. DT has received research grants and lec-
ture fees from Sanofi Genzyme, Biogen, Teva, 
and Novartis. JST has shares in the research and 
diagnostic laboratory of Tzartos NeuroDiagnostics. 
He has also received travel grants from Genzyme, 
Genesis Pharma, Teva, and Novartis and advisory 
boards from Genesis Pharma, Novartis, and Teva. 
MA has received research grants from Biogen, 
Merck-Serono, Novartis, Teva, Bayer, and 
Genzyme, as well as lecture-fees from Novartis, 
Teva, Biogen, and Genzyme. EA has received 
research grants from Biogen, Merck-Serono, 
Novartis, and Sanofi Aventis, as well as lecture-
fees from Teva. GK has received research grants 
from Genesis Pharma and Teva, consultation 
fees, advisory board remuneration and honoraria 
from Genzyme, Genesis Pharma, Teva, and 
Novartis. MEE has received travel grants and con-
sulting fees from Biogen, Novartis, Teva, 
Genzyme, and Merk. CK has received grants and 
honoraria from: Bayer, Biogen, Genesis Pharma, 
Merck-Serono, Novartis, Sanofi Genzyme, Teva.

https://journals.sagepub.com/home/tan


AG Vakrakou, D Tzanetakos et al.

journals.sagepub.com/home/tan	 17

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Data availability
The datasets generated for this study are available 
on reasonable request to the corresponding 
author.

ORCID iDs
Aigli G. Vakrakou  https://orcid.org/0000-0002- 
7712-7216

Dimitrios Tzanetakos  https://orcid.org/0000- 
0001-8925-3327

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Hardy TA and Chataway J. Tumefactive 

demyelination: an approach to diagnosis and 
management. J Neurol Neurosurg Psychiatry 2013; 
84: 1047–1053.

	 2.	 Hardy TA. Pseudotumoral demyelinating lesions: 
diagnostic approach and long-term outcome. Curr 
Opin Neurol. 2019; 32: 467–474.

	 3.	 Xia L, Lin S, Wang ZC, et al. Tumefactive 
demyelinating lesions: nine cases and a review of 
the literature. Neurosurg Rev 2009; 32: 171–179; 
discussion 179.

	 4.	 Aringer M, Costenbader K, Daikh D, et al. 2019 
European League Against Rheumatism/American 
College of Rheumatology classification criteria for 
systemic lupus erythematosus. Arthritis Rheumatol 
2019; 71: 1400–1412.

	 5.	 Wattamwar PR, Baheti NN, Kesavadas C, et al. 
Evolution and long term outcome in patients 
presenting with large demyelinating lesions as 
their first clinical event. J Neurol Sci 2010; 297: 
29–35.

	 6.	 Croteau D, Tobenkin A, Brinker A, et al. 
Tumefactive multiple sclerosis in association with 
fingolimod initiation and discontinuation. Mult 
Scler 2020: 1352458520938354.

	 7.	 Algahtani H, Shirah B and Alassiri A. 
Tumefactive demyelinating lesions: a 
comprehensive review. Mult Scler Relat Disord 
2017; 14: 72–79.

	 8.	 Debs R, Maillart E, Fahed R, et al. Extensive 
brain demyelinating lesions under natalizumab: 
the role of anti-natalizumab antibodies. Neurology 
2015; 85: 1630–1632.

	 9.	 Moghadasi AN and Baghbanian SM. 
Tumefactive demyelinating lesions in a patient 
with multiple sclerosis receiving natalizumab. 
Acta Neurol Belg 2019; 119: 137–139.

	10.	 Twyman C and Berger JR. A giant MS plaque 
mimicking PML during natalizumab treatment.  
J Neurol Sci 2010; 291: 110–113.

	11.	 Hardy TA, Reddel SW, Barnett MH, et al. 
Atypical inflammatory demyelinating syndromes 
of the CNS. Lancet Neurol 2016; 15: 967–981.

