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1. Abstract

Pseudotumoral lesions are considered an atypical manifestation of demyelination of the
central nervous system. Due to their scarce frequency in patients with multiple sclerosis
(MS), they usually constitute a diagnostic challenge.

Our aim was to study the characteristics of patients with pseudotumoral lesions in a first
clinical episode, contributing to the description of this form of MS and its prognostic
implication.

Patients with pseudotumoral forms of MS were identified in the database of the
monographic outpatient clinic of the Marqués de Valdecilla University Hospital; and
demographic, clinical, analytical and radiological (MRI) variables were analysed
retrospectively in patients with these lesions.

Of the 450 patients included in the database, 14 (57% male) with a mean age of 33.64
years, presented with pseudotumoral lesions. The most frequent form of presentation
was motor (71%) or sensory (71%) deficits, followed by cerebellar or brainstem
symptoms. The majority (85%) required hospitalization, although only 3 cases required
diagnostic biopsy. The most frequent location for lesions was periventricular. At follow-
up, 11 patients (78%) met RRMS criteria and 3 met CIS criteria (21%). In addition, 10
patients started disease-modifying treatment.

Our results are in line with previous studies, providing further information on the
particularities of these lesions, both clinically and radiologically. Future research is
needed to better understand both this form of MS and its prognostic significance.

Keywords: pseudotumoral lesions (PL), multiple sclerosis (MS), magnetic resonance
imaging (MRI).



2. Resumen

Las lesiones pseudotumorales se consideran una manifestacion atipica de Ia
desmielinizacidn del sistema nervioso central. Su escasa frecuencia en pacientes con
esclerosis multiple (EM) constituye habitualmente un reto diagnéstico.

Nuestro objetivo es estudiar las caracteristicas de los pacientes con dichas lesiones en
un primer episodio clinico, contribuyendo a la descripcion de esta forma de EM vy su
implicacion prondstica.

Se identificaron pacientes con formas pseudotumorales de EM en la base de datos de la
consulta monografica del Hospital Universitario Marqués de Valdecilla, y se analizaron
variables demograficas, clinicas, analiticas y radiolégicas (RMN) retrospectivamente en
los pacientes con estas lesiones.

De los 450 pacientes incluidos en la base de datos, 14 pacientes (57% varones) con una
media de edad de 33.64 afios debutaron con lesiones pseudotumorales. La forma de
presentacion mas frecuente fue déficit motor (71%) o sensitivo (71%), seguido de clinica
cerebelosa o del tronco del encéfalo. La mayoria (85%) requirié hospitalizacion, aunque
s6lo en 3 casos biopsia diagndstica. La localizacion mas frecuente de las lesiones fue
periventricular. En el seguimiento 11 pacientes (78%) cumplieron criterios de EMRR y 3
de CIS (21%). Ademads, 10 pacientes iniciaron tratamiento modificador de la
enfermedad.

Nuestros resultados se sitlan en linea con estudios previos, aportando mayor
informacidn sobre las particularidades de dichas lesiones, clinica y radiolégicamente. Se
precisan futuras investigaciones para comprender mejor tanto esta forma de EM como
su significado prondstico.

Palabras clave: lesiones pseudotumorales, esclerosis mdultiple (EM), resonancia
magnética (RMN).



3. Background

Multiple sclerosis (MS) is the most common non-traumatic disabling disease in young
adults and the most prevalent chronic inflammatory disease of the central nervous
system (CNS), affecting more than 2 million people worldwide'?; but the underlying
etiology of the disease remains uncertain3°.

3.1. Pathogenesis

Current knowledge about the disease suggests that this disorder would develop in a
genetically susceptible individual who is exposed to a triggering specific external agent
and/or to an endogenous antigen, though such agent is rarely (if ever) identified®’. This
fact would be responsible for promoting the redundant autoimmune cascade in which
oligodendroglia, myelin, axons, and neurons are damaged. Physiopathologically, these
different mechanisms result in multiple focal areas of inflammation and demyelination,
which have been designated as "plaques"; as well as structural neuronal damage and
atrophy®>#-10,

In summary, MS is a complex and multifactorial disease; many genes modestly increase
disease susceptibility, in addition to several well-defined environmental factors, that
also have been suggested as triggering factors.

3.2. Epidemiology

Up to three-quarters of people affected by MS worldwide are reported as being females.
Furthermore, concerning the individual risk of developing MS, individuals with an
affected first-degree relative have a 2.5-5% risk of MS (compared to a risk of
approximately 0.1-0.2% in the general population). Genomewide association studies
have identified more than 200 gene variants that raise the risk of the disease, of which
the most significant remains the HLA DRB1*1501 haplotype (with an odds ratio of
approximately 3)%>11713,

Environmental risk factors such as geographic latitude, low vitamin D levels related to
ultraviolet B light (UVB) exposure, tobacco exposure, obesity, especially in adolescence;
and mononucleosis (resulted from infection with Epstein—Barr virus (EBV)) are also
associated with an enhanced risk of multiple sclerosis. Other viruses have been
suggested as potential causes, but none have been confirmed3—>712-16,

3.3. Clinical definition and MS phenotypes

Commonly, the age of MS onset varies from 20 to 40 years, however, onset at almost
any age has been described. Nevertheless, disease onset ages earlier than 10 years or
later than 50 years are considered rare conditions®>17/18,

Clinically, MS is characterized typically by fully or partially reversible episodes of
neurologic disability, usually lasting days or weeks. Typical presentation includes
monocular visual loss due to optic neuritis, cerebellar or brainstem syndrome, limb
weakness or sensory loss due to transverse myelitis'9-22,



Equally important is to emphasize that the clinical presentation of MS is variable about
the location of the lesion. MS may also involve cognitive functions, mental confusion
and deficits of symbolic functions (apraxia, agnosia, aphasia), in case of involvement of
the frontal regions; and acute memory dysfunction, in case of involvement of the
temporal regions?1920,23,

Nevertheless, the clinical behaviours of MS are highly heterogeneous and have a
decisive significance in both the progression of the disease and its prognostic
implications!®21,24,

As outlined in the latest consensus article on clinical phenotypes of MS (Lublin et al.,
Neurology 2014), a first major division can be established, related to the onset of the
disease. Thus, a distinction is defined between MS with relapses, in which there is an
absence of progression, and progressive MS, in which progression is responsible for the
increase in disability among patients, regardless of the presence of relapses?!

Focusing on MS with relapses, two clinical phenotypes are included within this entity?!:

e Clinically isolated syndrome (CIS): is defined as the initial form of presentation
of a demyelinating CNS disease such as MS, but in which no dissemination in time
(DIT) had objectified (Table 1). An absence of any neurological background, fever
or infection is essential for the diagnosis of this event. Its clinical course could
include any of the clinical presentations described above, and it is commonly
gradual and extends beyond 24 hours, but resolves spontaneously within days
or weeks, with or without recovery!®2%.22,

The review of the McDonald diagnostic criteria for MS carried out in 2011
(Polman et al., Annals of Neurology, 2011) established that the appearance of
DIT and dissemination in space (DIS) on MRI (Table 1), in patients who had
previously developed a CIS, implied the diagnosis of MS and, consequently, the
exclusion of these patients from the CIS fenotype?®. Accordingly, since the
Clinical Classification Review (Lublin et al., Neurology 2014), CIS has been
considered part of the relapsing-remitting MS phenotype as the initial disease
event?122,

DIS can be demonstrated by DIT can be demonstrated by

Periventricular ) o )
Simultaneous presence of gadolinium-enhancing

>1 T2-hyperintense ] ] and non-enhancing lesions at any time
lesions characteristic Cortical/Juxtacortical

of MS in 2 2 of four
areas of the central Infratentorial A new T2-hyperintense and/or gadolinium-
nervous system: enhancing lesion on follow-up MRI, with
reference to a baseline scan, irrespective of the
timing of the baseline MRI

Spinal cord

Table 1: The 2017 McDonald Criteria for demonstration of DIS and DIT by MRI. Adapted from Thompson
et al.; The Lancet Neurology 2018 %2.



Relapsing-remitting multiple sclerosis (RRMS): a phenotype characterized by a
course consisting of flares and remissions (Figure 1), in patients where the
presence of DIS and DIT has proven to be established (Table 2)>'82122 The
immense majority of MS patients start with this variety (> 85%)31826

The development of relapse or exacerbation of MS is evidenced by the
appearance, reappearance or worsening of a symptom or neurological deficit
persisting for more than 24 hours, with or without recovery; preceded by
stability at least 1 month >1821.22.2527 Thjs event is commonly insidious, but fever
or strong evidence of infection should not be present, as both are considered
causes of "pseudo-exacerbations" that typically manifest as increasing
weakness, lethargy, or even obtundation??’,

Episodes of relapses or exacerbations are normally followed by variable periods
of stabilisation or recovery. Even so, it may be the case that certain patients
undergo some degree of persistent dysfunction during these periods, after acute
events, nevertheless, they remain functional'®?!. The duration of that period
between relapses may vary, however, these occur usually with a frequency
exceeding four weeks. In relapsing-remitting forms of MS, relapses generally
occur at a rate of less than one per year>*8,

Clinical presentation Additional data needed for MS diagnosis
> 2 clinical attacks and objective
clinical evidence of > 2 lesions, or;
> 2 clinical attacks and objective
clinical evidence of 1 lesion and clear- None
cut historical evidence of a prior attack
involving a lesion in a distinct anatomic
location
An additional clinical attack implicating a
DIS different CNS site
>2 clinical attacks and objective clinical !
. . demonstrated OR
evidence of 1 lesion by:
Demonstration of DIS by MRI
A second clinical attack.
DIT OR
Clinical attack and objecti linical !
imeal attack and objective ciNiC | yemonstrated | Demonstration of DIT by MRI?
evidence of 22 lesions
by: OR
Demonstration of CSF*-specific OCBs*
DIS A second clinical attack implicating a
! different CNS site
demonstrated
by OR
y: Demonstration of DIS by MRI?
AND
1 clinical attack and objective clinical A second clinical attack
evidence of 1 lesion DIS OR
demonstrated | Demonstration of DIT by MRI?
by: OR
Demonstration of CSF*-specific OCBs*

Table 2: The 2017 McDonald Criteria for diagnosis of multiple sclerosis in patients with an attack at the
onset. °The MRI criteria for DIS and DIT are described in table 1 *CSF = Cerebrospinal Fluid *OCBs=
Oligoclonal band. Adapted from Thompson et al.; The Lancet Neurology 2018%2.



RMSS

Relapse
I Active without worsening
I Worsening (incomplete recovery from relapse)
M stable without activity
A New MRI activity

s

[ S & S i | 1

Time

Disability

Figure 1: Disease course of RRMS. Adapted from the National Multiple Sclerosis Society?®.

From a strictly clinical perspective, "progression" denotes neurological deterioration
with increased physical and cognitive dysfunction 821, It is traditionally considered by
clinical trials as a worsening of 0.5 points according to EDSS (Kurtzke's Expanded
Disability Scale Score 28) and persisting for a minimum of 6 months?°.

Likewise, two other clinical phenotypes are equally well defined within the entity of
progressive MS??,

e Primary progressive MS (PPMS): progression is expected to occur from the
onset of the clinical course, maintaining its great distinctiveness from secondarily
progressive MS in the absence of relapses before the onset of progression (Table
3). Consequently, the clinical course is characterised by developing over a period
of at least one year from the onset of progression; with no evidence of either
period of remission/improvement or relapse.