	12.	 Ayrignac X, Carra-Dalliere C and Labauge P. 
Atypical inflammatory demyelinating lesions and 
atypical multiple sclerosis. Rev Neurol 2018; 174: 
408–418.

	13.	 Hardy TA, Tobin WO and Lucchinetti CF. 
Exploring the overlap between multiple sclerosis, 
tumefactive demyelination and Baló’s concentric 
sclerosis. Mult Scler 2016; 22: 986–992.

	14.	 Eckstein C, Saidha S and Levy M. A 
differential diagnosis of central nervous system 
demyelination: beyond multiple sclerosis.  
J Neurol 2012; 259: 801–816.

	15.	 Rovira A. Tumefactive idiopathic inflammatory 
demyelinating lesions: a diagnostic challenge. 
Mult Scler 2014; 20: 634–635.

	16.	 Weinshenker BG. Tumefactive demyelinating 
lesions: characteristics of individual lesions, 
individual patients, or a unique disease entity? 
Mult Scler 2015; 21: 1746–1747.

	17.	 Altintas A, Petek B, Isik N, et al. Clinical and 
radiological characteristics of tumefactive 
demyelinating lesions: follow-up study. Mult Scler 
2012; 18: 1448–1453.

	18.	 Siri A, Carra-Dalliere C, Ayrignac X, et al. Isolated 
tumefactive demyelinating lesions: diagnosis and 
long-term evolution of 16 patients in a multicentric 
study. J Neurol 2015; 262: 1637–1645.

	19.	 Tzanetakos D, Vakrakou AG, Tzartos JS, et al. 
Heterogeneity of Baló’s concentric sclerosis: a 
study of eight cases with different therapeutic 
concepts. BMC Neurol 2020; 20: 400.

	20.	 Barkhof F, Filippi M, Miller DH, et al. 
Comparison of MRI criteria at first presentation 
to predict conversion to clinically definite 
multiple sclerosis. Brain 1997; 120: 2059–2069.

	21.	 Lucchinetti CF, Gavrilova RH, Metz I, 
et al. Clinical and radiographic spectrum of 

https://journals.sagepub.com/home/tan
https://orcid.org/0000-0002-7712-7216
https://orcid.org/0000-0002-7712-7216
https://orcid.org/0000-0001-8925-3327
https://orcid.org/0000-0001-8925-3327


Therapeutic Advances in Neurological Disorders 14

18	 journals.sagepub.com/home/tan

pathologically confirmed tumefactive multiple 
sclerosis. Brain 2008; 131: 1759–1775.

	22.	 Vakrakou AG, Tzanetakos D, Argyrakos T, et al. 
Recurrent fulminant tumefactive demyelination 
with Marburg-like features and atypical 
presentation: therapeutic dilemmas and review of 
literature. Front Neurol 2020; 11: 536.

	23.	 Sánchez P, Meca-Lallana V, Barbosa A, et al. 
Tumefactive demyelinating lesions of 15 patients: 
clinico-radiological features, management and 
review of the literature. J Neurol Sci 2017; 381: 
32–38.

	24.	 Tremblay MA, Villanueva-Meyer JE, Cha S, 
et al. Clinical and imaging correlation in patients 
with pathologically confirmed tumefactive 
demyelinating lesions. J Neurol Sci 2017; 381: 
83–87.

	25.	 Brod SA, Lindsey JW and Nelson F. Tumefactive 
demyelination: clinical outcomes, lesion evolution 
and treatments. Mult Scler J Exp Transl Clin 2019; 
5: 2055217319855755.

	26.	 Balloy G, Pelletier J, Suchet L, et al. Inaugural 
tumor-like multiple sclerosis: clinical presentation 
and medium-term outcome in 87 patients.  
J Neurol 2018; 265: 2251–2259.

	27.	 Häne A, Bargetzi M, Hewer E, et al. Recurrent 
tumefactive demyelination without evidence of 
multiple sclerosis or brain tumour. J Neurol 2011; 
258: 318–320.
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