Individual patient progression differs from one patient to the other throughout
the clinical course and it is possible the occurrence of overlapping relapses as
well as periods of relative stability of the disease (Figure 2) 18212225
Approximately 15% of MS patients undergo this clinical phenotype1822.26,

Primary progressive MS may be diagnosed in patients with:

One year of disability progression (retrospectively or prospectively determined)
independent of clinical relapse

>1 T2-hyperintense lesions in 21 areas in the brain characteristic of MS

(periventricular, cortical/juxtacortical or infratentorial)

Plus 2 out of 3 of the

; . 22 T2-hyperintense lesions in the spinal cor
following criteria: yperintense lesions esp ord

Presence of CSF-specific OCBs

Table 3: The 2017 McDonald Criteria for diagnosis of MS in patients with a disease course characterized
by progression from onset (primary progressive MS). Adapted from Thompson et al.; The Lancet Neurology
2018%,



PPMS

I Active (relapse or new MRI activity) with progression
Ml Not active without progression (stable)
Not active with progression
[ Active without progression
f New MRI activity

Disability

1 | |

Time

Figure 2: Disease course of PPMS. Adapted from the National Multiple Sclerosis Society?®.

Secondary progressive MS (SPMS): in this particular case, it is a retrospective
diagnosis, due to the fact that it is characterised by the onset of progression,
after an initial stage included in the MS with relapses phenotype (Figure 3)2%,

The clinical course tends to be gradual and insidious, and progression to this
phenotype spontaneously occurs in the majority of patients included in the
RRMS clinical phenotype as a result of the absence of therapeutic intervention.
Although duration time to the progressive phase is variable, research data
suggest a median of approximately 10-20 years after RRMS onset for the
conversion to the SPMS clinical phenotype for untreated patients (with a really
wide range of about 50 years)83031,

Moreover, data based on a cohort of patients who had not received treatment
suggest that conversion to this clinical phenotype occurs in up to one-third of
untreated patients within the first 8-10 years3%32,

SPMS

RRMS

I Active (relapse or MRI activity) with progression
Active (relapse or MRI activity) without progression
Not active with progression

[l Not active without progression (stable)

f New MRI activity

—

Disability

| Tt

Time

Figure 3: Disease course of SPMS. Adapted from the National Multiple Sclerosis Society?®.




3.4. Classification of clinical phenotypes by diseases” activity,
progression and worsening.

However, the latest re-evaluation of the MS clinical phenotypes (Lublin et al., Neurology
2014), establishes not only this major division between relapsing and progressive forms;
but also considers the clinical and magnetic resonance imaging (MRI) activity of the
disease. Hence, as Appendix 1 shows, within the different clinical phenotypes, active
and non-active forms can be differentiated??.

Clinical activity of the disease appears defined as relapses; whereas MRI activity, as it is
described later, is defined by the detection of new enhanced lesions after gadolinium
administration and/or enlarged T2 lesions. Regardless of which kind of activity is
present, they are considered a potential disease modifier in any of the clinical
phenotypes. In addition, other classifications are reflected in Appendix 1. The
progressive phenotypes can be further characterized as with progression or without
progression, and the RRMS phenotype can be further characterized as worsening or
stable!®21,

3.5. MRI findings

Once the clinical features of the disease have been described, the focus is placed on
defining the typical characteristics of the lesions detected by MRI.

Since 2000, MRI has been the key diagnostic test when patients present a clinical
episode suggestive of MS, and the most recent review of the McDonald diagnostic
criteria for MS (Thompson et all., The Lancet Neurology 2018) allows for MS diagnosis
with a single scan??3,

Inflammatory demyelination is easily visible on MRI. Therefore, the typical plaques that
characterize multiple sclerosis are easily recognizable on MRI. Currently, MRI sensitivity
for identifying these demyelinating lesions is situated around 95% for those patients
with clinically definite MS34.

As a consequence of this high sensitivity, MRl has become the most important
paraclinical diagnostic tool for the diagnosis of the disease. Moreover, the appearance
of new lesions is more frequent than new clinical relapses, so MRI is not only
indispensable for the diagnosis of the disease, but also as a prognostic marker at the
earliest stages of the disorder. In addition, the emergence of new immunomodulatory
therapies for MS treatment provides MRI a new relevance for monitoring the response
and efficacy of these therapies3+1,

Furthermore, MRI findings that are consistent with multiple sclerosis have been
observed in healthy people who underwent scanning for other purposes (for example a
headache), referring to this situation as a radiologically isolated syndrome (RIS). RIS is
not included in the latest re-evaluation of the MS clinical phenotypes (Lublin et al.,
Neurology 2014) as a phenotype of MS because the imaging findings alone are
nonspecific, as later explained. However, research data suggests that MS develops in a
meaningful number of patients with RIS; for which reason RIS patients with no obvious
clinical signs or symptoms suggestive of MS should be followed prospectively?%374243,



3.5.1. T2-weighted sequences

MS plaques, whichever the evolutionary phase, generally behave hyperintense in both
proton density-weighted (PD) and T2-weighted (T2, T2-FLAIR or similar) sequences,
which is a very non-specific sign?>#4. This hyperintensity translates an increase in the
titular free water concentration. However, it is not possible to discriminate the
contribution of oedema, demyelination, inflammation, axonal injury, gliosis or
remyelination in the composition of the plaques. Consequently, the weak correlation
between the mean lesion volume in T2-weighted sequences and the degree of
neurological disability of the patient is partially explained?34>4¢,

Lesions detectable on T2-weighted sequences used to be numerous, small in size (at
least 3 mm, and mostly smaller than 25 mm), with nodular morphology (Figure
4)62344,4647 - Although most lesions are of this size, a confluence of them may occur,
resulting in lesions with irregular borders showing the characteristic "ridge-like" outer
margin (especially if they are located periventricular)?3484°,

In addition, although lesions could appear in any CNS region, the anatomical distribution
of MS plaques is also characteristic, as they tend to develop in specific white matter
areas such the periventricular white matter (especially the posterior one) and
juxtacortical white matter, the corpus callosum, the infratentorial parenchyma
(especially the pons and the cerebellum) and the spinal cord (preferentially the cervical
segment)5'23'44'49.

At least one ovoid plaque with its major axis perpendicular to the anteroposterior axis
of the cerebral hemispheres is defined in approximately 60-63% of MS patients. This
particular arrangement is explained by the predisposition of the plaques to develop
around the venules of the white matter surrounding the lateral ventricles, which trace
a perpendicular trajectory to the ependymal surfaces. These ovoid plaques are defined
as periventricular lesions and result in the radiological sign usually described as
"Dawson's fingers" (Figure 4)222337,38,40,44,49,50

Figure 4: (A) Nodular morphology plaques on T2-weighted and proton-density sequences. (B) Ovoid
morphology plaques, radiologically described as “Dawson’s fingers” (arrows); in T2-weighted sequence.
Images provided by the image bank of the monographic MS consultation at the Marqués de Valdecilla
University Hospital.



In particular, focal lesions predominantly located in the white matter surrounding the
body and temporal horn of the lateral ventricles (periventricular lesions), are specific
radiological discoveries, at least, in the early stages of the disease (Figure 5)%3. This
feature, initially, would facilitate to establish a differential diagnosis with other entities
that usually diffusely affect the anterior white matter of the temporal lobes; such as
congenital cytomegalovirus (CMV) infection and the inherited small vessel
cerebrovascular disease called Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CADASIL)%+>152,

Corpus callosum lesions are located preferably on its subependymal surface (lower
margin) or its periphery, adopting a radial arrangement, perpendicular to the third
ventricular wall (Figure 5)?223404450 FEor this reason, these lesions are classified as
periventricular by the review of the McDonald diagnostic criteria for MS carried out in
2017%2. These lesions constitute a rare finding in non-MS processes, such as small vessel
cerebrovascular disease due to corpus callosum resistance to ischemia**>°. Therefore,
it is considered a sensitive and specific marker of early-stage disease, presenting in up
to 50% of patients®°.

Juxtacortical lesions are predisposed to locate in intimate contact with the cerebral
cortex, affecting the U-shaped fibers of the white matter adjacent to cortical grey
matter; especially in the frontal and temporal lobes, but they could be located in all
brain lobes and the cerebellum (Figure 5)?223374044  Approximately half of the patients
with clinically defined MS have at least one isolated U-fiber lesion, so they are also
considered a specific marker for the initial diagnosis of the disease.

Figure 5: (A) Anterior temporal periventricular lesion on T2-weighted sequence. (B) Corpus callosum lesions
predominantly affecting the subependymal surface on T2-Flair sequence. (C) Left frontal lobe juxtacortical
lesion (arrow) affecting U-fibers on T2-Flair sequence. Images provided by the image bank of the
monographic MS consultation at the Marqués de Valdecilla University Hospital.

Lesions typically described by clinical surveys as subcortical maintain their main
difference from juxtacortical lesions by the fact that, although they are located in the
cerebral hemispheric white matter, contact is not made with the cortex, nor with the
ventricular surfaces, as opposed to the periventricular lesions.
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Infratentorial lesions tend to locate in the cerebellum, especially in middle cerebellar
peduncles and in the periphery of the pons (brainstem) (Figure 6). These lesions usually
appear close to the surface 2223374448 Regarding lesions of the pons, most lesions are
contiguous with the cisterns or include the floor of the fourth ventricle, the pontine
surface or the pontine trigeminal root entry zone; myelin-rich regions. This special
peripheral distribution of MS pons lesions distinguishes them, at first instance, from
ischemic changes associated with small vessel cerebrovascular disease, because lesions
of the latter commonly involve the central region of the pons as they correspond to a
vascular border zone, supplied by different penetrating arteries*48,

Figure 6: Infratentorial lesions, on T2-Flair sequences, located in the middle cerebellar peduncles (arrow in
A), the periphery of the pons (arrow in B) and the floor of the IV ventricle (arrow in C). Images provided by
the image bank of the monographic MS consultation at the Marqués de Valdecilla University Hospital.

On the other hand, although MS is a disease that shows a special predilection for the
white matter, cortical lesions are occasionally described, thus reaching the grey matter
(5-6% of lesions). However, their detection by classical T2-weighted sequences is
difficult due to their small size and poor differentiation between the cerebrospinal fluid
(CSF) of the cerebral convexity sulci®?223440,

At last, emphasize that research data objectified that the double inversion recovery
(DIR) sequence improves the contrast of cortico-juxtacortical and infratentorial lesions
(Figure 7); thereby increasing the sensitivity for their detection, in contrast with classical
T2 weighted sequences?®°0°3,

Figure 7: (A) Juxtacortical and infratentorial lesions detected in FLAIR sequences and (B) in DIR sequences
(on the right). Note the higher sensitivity of the latter for the detection of these lesions (arrows). Images
provided by the image bank of the monographic MS consultation at the Marqués de Valdecilla University
Hospital.
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3.5.2. Tl-weighted sequences

Approximately 10-20% of MS plaques that appear hyperintense in T2-weighted, in T1-
weighted sequences are hypointense®2341,

It is important to underline that T1-weighted sequences together with the
administration of intravenous paramagnetic contrast (gadolinium-containing
compounds) enable the selective identification of lesions with inflammatory activity
(Figure 5)21234430 This contrast enhancement is a constant radiological sign in actively
demyelinating lesions during the initial phase of development (at least in recurrent
forms), as during inflammation there is an increase in the permeability of the blood-
brain barrier, leading to enhancement of the lesion, which typically lasts for 2-6 weeks.
Thus, the absence of enhancement after contrast administration suggests non-active
disease?2344 As shown in Table 1, the existence of contrast-enhancing and non-
enhancing lesions in the same MRI study is sufficient to demonstrate DIT?2.

Therefore, regarding those plaques that are hypointense in T1-weighted sequences pre-
contrast administration and hyperintense in T2-weighted sequences; whether they are
active lesions, they display enhancement after contrast administration, and that
hypointensity is the result of an oedematous component due to the inflammatory
process; whereas in the case of chronic lesions, they do not show enhancement after
said administration, and that hypointensity has been reported to be associated with
areas of greatest myelin loss. The latter has been described as “black holes” but in
addition to corresponding to a hypertensive lesion on T2-weighted sequences, a
minimum of 6 months of persistence is necessary to be described as it 374046,

Various enhancement patterns can be found, and although most enhancing lesions tend
to show a nodular enhancement pattern*°%>*; incomplete ring enhancement is very
specific to demyelinating lesions (Figure 8)?>**. The peripheral lesion area where no
enhancement is found would coincide with the margin that abuts ventricles or grey
matter, where the degree of inflammatory reaction is weaker®*.

Figure 8: Gadolinium enhancement patterns of active lesions. T1-weighted images after gadolinium
administration of gadolinium in three patients with active lesions. Inflammatory activity lesions may show
nodular gadolinium enhancement (arrow in A), complete ring (arrow in B), and incomplete ring (arrow in
C). Images provided by the image bank of the monographic MS consultation at the Marqués de Valdecilla
University Hospital.
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3.6. Other complementary explorations
3.6.1. Cerebrospinal fluid (CSF) examination

Although CSF examination has been de-emphasized in successive iterations of the
McDonald Criteria, the latest revision of the 2017 MacDonald diagnostic criteria
reinforces the role of CSF examination in the diagnosis of MS by including it within the
criteria as a valuable test to substitute the need to satisfy the DIT criteria in certain
clinical situations (Table 2)?2.

Under normal conditions, the immunoglobulin G (IgG) present in CSF is mainly derived
from passive diffusion from plasma. Increased intrathecal synthesis of IgG is evidence of
an altered immunological and inflammatory process in the CNS>°. Although not specific
to MS, the increased SIT is present in a high percentage of MS patients (almost 95%) and
consequently; supports the diagnosis. Increased intrathecal synthesis of IgG can be
measured qualitatively by the presence of oligoclonal bands (OCBs). Qualitative
demonstration of two or more CSF-specific OCBs more reliably indicates intrathecal
antibody synthesis than other tests, such as the IgG Index (quantitative measure).
Importantly, analysis of paired CSF and serum samples is essential to confirm that OCBs
are unique to CSF?2->>758,

Finally, it should be considered that different CSF findings suggest diseases differing
from MS, for instance significantly elevated proteins (>100 mg/dL); pleocytosis with >50
cells/mm3; or the presence of neutrophils, eosinophils or atypical cells?>°8,

3.6.2. Neurophysiological studies

The study of multimodal evoked potentials (MEPs) is another useful tool in the diagnosis
and monitoring of MS. They have diagnostic and prognostic value in the detection of
formed plaques and the recording of "silent" changes in the sensory pathways>®°°.

Research data suggest that the visual evoked potentials (VEPs) demonstrated the
highest degree of abnormal findings, followed by somatosensory evoked potentials
(SSEPs)*°. Particularly useful are visual evoked potentials because they can be more
sensible than MRI for manifesting lesions of the optical nerve®. In addition, some
studies have shown the utility of electroretinography (ERG) in combination with VEPs
for detecting optical nervous pathway abnormalities®-63,

The latest review of the MacDonald criteria conducted in 2017, considered that data
regarding the diagnostic sensitivity and specificity of MRI or VEPs, to demonstrate optic
nerve lesions in patients without a clear history or clinical evidence of optic neuritis,
were insufficient to support their incorporation into the criteria at that time. The high
need for further studies to validate such tests in fulfilling DIS or DIT in support of the
diagnosis of MS was recognized and identified as a high priority?2.
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3.7. Disease-modifying therapies (DMTs)

Evidence over the years has shown how the clinical course of MS, mainly manifested by
a gradual progression of functional and cognitive deterioration, is susceptible to
modification if the disease is diagnosed and treated in its early stages'®31.6465,

Over the past decades, several DMTs have become available to decrease relapse
frequency, reduce disability and restrict focal white matter lesion accumulation on MRI.
Nevertheless, regrettably, nowadays no drug either completely prevents or reverses the
progressive neurological deterioration, characterized mainly by impaired ambulation,
loss of bladder control and slowing of cognitive processing 1-11:27,39,65,66

3.8. Defining Pseudotumoral lesions

In this research, we focus on pseudotumoral demyelinating lesions (also called
“tumefactive demyelinating lesions”) in MS patients. These lesions have been
considered an atypical manifestation of CNS demyelination®”-%°. Due to the possibility
of mistaking the lesions for neoplasia, which often leads to the inevitable morbidity of
subjecting patients to brain biopsies or other procedures, as well as delaying
appropriate treatment; the lesions are termed "pseudotumoral"®®.

Pseudotumoral demyelinating lesions are infrequent but not exceptional in MS patients,
even as the initial event of the disease with a prevalence in the range of 1.4-8.2% of
multiple sclerosis patients’%’!but they have been poorly investigated, and thus; usually
constitute a diagnostic challenge, especially if it presents as the first clinical disease’s
manifestation®®72, Moreover, pseudotumoral cases of MS have been described more
frequently in female patients, particularly in the third and fourth decades of life®7173,

Regarding neuroradiological features, they are usually large, show an atypical
enhancement pattern, and could be associated with mass effect, and/or perilesional
oedema®”%873; which means they are commonly misinterpreted as due to a non-
demyelinating cause, for example, a primary tumor of the CNS®%,

The usual definition of a pseudotumoral demyelinating lesion is a solitary large T2-
weighted MRI ‘margin to margin’ size of 2 cm or more (Figure 9)°%%873-76 The basis for
a greater than 2 cm cut-off is based on cases, which came to brain biopsy, and so has
real-world implications in that larger lesions are more likely to be biopsied. Evidence
suggests that larger lesions generate more worries about the possibility of neoplasm,
and lesions of up to 12 cm have been described®®.

Although pseudotumoral demyelinating lesions could appear anywhere within CNS,
they are mainly located in the cerebral hemispheres, especially in frontal and parietal
lobes; in subcortical and periventricular regions3”%%72, If active, they generally show an
incomplete ring contrast enhancement pattern with the open part of the ring mostly
towards either the deep or superficial grey matter (Figure 10)23°0.69.72,
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Figure 9: Pseudotumoral lesion with periventricular location, detected on T2-Flair sequence. Images
provided by the image bank of the monographic MS consultation at the Marqués de Valdecilla University
Hospital.

It has been suggested that approximately 70% of patients with pseudotumoral lesions
fulfil the McDonald criteria at follow-up (median time to second attack: 4.8 years)’3.
However, concerning the evolution of the lesions on MRI, the usual reduction in size
during MRI follow-up has been described”’.

Depending on the location and size of the lesion, clinical presentations are variable and
include motor and sensory deficits, headache, cognitive abnormalities, visual disorders
(hemianopia instead of optic neuritis), cerebellar and brainstem symptoms, mental
confusion, if there is temporal regions involvement; impairment of symbolic functions
(apraxia, aphasia, agnosia) if frontal regions are affected, and/or epileptic seizures if the
cortex is involved®®%%7273  However, hemiparesis had been suggested as the most
frequent symptom described®. Consequently, symptomatic lesions present subacutely
as any other mass lesion. Nevertheless, some lesions may be asymptomatic and
detected as incidental findings on MRI scans performed for other medical reasons®®.

Figure 10: Pseudotumoral lesion detected on TI1-weighted sequences after intravenous contrast
administration, showing an incomplete ring-like enhancement pattern. Images provided by the image
bank of the monographic MS consultation at the Marqués de Valdecilla University Hospital.
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The great challenge of pseudotumoral demyelinating lesions, especially if the patient
has not been diagnosed with MS previously, is the diagnosis. Differential diagnosis of
these lesions includes brain neoplasms, abscesses and other CNS infections and
infarction (Table 4)%72,

Differential diagnoses of cerebral

I . Examples
pseudotumoral demyelinating lesion P

High-grade and low-grade astrocytomas
Oligodendroglioma

Metastases

CNS lymphoma

Abscess — bacterial, fungal
Tuberculoma

Cryptococcoma

Toxoplasmosis

HIV

Progressive multifocal leukoencephalopathy (PML)
Behcet’s disease

Connective tissue disease Systemic lupus erythematosus
Sjogren’s syndrome

Neoplasm

Infection

Drug-induced Tacrolimus
Paraneoplasic Gem cell cancer
Granulomatous disease Sarcoidosis

Amyloidosis Cerebral amyloid angiopathy/amyloidoma
Infarction
Cerebral vasculitis (primary or secondary)

Vasculopathy Posterior reversible encephalopathy syndrome (PRES)
Genetic — retinal vasculopathy with cerebral

leukoencephalopathy and systemic manifestations
(RVCL-S) because of TREX1 mutations

Table 4: Differential diagnoses of the cerebral pseudotumoral demyelinating lesion. Adapted from Todd A.
Hardy; Current Opinion in Neurology 20198,

Diagnosis is helped by examining the CSF and the neuroradiological findings, but a brain
biopsy is occasionally needed to reveal the real nature of the lesion®7278, |n addition,
the presence of other smaller lesions with typical features of MS plaques may be
suggestive of the diagnosis®>.

The CSF examination is often problematic because the presence of an intracerebral mass
can imply some risks during the procedure. The presence of intrathecal synthesis of
immunoglobulins gives strong evidence for the diagnosis of MS, but this can also be
observed in other diseases such as ADEM (Acute disseminates encephalomyelitis)’2.

Furthermore, given the low frequency of pseudotumoral MS forms, there are no studies
that describe a large series and data about long-term prognosis or response to
treatment are scarce.

We will discuss the demographic criteria, clinical findings, diagnosis approach,
treatment and outcome of patients with pseudotumoral demyelinating lesions
diagnosed with MS in the Hospital Universitario Marqués de Valdecilla and compare our
findings with those published by other investigators.
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4. Hypothesis

Current literary descriptions of pseudotumoral lesions as a form of MS presentation at
the onset of the disease, are limited. MRI detection of these lesions is a real clinical
challenge in terms of differential diagnosis, especially if they are detected at the same
time as the first clinical episode of the disease.

The knowledge of the demographic data, main clinical findings, diagnosis approach,
treatment received and outcome of patients with pseudotumoral demyelinating lesions
may contribute to a better understanding of these forms of MS.

5. Objectives

Main objective:

To describe the characteristics of patients who develop pseudotumoral lesions as the
initial manifestation of MS.

Secondary objectives:

e To describe the clinical features which most frequently appear in the first
symptomatic episodes, conditioned by the presence of demyelinating
pseudotumoral lesions.

e To collect other socio-demographic, analytic and complementary tests data that
could lead to an increased risk of developing a pseudotumoral lesion as a form

of presentation of multiple sclerosis.

e To report the radiological features of the demyelinating pseudotumoral lesions
observed by the MRI studies.

e To evaluate the clinical and radiological evolution of patients over time.
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6. Methodology

Our study was based on an exhaustive search through the MS database of the Neurology
Department of the Marqués de Valdecilla University Hospital (Santander, Cantabria).
Accordingly, cases of MS with radiological pseudotumoral behaviour were selected, with
no temporal limit, finding the oldest case selected in 1996. The inclusion criteria applied
were:

[1] Patients aged 18 years or older.
[2] MS diagnosis according to 2017 reviewed McDonald criteria??.

[3] Detection of pseudotumoral brain lesions on MRI during the study of the first clinical
flare suggestive of multiple sclerosis. Pseudotumoral lesions were defined as focal
demyelinating lesions with a minimum diameter of 2 cm?3,

On the other hand, patients with pseudotumoral lesions on MRI but a final diagnosis
different from MS were excluded.

A retrospective collection of data of patients that full-field these criteria were carried
out from the MS outpatient in the Neurology Department of the Marqués de Valdecilla
University Hospital.

The individual study of each patient required the systematic evaluation of different
variables in a wide range of fields such as demography, clinical, analytical studies,
radiology and other complementary studies.

Several demographic variables were systematically assessed for each patient including
gender, age at the time of the study, cardiovascular risk factors such as hypertension,
dyslipidemia, diabetes mellitus and obesity (considered as the detection of a BMI (body
mass index) greater than or equal than 307°); exposure to smoking, personal history of
autoimmune diseases, and another relevant personal history. In addition, family history
of interest for our study was compiled, such as the family history of neurological
diseases and multiple sclerosis, including for the latter, the degree of kindship if such
family history was present.

Likewise, the clinical variables included in our study concerning the first clinical episode
suggestive of multiple sclerosis were: age of symptoms onset, initial clinical presentation
(it was assessed as dichotomous qualitative variables the presence or absence of visual
deficit, sensory deficit, motor deficit, cerebellar symptoms, brainstem symptoms, spinal
cord symptoms, ataxia, aphasia, apraxia, agnosia, cognitive impairment, headache and
epileptic seizures) and the disability experienced during the clinical episode, which was
measured using the Expanded Disability Status Scale (EDSS) score 28. Furthermore, it was
also analysed the necessity or not hospital admission during the first clinical flare, the
number of days of hospital admission, whether this was necessary; and the clinical
outcome from the flare (it was tested during the subsequent clinical appointment after
the clinical episode and recorded as a dichotomous qualitative variable: partial recovery
or complete recovery).
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To conclude with the clinical variables related to the first clinical episode suggestive of
multiple sclerosis, it was necessary to examine the need for treatment during that
episode. Thus, the following variables were included: steroid treatment or not, the dose
administered, the number of days of treatment, and the need or not to initiate disease
modulating therapy (DMT) during that first episode.

However, it was also regarded as relevant to evaluate different analytical parameters
gathered during the evaluation of that first clinical episode. Therefore, the analytical
variables under study were: vitamin D levels (measured in nanograms/millilitre (ng/ml));
HLA alleles of the DRB1 locus, total cholesterol and LDL-cholesterol levels (measured in
milligrams/decilitre (mg/dl)), the absolute number of lymphocytes (expressed as cells x
103/ microlitre (cells x 103/ul)), absolute levels of CD4 and CD8 lymphocytes (measured
in cells/ul) CD4/CDS8 ratio, C-Reactive Protein levels (measured in mg/dl); Glomerular
Sedimentation Rate levels (measured in millimetres/hour (mm/h)); complement C3 and
C4 levels (measured in mg/dl) and TSH levels (measured in international units/litre
(muU/l).

In addition, as microbiological variables; serologies for hepatitis C (VHC), hepatitis B,
Epstein-Barr virus (EBV), Brucella, Varicella Zoster virus (VVZ), Cytomegalovirus (CMV),
Herpes virus, John Cunningham virus (JC virus), Rubella, Sarampion, Treponema
pallidum and Mycoplasma Pneumoniae; were recorded.

As a consequence of the study, there was a need to study radiological variables,
obtained by reviewing the MRI scans performed on the patients during the study of the
first clinical flare. It was verified that the MRI scans in all cases were performed under
the usual conditions of clinical practice, including at least axial and sagittal planes in T1-
weighted, T2-weighted, FLAIR and T1-weighted sequences after the administration of
gadolinium.

MRI findings recorded were evaluated by a neuroradiologist and included: the number
of pseudotumoral lesions (PLs), largest diameter (measured in millimetres (mm)), lesion
area (measured in cubic centimetres (cm?)), lesion location (expressed as a qualitative
polytomous variable: periventricular, juxtacortical, subcortical, infratentorial or
medullary), enhancement after intravenous contrast (gadolinium) administration of that
lesions, recording the contrast uptake pattern as a polytomous qualitative variable:
nodular pattern, ring-like pattern or diffuse pattern; and in case the pattern was ring-
like, collecting whether it was a complete or incomplete pattern°,

A nodular pattern is characterized by a solid punctiform contrast uptake, whereas a
diffuse one consists of heterogeneous and irregular contrast uptake and a ring-like one
refers to a peripheral contrast uptake, which may be complete or incomplete®°,

Also, the presence or absence of bilaterality related to pseudotumoral lesions is
recorded, as well as whether that lesions condition expansiveness or mass effect. For
those cases where more than one lesion with a radiological pseudotumoral behaviour
was identified, this list of variables was collected for the largest lesion.
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Nevertheless, it was not only important to acquire MRI data about pseudotumoral
lesions, but also radiological variables describing non-pseudotumoral lesions or typical
demyelinating lesions of multiple sclerosis.

To this aim, the following variables were assessed: the total number of non-
pseudotumoral lesions (expressed as a quantitative variable categorized by intervals:
less than 10 lesions, 10-50 lesions and more than 50 lesions), localization and presence
or absence of enhancement after contrast administration of these lesions, including
both the number of enhancing lesions and their pattern of enhancement.

Moreover, variables concerning the request for other complementary tests during the
study of this first clinical episode, such as lumbar puncture and cerebrospinal fluid study,
brain biopsy and neurophysiological studies, were described.

Finally, it was considered essential to assess the clinical and radiological evolution of
patients over time, after that first clinical episode. For this purpose, the following clinical
variables were selected: time of evolution from the first outbreak to the last review,
recorded in months; occurrence of relapses during that time, number of relapses,
diagnosis of MS and clinical phenotype; establishment of disease-modulating treatment,
collecting the name of the drug administered, and disability present at the last clinical
review (it was measured with the Expanded Disability Status Scale (EDSS) score?®. The
development of a clinical relapse or exacerbation of MS is evidenced by the appearance,
reappearance or worsening of a symptom or neurological deficit persisting for more
than 24 hours and preceded by stability for at least 1 month >1&2%.25.27,

For the same purpose, radiological variables were studied through the last control MRI
performed, which were: the time elapsed from the first MRI until this last control one,
the disappearance of pseudotumoral lesions, volume's variation of these lesions
(expressed as a polytomous qualitative variable decrease, stability or increase), mass
effect or expansivity conditioned by these lesions, variation in the enhancement shown
by these lesions after intravenous contrast administration (expressed as a polytomous
qualitative variable: decrease, stability or increase), appearance of new pseudotumoral
lesions, recording both the number of these and if there is the enhancement of these
lesions after intravenous contrast administration, in the case of the appearance of new
lesions of this type. Furthermore, the location of new pseudotumoral lesions is recorded
if they showed enhancement after intravenous contrast administration. In addition, the
evolution of non-pseudotumoral lesions was also evaluated.

Statistical analysis

All data extracted from the database were analysed statistically. Incomplete data due
to lack of reference in the clinical history were excluded. A descriptive analysis of the
variables studied was performed. It was considered statistically significant if p<0.05.
The SPSS software was used to perform the statistical analysis.
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7. Results
7.1. Demographic data

Among the 450 patients registered in the database of the outpatient multiple sclerosis
clinic of HUMV, 14 patients (3.11%) fulfilled all inclusion criteria and were included in
our study. Of the 14 patients included, 6 patients (42.9%) were female and 8 patients
(57.1%) were male.

Examining the first clinical episode suggestive of multiple sclerosis, the mean age at this
onset episode was 33.64 (standard deviation (SD) + 9.572 years); with a range of ages
from 24 to 48 years.

Regarding cardiovascular risk factors, arterial hypertension (AHT), diabetes mellitus
(DM), dyslipidemia (DLP) and obesity (BMI>30) were studied. Only 1 patient was
hypertensive (7.1%), 4 patients were dyslipidemic (28.6%) and 3 patients presented a
BMI higher than 30 (21.4%). Accordingly, no patients with diabetes mellitus were
reported in the investigation (Table 5).

In addition, exposure to tobacco as a toxic habit was assessed, revealing that the
majority of our patients were exposed to this habit (10 patients, 71.4%). The non-
smoking group accounted for only 4 patients (28.6%) (Table 5).

Stratification by gender
Cardiovascular risk
factors and exposure | Frequency | Percent Female Male
to tobacco
Frequency Percent Frequency Percent
Yes 10 71.4% 4 66.7% 6 75.0%
Tobbaco
No 4 28.6% 2 33.3% 2 25.0%
Yes 1 7.1% 0 0.0% 1 12.5%
AHT
No 13 92.9% 6 100% 7 87.5%
Yes 4 28.6% 2 33.3% 2 25.0%
DLP
No 10 71.4% 4 66.7% 6 75.0%
Yes 0 0% 0 0.0% 0 0.0%
DM
No 14 100% 6 100% 8 100%
Yes 3 21.4% 2 33.3% 1 12.5%
BMI > 30
No 11 78.6% 4 66.7% 7 87.5%

Table 5: Description of the variables referring to cardiovascular risk factors and exposure to tobacco, and
the corresponding stratification by gender for each of them.

Furthermore, no statistically significant differences were found for gender-stratified
analysis of cardiovascular risk factors and tobacco exposure (Figure 11).
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Figure 11: Representation of frequencies for the different cardiovascular risk factors and tobacco exposure,
stratified by gender. Note that the percentages above each bar refer to the group of male or female, in
each variable studied.

Concerning personal medical history, also the presence of autoimmune pathologies was
considered; however, none of the patients suffered from such disorders. Besides,
another relevant medical history from the patients' medical records was collected.
Among the 14 patients included in the study, such data were available for 12 patients.
Hence, regarding the latter, the most relevant were: 4 patients (33.33%) had migraines
with aura, 4 patients (33.33%) had anxious syndrome, 2 patients (16.67% patients) had
depressive syndrome, and 2 patients (16.67%) tension-type headaches. Others, such as
tics, fibromyalgia, history of acute meningitis, herniated disc, arachnoid cysts or sleep
apnoea-hypopnoea syndrome, were described in just a single patient (8.33%).

Furthermore, the identification of a family history of neurological diseases was
considered relevant for our analysis. This kind of information was recorded for 12
patients (85.7%). Within the latter, 7 patients (58.3%) provided a family history of
neurological diseases, while 5 patients lacked such a history (41.7%). Regarding the
family history of neurological diseases found; MS was present in 2 patients (28.6%),
although neither case involved a first-degree relative. Other family histories of
neurological diseases described were: cerebrovascular accident (CVA), Alzheimer's
disease, migraine and brain tumor (Table 6).

Family history of Frequency | Percent Valid Neu::ological Frequency Valid
Neurological Diseases Percent Disease Percent
MS 2 28.6%
CVA 2 28.6%
Yes 2 50.0% 58.3% Alzheimer 1 14.3%
Valid Migraines 1 14.3%
Brain tumor 1 14.3%
Total 7 100%
No 5 35.7% 41.7%
Total 12 85.7% 100%
Missing No data 2 14.3%
Total 14 100%

Table 6: Description of the variable referring to family history of neurological diseases presented by our
patients.
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7.2. Patients characteristics

Initial symptoms Frequency Percent
Yes 10 71.4%
Motor deficit No 4 28.6%
Total 14 100%
Yes 10 71.4%
Sensory deficit No 4 28.6%
Total 14 100%
Yes 1 7.1%
Visual deficit No 13 92.9%
Total 14 100%
Yes 0 0%
Spinal Cord deficit No 14 100%
Total 14 100%
Yes 7 50%
Cerebellar symptoms No 7 50%
Total 14 100%
Yes 7 50%
Brain stem symptoms No 7 50%
Total 14 100%
Yes 4 28.6%
Headaches No 10 71.4%
Total 14 100%
Yes 3 21.4%
Ataxia No 11 78.6%
Total 14 100%
Yes 1 7.1%
Aphasia No 13 92.9%
Total 14 100%
Yes 0 0%
Apraxia No 14 100%
Total 14 100%
Yes 0 0%
Agnosia No 14 100%
Total 14 100%T
Yes 0 0%
Epileptic Seizures No 14 100%
Total 14 100%
Yes 0 0%
Cognitive deficit No 14 100%
Total 14 100%

Table 7: Description of variables referring to the type of initial symptoms presented by our patients during
the first clinical episode suggestive of multiple sclerosis.
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Regarding the type of initial symptoms presented by the patients studied, both motor
and sensory deficits were the most frequent symptoms, being described in 10 patients
(71.4%). As table 3 shows, other neurological manifestations reported in some patients
were: cerebellar symptoms (7 patients, 50%), brain stem symptoms (7 patients, 50%),
headaches (4 patients, 28.6%), ataxia (3 patients, 21.4%), aphasia (1 patient, 7.1%) and
visual deficit (1 patient, 7.1%). Other neurological symptoms such as spinal cord deficits,
cognitive deficits, apraxia, agnosia, or epileptic seizures were not identified in any
patient (Table 7).

The disability experienced by patients during this first clinical episode was assessed
using the EDSS. The scores compiled for the patients included in our research ranged
from 1.5 points to 6 points, resulting in a median of 3 points.

7.3. Hospitalization and acute treatment

During this first clinical episode, 12 patients (85.7%) required hospital admission, with a
mean length of admission of 8.75 + 4.472 days. All patients who required hospital
admission received steroid treatment. Also, one of the patients who did not require
hospital admission received that treatment. Accordingly, 13 of the 14 patients (92.8%)
included in our study require this treatment. In all cases, the drug administered was
methylprednisolone, with a median dose of 1 gram per intravenous bolus (only a single
patient out of these 13 patients; received a dose of 0.5 grams per intravenous bolus).
The number of days treatment was provided, the data ranged from 3 to 7 days, with a
mean of 4.54 + 1.198 days. Instead, disease-modifying therapy (DMT) was not initiated
in any of the patients during the clinical evaluation and management of this first clinical
episode suggestive of MS.

Otherwise, on the first control appointment after that first clinical episode, partial
recovery was observed in 9 patients (64.3%); whereas complete recovery was observed
in 5 patients (35.7%).

7.4. Neuroimaging data
7.4.1. Pseudotumoral lesions data

Each of the 14 patients assessed underwent MRI in during this first clinical episode, and
in every case, lesions with pseudotumoral radiological behaviour were identified. For
most of them (12 patients, 85.71%), just one lesion with these characteristics were
identified. In the remaining 2 patients (16.7%), 2 lesions of pseudotumoral
characteristics were detected. For the latter, the lesion with the largest dimension was
considered for the analysis.

Analysis of these lesions was carried out. Concerning their size, data revealed that their
ranged from 21.85 mm to 48 mm, giving a mean lesion diameter of 33.36 +6.527 mm;
and their area ranged from 4.97 cm? to 11 cm?; with a mean lesion area of 7.10 + 1,81

cm?.
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Pseudotumoral Lesions” Locations Frequency Percent
Infratentorial 2 14.3%
Periventricular 9 64.3%
Subcortical 2 14.3%
Juxtacortical 1 7.1%
Total 14 100%

Table 8: Description of the variable referring to the locations of pseudotumoral lesions detected on
patients studied.

For pseudotumoral lesions, several locations were described; being the periventricular
region the most frequent in our patients (Table 8, Figure 12).

Pseudotumoral Lesions’ Locations

Juxtacortical Infrantentorial

7.1% 14.3%

Subcortical
14.3%

Periventricular
64.3%

m Infrantentorial  m Periventricular Subcortical mJuxtacortical

Figure 12: Representation of the percentages relating to frequencies for the different pseudotumoral
lesions’ locations detected in our patients.

Although data were collected on the largest lesion for the two patients who presented
2 pseudotumoral lesions, it was examined whether the distribution of the lesions was
bilateral, which was only found in one of the patients.

All pseudotumoral lesions (16 in total, as two patients showed 2 lesions with these
characteristics) exhibited enhancement after intravenous administration of contrast
(gadolinium). However, the pattern of enhancement detected was different: in 10
patients (71.4%) a ring-like pattern of enhancement was observed, while in the
remaining 4 patients (28,6%) the pattern was nodular. Furthermore, in those patients
who presented a ring-like enhancement pattern of the pseudotumoral lesions, 6
patients (60%) manifested an incomplete ring-like pattern, while 4 patients (40%)
showed a complete ring-like pattern. In those cases where 2 pseudotumoral lesions
were detected, both showed the identical type of enhancement pattern.
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Finally, concerning pseudotumoral lesions, it became apparent that in 6 patients (42.9%)
these lesions triggered mass effect or expressiveness, compared to 8 patients (57.1%) in
whom this effect was absent.

7.4.2. Non-pseudotumoral lesions or typical MS plaques data

As well as pseudotumoral lesions were studied on MRI, data were simultaneously
recorded for non-pseudotumoral lesions or typical demyelinating lesions usually
described on MRI scans of MS patients. Classically, in clinical trials and clinical practice,
the number of these lesions is described by intervals.

Number of non:p seudotumoral Frequency Percent Valid percent
lesions

0 1 7.1% 7.7%

<10 3 21.4% 23.1%

Valid 10-50 7 50.0% 53.8%

>50 2 14.3% 15.4%

Total 13 92.9% 100%
Missing No data 1 7,1%
Total 14 100%

Table 9: Description of the variable referring to the number of non-pseudotumoral lesions detected in
patients included in our research.

At the moment of the first clinical event, 1 patient showed no lesions at all (7.7%), 3
patients exhibited less than 10 lesions (23.1%), 7 patients had 10 to 50 lesions(53.8%)
and 2 patients exceeded 50 lesions(15.4%). For one patient (7.7%), it was not possible
to record data on these lesions due to the unavailability of the MRI images because of
antiquity (Table 9, Figure 13).

Number of non-pseudotumoral lesions

50.0%
7
6
5 21.4%
)
S 4
S 14.3%
(on
o 3
frs 7.1% 7.1%
2
.= p=t
0
0 <10 10-50 >50 No data

Number of non-pseudotumoral lesions detected

Figure 13: Representation of frequencies for the number of non-pseudotumoral lesions detected by MRI.
Note that the number of that lesions was categorized by intervals (0 lesions, <10 lesions, 10-50 lesions and
>50 lesions).
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The different patients in our study for whom this data on non-pseudotumoral lesions
could be obtained (13 patients, 92.9%) showed varied locations for these lesions, as

expected (Table 10).

Non-pseudotumoral
Lesions’ locations

Juxtacortical

Periventricular

Subcortical

Infratentorial

Spinal cord

Optic Nerve

Table 10: Description of the variable referring to the locations of non-pseudotumoral lesions showed in

our patients.

Valid

Missing

Valid

Missing

Valid

Missing

Valid

Missing

Valid

Missing

Valid

Missing

Total

Total

Total

Total

Total

Total

Yes
No
Total

No data

Yes
No
Total

No data

Yes
No
Total

No data

Yes
No
Total

No data

Yes
No
Total

No data

Yes
No
Total

No data

Frequency

10
3
13
1
14
10
3
13
1
14

13

14

13
1
14
3
10
13
1
14
1
12
13
1
14

Percent

71.4%
21.4%
92.9%
7.1%
100%
71.4%
21.4%
92.9%
7.1&
100%
64.3%
28.6%
92.9%
7.1%
100%
42.8%
50%
92.9%
7.1%
100%
21.4%
71.4%
92.9%%
7.1%
100%
7.1%%
85.7%
92.9%%
7.1%
100%

Valid percent

76.9%
23.1%
100%

76.9%
23.1%
100%

69.2%
30.8%
100%

46.2%
53.8%
100%

23.1%
76.9%
100%

7.7%
92.3%




A total of 10 patients presented with juxtacortical lesions (76.9%), 10 patients with
periventricular lesions (76.9%), subcortical lesions were identified in 9 patients (69.2%),
6 patients had infratentorial lesions (46.2%), spinal cord lesions were identified in 3
patients (23.1%) and 1 patient showed lesions of the optic nerve (7.7%) (Figure 14).

Non-pseudotumoral Lesions” locations

92.3%

12

76.9% 76.9% 76.9%

10
69.2%

53.8%

46.2%

Frequency
o))

30.8%

23.1% 23.1% 23.1%

7.7%

Figure 14: Representation of frequencies for the different non-pseudotumoral lesions” locations described.
Note that the percentages above each bar refer to the group of patients for whom data were available (13
patients).

Furthermore, among those patients who showed these typical MS lesions, enhancement
of these was detected after administration of intravenous contrast (gadolinium) in 6
patients (42.6%), as opposed to 7 patients (53.8%) in whom this behaviour was not
observed. Each of the 6 patients who presented with such enhancement of these lesions
exhibited a nodular pattern of enhancement.

Additionally, the number of non-pseudotumoral lesions enhanced varied from 2 lesions
to 18 lesions, leaving a mean and median number of non-pseudotumoral enhanced
lesions of 5.33 +7.23 and 2 (Interquartile range (IQR) 2, 8) respectively.
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7.5. Analytical data

Analytical parameters were recorded and analysed in all cases. The main results for all
are detailed in table 11.

Analytical Parameters Mean SD Median IQR
Cholesterol (mg/dl) Valid 14 | 193.360 38.326 199.50 161.25, 218.00
LDL- cholesterol (mg/dl) valid | 14 | 119.140 | 32.607 122.00 | 100.00, 142.75
Absolute Number of
Lymphocytes Valid 14 1.805 0.719 1.65 1.43,1.80
(Lymphocytes x 103/ul)
Absolute Number of 615.00
Lymphocytes TCD4 valid | 11 | 926.090 | 413.381 970.00 N
1277.00
(Lymphocytes/ul)
Absolute Number of
Lymphocytes TCD8 valid | 11 | 452436 | 171.911 484.00 | 429.00, 549.00
(Lymphocytes/pl)
Complement component €3 | | ., | 11 | 110584 | 18.980 110.64 | 104.00,125.28
(mg/dl)
Complement component C4 | | .\ ' 15 | 175103  527.825 23.13 16.13, 30.77
(mg/dl)
C-Reactive Protein (CRP) | \ .. | 14 | 0.507 0.612 0.40 0.10,0.42
(mg/dl)
Erythrocyte sedimentation .
rate (ESR) (ram/h] valid | 10 | 11.800 | 17.306 2.00 1.75,23.25
VAL valid | 13 | 21.540 | 14.472 18.00 12.00, 28.50
(ng/ml)
TSH valid | 14 | 1.750 0.963 1.49 1.13,2.11
(mu/1)

Table 11: Description of variables referring to the analytical parameters assessed in patients studied.
7.6. Serological data

Further, different serologies were also determined, so that the results for each of them
are presented in table 12.
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Serologies
Positive
Anti-VHC Valid Negative
Total
Positive
Anti-HBs Valid Negative
Total
Positive
EBV IgG Valid Negatve
Total
Positive
VVZ IgG Valid Negative
Total
Positive
CMV IgG Valid Negativo
Total
Positive
Herpes IgG Valid Negativo
Total
Positive
Rubella IgG Valid Negative
Undetermined
Total
Positive
Sara::(iplon Valid Negative
Total
Positive
Mycoplasma Negative
Pneumoniae Valid
IgG Undetermined
Total
Treponema Positive
Pal.lidur.n Valid Negative
Antibodies
(Ab) Total
Positive
JC Virus Ab Valid Negative
Total
HIV-1/HIV-2 Positive
Txtr:tglir;((:egs) Valid Negative
(Ab) Total

Frequency
0
12
12
4
8
12
11
0
11
11
1
12
4
7
11
5
5
10
6
2
2

12
0
14
14
2
3
5
0
14
14

Percent
0.0%
85.7%
85.7%
28.6%
57.1%
85.7%
78.6%
0.0%
78.6%
78.6%
7.1%
85.7%
28.6%
50.0%
78.6%
35.7%
35.7%
71.4%
42.9%
14.3%
14.3%
71.4%
57.1%
14.3%
71.4%
42.9%
28.6%
14.3%
85.7%
0.0%
100%
100%
21.4%
14.3%
35.7%
0.0%
100%
100%

Valid percent
0.0%
100%
100%
33.3%
66.7%
100%
100%
0.0%
100%
91.7%
8.3%
100%
63.6%
36.4%
100%
50.0%
50.0%
100%
60.0%
20.0%
20.0%
100%
80.0%
20.0%
100%
50.0%
33.3%
16.7%
100%
0.0%
100%
100%
60.0%
40.0%
100%
0.0%
100%
100%

Table 12: Description of variables referring to the serological variables assessed in patients studied.
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7.7. HLA-DRB1 locus

Regarding the allelic distribution across our research population for the HLA-DBR1 locus,
data were available for 11 patients (72.7%). For the latter, the allele 1 analysis of this
locus yielded the following results: the HLA-DRB1*01 allele appeared in 2 patients
(18.2%), the HLA-DRB1*04 allele in 5 patients (45.5%), and the HLA-DRB1*03, HLA-
DRB1*07, HLA-DRB1*08, HLA-BRB1*11 alleles were present in 1 patient each (9.1%
corresponding to each of them) (Figure 12).

Meanwhile, the results obtained for allele 2 of the same locus were as follows: the HLA-
DRB1*15 allele was present in 8 patients (72.7%), the HLA-DBR1*04 allele in 2 patients
(18.2%) and the HLA-DRB1*11 allele in 1 patient (9.1%).

Thereby the haplotypes identified in these patients for the HLA-DRB1 locus were: HLA-
DRB1*04*15 (3 patients, 27.27%), HLA-DRB1*04*04 (2 patients, 18.18%), and HLA-
DRB1*03*15, HLA-DRB1*08%*15, HLA-DRB1*07*15, HLA-DRB1*11*15, HLA-
DRB1*01*11, HLA-DRB1*01*15 (each of these was present in 1 patient, 9.09%).

Haplotypes for
HLA-DBR1 locus

9.09%

m*04*15 wm*04*04 m*03*15 *07*15 m*08*15 m*11*15 m*01*15 m*01*11

Figure 12: Representation of frequencies for the different haplotypes described for the HLA-DBR1 locus.
Note that the percentages above each bar refer to the group of patients for whom data were available (11
patients).

7.8. CSF examination data
It was observed that in all patients included in our study (14 patients, 100%) a lumbar

puncture was performed, revealing the presence of oligoclonal bands in 7 patients of
them (50%).
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Regarding the CSF study, data on protein levels were available in 12 of the 14 patients
(71.4%). These data ranged from 24 mg/dl to 103 mg/dl, generating a mean for these
protein levels of 53.93 mg/dl (+ 24.806). Similarly, for the number of leukocytes per
mm3 in CSF, data were available for 12 of the 14 patients (71.4%). In this case, the data
ranged from 0 leukocytes/mm3 to 65 leukocytes/mm3, generating a mean of 13
leukocytes/mm3 (+20.374), however; the median was 3 leukocytes/mm3 (IQR 1.25,
21.25).

7.9. Neurophysiological test data

As part of the diagnosis procedure, neurophysiological studies were performed during
the study of this first clinical episode suggestive of MS. Visual evoked potentials (VEP)
were performed in 9 patients (64.3%), as opposed to 5 patients (35.7%) in whom no VEP
was performed. Among the 9 patients who underwent this test, only 2 patients (22.2%)
showed VEP alterations.

On the other hand, somatosensory evoked potentials (SSEP) were performed in only 4
patients (28.6%), compared to 10 patients (71.4%) in whom SSEP were not carried out.
Only one patient (25%) of the 4 patients in whom this test was performed demonstrated
alterations in the PESS.

Finally, electroneurography (ENG) was carried out in 6 patients (42.9%), compared to 8
patients (57.1%) who were not subjected to ENG. No abnormalities were observed in
any of those 6 patients who underwent this test.

7.10. Brain biopsy data

Brain biopsy was only required for 3 of the 14 patients included in our study (21.4%).
For all 3 patients, the delay in months from the onset of symptoms until the procedure
was carried out was 1 month. Furthermore, none of the 3 patients suffered
complications from the biopsy, and in none of the patients, a new biopsy was necessary
after the first biopsy.

The results described for the 3 biopsies performed contributed to ruling out other
possible entities and confirmed the suspected MS as the cause of the demyelinating
pseudotumoral lesions.

7.11. Clinical evolution data

From the first clinical episode suggestive of MS, until the last clinical control for which
data were available, the patients' evolution was evaluated. The mean duration of clinical
follow-up was 63.79 months (+ 82.905), however, the median was 31 months (IQR
12.75, 97.50).

By retrospectively reviewing the clinical history, we were able to account for the number
of relapses that patients had suffered up to this last clinical review for which we
possessed data. Hence, 4 patients (28.6%) reported relapses, compared to 10 patients
(71.4%) in whom no such events were recorded. For these 4 patients in whom relapses
were described, the mean number of relapses was 1.5 relapses (+ 0.577).
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Since that first clinical episode suggestive of MS and its subsequent evolution, 11 of the
14 patients (78.6%) included in the study fulfilled diagnostic criteria for RRMS, while the
remaining 3 patients (21.4%) satisfied diagnostic criteria for CIS.

Examination of the disability experienced by the patient at the last clinical review for
which data were available; revealed EDSS scores ranging from 0 points to 4 points,
resulting in a median of 1.5 points (IQR 1, 3).

As for starting DMT during this clinical course, we detected 10 patients out of the 14
studied (71.4%) who had initiated such treatment. All of them corresponded to patients
fulfilling the diagnostic criteria for RRMS. Only 1 patient (9.09%) of those 11 who fulfilled
these criteria did not receive DMT. The different drugs registered for the 10 patients in
our study were: dimethyl fumarate (2 patients, 20%), fingolimod (3 patients, 30%),
natalizumab (2 patients, 20%), ocrelizumab (2 patients, 20%), and teriflunomide (1
patient, 10%) (Figure 13).

Disease-modyfing therapies (DMTs)
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Figure 13: Representation of frequencies for the different DMTs administered to our patients. Note that
the percentages above each bar refer to the group of patients who received any of these DMTs (10
patients).

7.12. Neuroimaging evolution data

Likewise, from the first MRI performed during that first clinical episode suggestive of MS
to the last radiological control for which data were available, the time expressed in
months was also different. Therefore, the mean time from that first MRI to the last
control was 40.85 months (+ 45.86); however, the median was 12 months (IQR 10.50,
61.50). For just 1 of the 14 patients no MRI control data were found (7.1%) so all data
concerning these controls could only be studied in 13 patients (92.9%).
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None of these patients showed complete disappearance of pseudotumoral lesions
detected in their first MRI performed, however; all of them showed a decrease in the
volume of the pseudotumoral lesions. In none of these patients, pseudotumoral lesions
conditioned mass effect or expansiveness, and neither were any lesions enhanced after
intravenous administration of contrast (gadolinium). Furthermore, the appearance of
new pseudotumoral lesions was not described for any of the patients.

Concerning the evolution of non-pseudotumoral lesions or demyelinating lesions typical
of MS, in addition to the patient for whom no control data were found, there was one
patient who did not present lesions of this type in the first MRI; therefore, both were
considered as missing data for the study of this variable. Accordingly, data for
neuroimaging evolution of non-pseudotumoral lesions were accessible for 12 of the 14
patients in our study (85.71%).

Regarding the variations in the volume of these lesions, a decrease in volume was
observed in 3 patients (25%), as compared to a constant volume in the remaining 9
patients (75%). The disappearance of old non-pseudotumoral lesions was described only
for 1 of these 12 patients (8.33%), and only a single lesion was found to have
disappeared.

Moreover, old non-pseudotumoral lesions that showed enhancement after intravenous
contrast administration were detected in 3 of the 12 patients (25%), ranging in the
number of enhanced lesions from 1 to 2 lesions, resulting in a mean of 1.33 old non-
pseudotumoral enhanced lesions (+ 0.577). The location of these lesions was described
as periventricular in 2 of the 3 patients (66.67%) and infratentorial in 1 patient (33.33%).

In this instance, new-onset non-pseudotumoral lesions were described in 4 of the 12
patients for whom data were available (33.33%). Although the number of these new
lesions varied from 1 lesion to 10 lesions, the median was 1.5 new-onset non-
pseudotumoral lesions. These lesions appeared with a periventricular location in 2 of
these 4 patients (50%), with both juxtacortical and subcortical locations in 1 of these 4
patients (25%), and with multiple locations in the patient in whom 10 such new-onset
lesions were described (25%). In addition, these lesions were reported to exhibit
enhancement after intravenous administration contrast in 2 of the 4 patients (50%).

7.13. Other analysis

Although it is not the aim of the research, as the last step, Spearman's p coefficient was
used to determine whether the size of the pseudotumoral lesion correlates with the
main demographic (age), clinical (EDSS disability score and acute phase reactants) or
radiological variables. In our population, a statistically significant correlation (r=0.78)
was found between the largest diameter of the pseudotumoral lesion and disability on
examination, measured by the EDSS scale (p=0.0484). A significant positive correlation
(r=0.69) was also found between disability (EDSS) and major acute phase reactants such
as ESR (p=0.0154).
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Finally, using the Wilcoxon test, we analysed the existence of differences observed in
the diameter of the pseudotumoral lesion between those individuals who subsequently
developed MS and those who did not, those who received disease-modifying treatment
and those who did not, and those with and without positive oligoclonal bands in CSF.
Although no statistically significant differences were evident, a positive trend was
observed between diameter and the presence of the variables studied (Figure 14).
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Figure 14: Relationship of pseudotumoral lesions” largest diameter to MS diagnosis, presence of BOC and

patients on DMT treatment.
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8. Discussion

This research presents the main characteristics of patients with demyelinating
pseudotumoral lesions followed in the MS Unit of the Hospital Universitario Marqués
de Valdecilla. This form of presentation of the disease occurs infrequently and usually
constitutes a diagnostic challenge, especially if it presents as the first clinical
manifestation of the disorder®72, which may involve implications for the prognosis and
treatment of these patients. Furthermore, descriptions and reviews in the literature are
scarce, which justifies performing a study aimed at these patients. In this paper, we
analyse the demographic, clinical, diagnostic and treatment characteristics and
prognosis of our patients.

A total of 14 patients who met the inclusion criteria described above were assessed in
our analysis. Considering that the prevalence described for these lesions in the literature
ranges between 1.4 and 8.2%’%73 and that the MS consultation database includes a total
of 450 patients, the prevalence in our centre is 3.11% and, therefore; in concordance
with expectations. Moreover, it constitutes one of the longest series described in the
literature published to date.

8.1. Demographic research

Firstly, we will analyse our patients’ demographic characteristics. The majority of
patients were male (57.1%), which is a significant finding; considering that MS, like other
autoimmune diseases, is more common in females®. Nevertheless, focusing on those
patients who debut with pseudotumoral forms in the literature, although the female
predominance is maintained, it is not so evident®®7%73, Furthermore, the relatively small
number of cases, due to the monographic consultation of a single centre, could explain
the slight differences in favour of the male gender in our results.

Concerning the age at the time of onset of the lesions, it was observed that
pseudotumoral lesions can appear in practically any age group, showing a wide range of
ages in our study (between 24 and 48 years). Anyway, the showed mean age of onset,
less than 40 years (33.64 + 9.572 years); is similar to that described in previous series,
reflecting the fact that this form of presentation is more common among young
people’® 7173,

A variable rarely studied in previous research, and which our study has analysed, is the
existence of cardiovascular risk factors in these patients. Their relevance is conditioned
by their contribution to the differential diagnosis and because some of them, such as
smoking, have been identified as negative prognostic factors in MS patients®. In our
patients, as expected, the prevalence of the classical cardiovascular risk factors (AHT,
MD, DLP, obesity as BMI > 30) was low, corresponding to the general population in
young patients and with no significant differences among genders8!. However, a high
prevalence of patients with active smoking habits (71.4%) was found, with a slight
predominance of males (75%) over females (66.7%). This particular finding is
noteworthy because several studies have consistently reported that cigarette smoking
is associated with a higher risk of developing MS#2.

36



The high prevalence in our study would raise a possible future line of research aimed at
studying whether smoking exposure is also associated with a debut of the disease
characterised by the presence of pseudotumoral lesions.

Furthermore, the existence of a previous autoimmune disease history was also analysed
in our patients. Traditionally, patients suffering from an autoimmune disease have been
considered to have an increased risk of developing another autoimmune condition, and
also an increased risk of MS#384 Nevertheless, although our patient sample was small,
none of the individuals included presented a previous history of other autoimmune
diseases. This finding confirms the results obtained by more recent studies with
significant patient sample sizes, which have also found no association with other
autoimmune diseases when it comes to MS. One example is the Danish National Registry
research that studied 1403 patients diagnosed with MS between 2000 and 2004; and
found no significant incidence versus controls, in the occurrence of autoimmune
diseases other than MS (at least for females)®°.

Analysis of the personal history of interest, as in the case of cardiovascular risk factors,
is another of the variables that have been rarely included in previous studies along this
line of research. Our study, despite including a limited number of patients, showed a
greater tendency to present pathologies in the psychiatric area, such as depressive or
anxious disorders; and in the neurological area, such as different clinical modalities of
headaches, among which migraine with aura was the most prevalent (33.33% of the 12
patients for whom such data were available).

The Global Burden of Disease Survey (GBD) published in 2017 reported migraine as the
sixth most prevalent disease worldwide?. Furthermore, this pathology directly impacts
12-13% of the Spanish population, according to data from the Spanish Society of
Neurology (SEN), which means that it is the most prevalent neurological disease in our
country, affecting more than 5 million of the population®®’. Moreover,
epidemiologically, MS and migraine share features that include a predominance of
female involvement, and a tendency to affect them in their 20s and 40s%8.

Therefore, our research reinforces the idea of an association, despite a weak one,
between MS and migraine, as the prevalence rates were found to be higher than in the
general population. Current literature describes that up to two-thirds of MS patients
suffer from headaches, most of them complaining of migraines®-92; consistent with our
patients in whom the prevalence of migraine was twice that of tension-type headaches.

On the other hand, a family history of MS has been classically suggested as one of the
risk factors for developing the disease, so the existence of affected first-degree relatives
is estimated to increase the risk of developing MS in the future, compared to the general
population®'#13, Only 2 patients with a family history of MS were identified in our
research, and neither of these cases involved affected first-degree relatives. However,
the failure to identify this risk factor may simply be related to the reduced sample size
of research.
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Consequently, it could be interesting to examine whether this estimated risk for disease
development when there is a family history of MS in first-degree relatives; remains
similarly when it comes to estimating the risk of developing a pseudotumoral form of
MS; in the case of first-degree relatives affected by this MS form.

8.2. Patients characteristics

Owing to their size, pseudotumoral lesions often involve symptomatic clinical
episodes®® 72, According to the literature published to date, it is suggested that motor
deficits are the most frequent symptoms observed in patients presenting with these
lesions®®697693 results that are consistent with those found in our patients, where
71.4% suffered from this type of symptomatology.

However, depending on the size and location of the lesions, a wide range of clinical
symptoms such as sensory deficits, cognitive deficits, cerebellar and brainstem
symptoms, and impairment of symbolic functions such as aphasia, apraxia, agnosia and
ataxia; headaches and/or epileptic seizures have also been described®86%72.73,

All of them were included in our study for assessment. Our data reflect that sensory
deficits were found in the same proportion as motor deficits (71.4%), and also cerebellar
and brainstem symptoms were the second most described symptoms showing the same
proportion in both cases (50%). The involvement of significant functions such as apraxia
and agnosia were not identified in our research, with aphasia being identified in only
7.1% of patients. These data are similar to these objectivated by previous studies®®773,
as is the proportion of visual deficits (7.1%), with one particular exception, as sensory
deficits were not described in the same proportion as motor deficits by some previous
studies; although they are among the most frequently described symptoms®%73,

However, regarding the remaining symptoms, our study did not identify epileptic
seizures, which were found in previous studies®®’3, Even so, due to the low proportion
described in other series, this could be due to the mere fact of the low sample size
included in our study. The same applies to cognitive deficits, which in previous studies
were identified in a significant proportion of patients®®’3, Nevertheless, in this case, it
may be due to the fact that in our study cognitive deficits were interpreted as memory
deficits, whereas other studies have included others such as confessional states,
bradypsychia, aphasia or apraxia®®’3.

Finally, it should be noted that, although the presence of headaches has been described
in the literature as one of the possible symptoms associated with these lesions®®%973;
the majority of studies carried out to date do not include this symptom for evaluation.
Our study found that 28.6% of patients suffered from headaches, consistent with
research conducted in 2011 by Takao et al, in which 12 patients with tumefactive
demyelinating lesions were assessed and found headaches in 33% of the patients®3. This
particular finding could be related to the size of the lesions described so that further
studies could analyse the relationship between lesion size and the presentation of
persistent headaches in the first clinical episode.
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The disability experienced by our patients during this first episode suggestive of MS was
tested with the EDSS scale. This Kurtzke disability scale is the most widely used scale to
evaluate the functional status of people with MS by assessing disability according to
eight functional systems and is used as a reference in clinical trials and guidelines for MS
diagnosis and treatment recommendations?®°4,

Our study suggests a wide variability in experienced disability ranging from 1.5 to 6
points for the EDSS score with a median of 3 points. These results are similar to those
described by Lucchinetti et al; which analysed 168 patients with biopsy-confirmed
inflammatory demyelinating disease of CNS, in which a median of 3.5 points on the EDSS
scale was found at the first clinical episode’®. A median of 3 points on the EDSS scale
indicates that most patients presented at the time of diagnosis with moderate disability
in one functional system, or mild disability in three or four functional systems while
maintaining complete independence in ambulation?,

8.3. Hospitalization and acute treatment

A novel feature of our research is the recording of the requirement for hospital
admission during the first clinical episode in patients with these lesions, as to date, no
previous series have described it. Hospital admission was required in 85.7% of our
patients, with a mean length of stay of 8.75 (+4,472 days). This particular finding would
suggest an increase in healthcare expenditure related to patients with these forms of
the disease, compared to those who do not present these lesions, and in whom the
entire study is done in an ambulatory setting.

During the acute phase management of this first clinical episode almost all patients
received steroid treatment, and in addition to the 12 hospitalized patients, one patient
received such treatment on an ambulatory care plan (92.7%). Moreover, the drug of
choice in all cases was methylprednisolone, administered as intravenous boluses of
1000 mg daily ( a single patient received a dose of 50 mg) and with a median treatment
duration of 4.54 (1198) days. These results are similar to those described by previous
studies®®’17¢, One example is the research conducted by Sdnchez et al, which
retrospectively analysed 15 patients with these lesions, in which the steroid treatment
with 1-2 intravenous methylprednisolone boluses of 1000 mg daily was necessary for all
patients; and with a variable treatment period of 3-5 days’t. DMT was not initiated in
any of the patients in our study during the acute episode, a result that is consistent with
previous studies’?.

Concerning recovery from this first clinical attack, and therefore; regarding response to
steroid treatment during the acute phase, current literature results are variables.
Although some studies, such as one carried out by Mauri-Fabrega et al found a full
recovery in the 14 patients included in that study®®; others such as that performed by
Seewann et al., which included 69 patients with atypical inflammatory demyelinating
lesions as suggested by MRI, had objectified that the proportion of patients who
improve without partial recovery (50%), is higher than those who achieve full recovery
(30%)%”. Our study is consistent with the latter, as although slight, it shows a trend
towards partial recovery (64.3%), and thus, improvement of clinical symptoms, rather
than full recovery (35.7%).
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Even so, these data suggest a good response to steroid treatment if it is administered in
the acute phase of the disease, both in our study and previous ones.

8.4. Neuroimaging research
8.4.1. Pseudotumoral lesions research

Regarding imaging studies, as in the current literature®-737693, MRI was performed to
evaluate the characteristics of the pseudotumoral lesions in all patients included in our
study. These lesions were identified in all cases, with a tendency to appear as isolated
masses (85.7%), since only 2 patients presented with 2 pseudotumoral lesions. This
trend has been previously described in the current literature?3-°0.69.7173,

Data from previous studies define these lesions as greater than or equal to 2 cm (20
mm) in maximum diameter>%%873-7¢ in agreement with the diameters of the lesions in
our patients (median lesion diameter 33.36+6.527 mm). However, our study includes
the area of the lesions in their entirety, with a mean of 7.10 cm? (+/-1.81), which could
be an added value in future research.

Over the last years, volumetry has gained importance in the field of MS research. In
addition, technological developments with better and more powerful MRI equipment
have made it possible to expand the possibilities of image analysis and consequently to
identify prognostic markers in MS patients. In this sense, future lines of research will
analyse the relationship between the lesion area and disease-specific variables.

Concerning the location of these lesions, the periventricular region was the most
frequently observed in our patients (64.3%). This region has been described as one of
the most preferred locations in the literature described to date3”:8,

However, it has also been reported that pseudotumoral lesions have a high tendency to
be located in subcortical regions3”’?7>, even constituting the most frequent location in
several previous studies. One example is the research carried out by In Hye Jeong et al,
which evaluated 31 patients with this type of lesion, 38.7% of which were found in this
location ’®. These data are in contrast to our findings, where only 14.3 % of the patients
were found to show such location.

In addition, consistent with other earlier descriptions’*’®, infratentorial lesions were
described, although to a very lesser proportion (14.3%).

Current literature describes that the presence of enhancement in Tl-weighted
sequences after intravenous administration of contrast (gadolinium) is constant for
active pseudotumoral lesions. The most frequently described enhancement pattern is
incomplete ring-like?3°%6%72 |n agreement with this research, all the lesions described
in our patients correspond to active lesions, as all showed this enhancement. Moreover,
as in these previous studies?3°%%%72 the ring-like pattern was the most frequently
described (71.4%), and of those presenting this pattern, the incomplete pattern was the
most prevalent (60%). However, our study also described a high proportion of patients
with a complete annular pattern (40%).
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This latter finding may have contributed to complicating the differential diagnosis with
other pathologies, and may even delay the definitive diagnosis, or in some cases, require
a brain biopsy.

For those patients in whom 2 pseudotumoral lesions were observed during the first
clinical episode examination, both showed the same pattern of enhancement after
intravenous contrast administration. This finding is consistent with the research carried
out by Mauri-Fabrega et al, in which the same tendency to show a similar pattern of
enhancement when several pseudotumoral lesions were objectified; was described®.

Another radiological sign described in previous series was the appearance of a mass
effect 972774 described in 42.9% of patients in our study. The research performed by
Atlintas et al, in which 54 patients with these lesions were studied, reported that the
size of the lesion influenced the mass effect that they conditioned, determining that the
larger the lesion, the greater the mass effect (p<0.001)”>. Due to the descriptive
objective of our study, and the small sample size of patients, this analysis was not carried
out. Nevertheless, as previously described in the literature, the mass effect conditioned
by these lesions, in principle; appears in a considerably smaller proportion than would
be expected due to the size of the lesions, compared to other expansive SNC processes
such as abscesses or tumors®%72-74,

In conclusion, our results, regarding the characterization of pseudotumoral lesions in
MRI studies; are broadly consistent with those of previous studies.

8.4.2. Non-pseudotumoral lesions or typical MS plaques research

The guidance of pseudotumoral lesions” differential diagnosis towards an inflammatory
demyelinating disease as MS, is supported by the concomitant evidence of typical MS
plaques; which is a fairly common occurrence described by current literature?39972,
Therefore, the presence of this finding also helps in the characterization of the
pseudotumoral lesions in our patients because they were not present in just one patient
(7.1%). Classically, in clinical trials, the number of these lesions is described by intervals.
Our study revealed a tendency towards the existence of 10 to 50 MS typical plaques,
implying a moderate lesion charge.

Typical MS plaques of periventricular and juxtacortical location were described in 76.9%
of our patients, and subcortical lesions were described in 69.2%. On the other hand,
infratentorial (46.2%), medullary (23.1%) and optic nerve (7.7%) lesions were found in
smaller proportions. The locations described for these lesions in the patients included
in our study are consistent with the regions described as preferential for the
development of typical MS plaques®234449,

In 42.6% of our patients, MS typical plaques that showed enhancement after
intravenous contrast administration in T1-weighted sequences were detected at the
same time as pseudotumoral lesions, and therefore; they can be considered as active
lesions)?1234430  Furthermore, consistent as well with the literature described, all of
these lesions showed a nodular enhancement pattern®4°0:54,
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Since the number of enhanced MS-typical plaques ranged from 2 to 18 lesions, with a
median of 2, these data suggest that, in addition to detecting activity in pseudotumoral
lesions, the concomitant appearance of active MS-typical lesions is not a rare discovery.
This particular finding during the first clinical episode suggestive of MS in a patient
debuting with a pseudotumoral lesion may have implications for subsequent prognosis,
but further research is needed.

8.5. Analytical research

Data for different analytical parameters were collected in order to assess them. The
following is a commentary on the most relevant findings.

The published literature to date has described low vitamin D levels as a risk factor for
both the development and progression of the disease, therefore; deficiency of this
vitamin is common among MS patients!?13165% Qur results are consistent with this,
as a mean vitamin D level of 21.54 (+14.472) ng/mL was described, meaning it was at
the low limit of the normal range; meanwhile, the median for vitamin D levels was 18
ng/mL, and therefore; already within what would be considered low vitamin D levels.

However, these data could be affected by the geographical location of the autonomous
community of Cantabria, since another risk factor directly related to the prevalence and
incidence of the MS disease is the north-south gradient, which also has been described
within Spain. MS tends to be more prevalent as the distance from the equator (latitude)
increases, which is directly related to a decrease in UBR exposure and, consequently, to
a decrease in vitamin D levels in patients!316:97,98,

On the other hand, the consideration of MS as an inflammatory demyelinating disease
could imply a slight increase in acute phase reactants during the relapses or disease
progression, as had been suggested by previous studies?1%,

Although CRP had been suggested as correlates well with the severity of clinical
symptoms®®, as described in the systematic review by Olsson et al in 2020, after
analysing the results for CRP levels in 14 subsequent studies, the inconsistency of the
results implies insufficient evidence to support the use of CRP as a diagnostic or
prognostic biomarker of MS due to its lack of specificity!?. Our study would support the
unspecificity of CRP levels as a biomarker in diagnosis, as the mean for our patients'
levels (0.507 (+0.612) mg/dL) was within the normal range.

Regarding ESR, the cross-sectional study by Nazeri et al®°, which included 80 patients
with a definitive diagnosis of multiple sclerosis, found an association between ESR levels
and lesions showing MRI enhancement after intravenous contrast administration.
Therefore, since the presence of this neuroradiological finding has been established as
a reflection of multiple sclerosis activity?234450 the study supported the hypothesis
that ESR could have prognostic value and be useful to monitor disease activity and
distinguish relapse from relapse®. In our patients the mean for ESR levels was
11.800(+17.306) mm/h; therefore, although the mean was within the normal range, the
variability in the levels detected was evident.
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Although this is not the aim of our research, the relationship between ESR levels and the
disability experienced by our patients in their first episode suggestive of MS is discussed
below.

No significant alterations were found in the rest of the analytical variables assessed.

8.6. Serological research

Concerning the serologies analysed, we emphasise above all the unanimous positivity
for EBV in all patients in whom data could be obtained, which supports recently
published studies that point to this virus as another risk factor for developing the
disease3 712716,

In addition, other viruses were described in a significant proportion of patients, such as
varicella-zoster virus (91.7%), cytomegalovirus (63.6%), and herpes (50%). Current
literature has described many infectious agents as potential causative agents of the
disease, including those described above, but none of them has been confirmed’. In
addition, our study found a substantial proportion of positivity for sarampion (80%) and
rubella (50%) serologies, which have not been assessed by previous studies as other
viruses.

Our findings could serve as a basis for future research to further investigate the
epidemiology and risk factors of this complex disease.

8.7. HLA-DRB1 research

As described in the background, genome-wide association studies have identified more
than 200 genetic variants that increase the risk of the disease, of which the most

significant remains the HLA DRB1*1501 haplotype (with an odds ratio of approximately
3)3,5,12,13'

However, in contrast to these data, this haplotype was only identified in one of the
patients for whom this immunological study was available. In our study, although the
sample is small, and therefore this data could be, as a consequence, biased; the most
identified haplotype was HLA-DRB1*04*15 (27.27%). Furthermore, it should be noted
that, although this is the most reported haplotype, a large variability of them for this
locus was observed in our patients.

Overall, our characterization of the HLA-DRB1 haplotype in patients presenting with
pseudotumoral lesions during a first clinical episode could serve as a basis for further
studies assessing the risk of developing a pseudotumoral lesion as a form of disease
presentation; if a particular haplotype for the HLA-DRB1 locus is present.

8.8. CSF examination research

CSF analysis following lumbar puncture is one of the tools in the diagnostic arsenal for
MS. As evidence of this, all our patients underwent this procedure.
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The literature reviewed to date describes that an increase in the intrathecal synthesis of
IgG occurs in almost 95% of patients with established MS. It is qualitatively measured by
the presence of oligoclonal bands. Therefore, their presence strongly supports the
diagnosis of the disease??>>=%, In our patients, at the time of the first clinical outbreak,
oligoclonal bands were present in 50% of the patients.

The presence of BOC may aid the MS diagnostic process and, hence; its inclusion in the
MS diagnostic criteria???°. Nevertheless; although it is described to be present in a high
number of MS patients, it is not universal; as we see in our results. As this is a crude test,
it was not repeated to see if they developed in the course of the disease.

Other parameters analysed in the cerebrospinal fluid were protein levels and CSF cell
counting. In the field of protein levels, the mean of 53.93 mg/dL (24.806) in our patients
is consistent with the current literature, as it is described how the finding of very high
CSF protein levels (>100 mg/dL) should suggest a diagnosis different from MS. The same
is true for the median number of leukocytes/mm3 (3 leukocytes/mm3 in our patients),
as the finding of pleocytosis with >50 cells/mm3 should also suggest a diagnosis other
than MS22°8,

8.9. Neurophysiological test research

The study of MEPs and ERG are other useful tools in the diagnosis and monitoring of
MS>%>_ Although its diagnostic and prognostic value in the detection of formed plaques
and the recording of “silent changes of the sensory pathways” has been described,
especially VEPs for manifesting lesions of the optical nerve; MacDonald criteria do not
include them because of considering insufficient data about VEPs diagnostic sensitivity
and specificity, to support their incorporation into the criteria at that time to
demonstrate optic nerve lesions in patients without a clear history or clinical evidence
of optic neuritis??.

Consequently, neurophysiological studies are not included among the diagnostic tools
included in the diagnostic process of routine practice, as opposed to the assessment of
CSF. Our study supports these data, as although VEPs, which have been described as
highly sensitive for the detection of optic nerve lesions®®, were performed in 64.3% (9
patients), ENG was performed in only 41.9% (6 patients), and SSPs in 28.6% (4 patients).

For all these diagnostic tests, the proportion of detected alterations was really low or
practically null, as alterations were only detected in VEPs for 2 patients, and in SSPs for
1 patient, whereas no alterations were described with ENG. Even so, and although the
sample of our patients is really small, it has been described in the literature that the
neurophysiological studies that most often detect alterations are VEPs, as observed in
our data.

Our study could provide data for future lines of research evaluating this type of studies
as diagnostic tests in patients with pseudotumoral lesions since in the literature
described to date, there are no data available on neurological studies performed in
these patients.
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Initially, the data from our study would imply a low proportion of alterations in
neurophysiological studies in patients who debut with a pseudotumoral form of the
disease. Still, due to the low sample size, these data should be interpreted cautiously.

8.10. Brain biopsy research

In our patients, brain biopsy to clarify the differential diagnosis of an intracerebral mass
suggestive of a pseudotumoral lesion (detected by MRI) was only necessary for 21.4%
of patients, which is in line with the previous studies®®’°3, In all cases, the results
obtained served to confirm the suspected MS as the cause of the lesién due to the
demonstration of characteristic features of inflammatory demyelinating disease.

Although the number of brain biopsies performed for the definitive diagnosis of a
pseudotumoral lesion is low, providing a better characterization of both these lesions
and the patients who develop them, will assist in future to further reducing the need for
such invasive procedures, which are associated with a high morbidity rate®.

8.11. Clinical evolution research

Throughout the retrospective evaluation of our patient's medical histories, it should be
noted that the duration of this evaluation was very variable, as each patient had a
different follow-up time, having been diagnosed at different times since 1996.
Therefore, although the mean duration in months was 63.79 (+82.905), the median was
12 months.

Our study found relapses in 28.6% of patients, with a mean number of relapses of 1.5
(x0.577). However, it should be noted that the impossibility to perform a standardised
annual rate, due to the different time length of the retrospective analysis, makes
comparison with previous studies impossible.

As described by previous studies’?, there is a tendency toward developed clinically
definite MS in these patients. This finding is consistent with our results, as all of the
patients eventually met the diagnostic criteria for MS (78.6% for RRMS and 21.4% for
CIS).

Independently of the recovery from the first clinical flare-up described above, the
improvement in the EDSS scale score was assessed at the last available clinical review
for each patient. Thus, although again, it is not a parameter evaluated at the same time
for each of them, the median EDSS score was 1.5 points, showing an improvement
compared to that observed in the first clinical episode (3 points). This reduction in EDSS
score at the last clinical review for which data were available, has been described before
by different studies®®’3, and therefore our results are in line.

As in previous studies, most of our patients (71.4%) started DMT as a chronic treatment
of the disease. The different treatments administered coincide with those described as
available by current literature®?2, with fingolimod being the most frequently
administered in our patients (30%); but also noted a wide variability in the different
drugs selected for each one.

45



This tendency towards the onset of chronic DMT would be directly related to the
decrease in the EDSS score in our patients. Therefore, these data suggest that, overall,
presenting with a pseudotumoral form of MS at disease onset does not imply a worse
prognostic significance, as many people experience a significant recovery of the deficits
presented during the first clinical episode; and also the mean number of relapses found
during the retrospective analysis of patient medical files is not higher than that of MS
patients in general clinical practice. These are consistent with hypotheses by previous
studies suggesting that patients presenting with a pseudotumoral lesion as a form of
multiple sclerosis presentation, have a comparatively benign course compared to those
presenting with another form of the disease!03104,

8.12. RMN evolution research

Regarding the evolution of pseudotumoral lesions in MRI, although it should be noted
that the evolution time from the first MRI performed to the last available follow-up MRI
is different for each patient; all lesions presented by our patients showed a decrease in
MRI volume, any of them showed enhancement after endovenous administration of
contrast a and no new pseudotumoral lesions were detected in any of our patients;
which is consistent with current literature’®”’.

8.13. Other analysis research

Although not the aim of our work, we assessed using Spearman's p coefficient whether
the size of the pseudotumoral lesions correlated with demographic, clinical or
radiological variables. In our study, a statistically significant correlation (r=0.78, p=0.0)
was found between the longest diameter of the pseudotumoral lesion and the disability
experienced by our patients, measured by the EDSS scale. This particular association
suggests that the larger the size of the pseudotumoral lesions, the greater the disability
experienced by patients during the first clinical episode, and therefore, the more severe
the symptoms presented.

Similarly, in our study, a statistically significant correlation (r=0.69, p=0.0484) was found
(p=0.0484) between the largest diameter of the pseudotumoral lesion and the levels of
acute-phase reactants such as ESR observed in our patients. This association has been
described previously in the cross-sectional study by Nazeri et al, which included 80
patients with a definitive diagnosis of multiple sclerosis, found an association between
ESR levels and lesions showing MRI enhancement after intravenous contrast
administration, as previously described.

8.14. Limitations

Our study included a relatively low number of patients (n=14) considering the overall
prevalence of MS in Spain. Moreover, the data collected are extracted from the MS
database of a single tertiary hospital centre; therefore, this may be a source of potential
bias when it comes to identifying different trends among the characteristics of the
patients included in our study. Even so, it is one of the longest series described in the
literature, and the study of a wide range of demographic, clinical and radiological
variables allows for a detailed characterisation of the sample.
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Furthermore, regarding the retrospective individualised assessment of the patients, the
duration of the retrospective study was different in each case, as the patients were
diagnosed at different times since 1996. Consequently, there is a significant impact on
disease monitoring and prognosis, as the therapeutic arsenal has multiplied over the
last 20 years. It implies that the natural history of the disease is not fully comparable
between different individuals.

The limited number of patients also complicates the performance of comparative
studies across the variables studied. Although not being one of the objectives of the
study, further research aimed at finding out the potential relationships between the
data described would be desirable.

Finally, as this was a retrospective research study, there may be biases in the collection
of information or in some of the characteristics analysed as a consequence of the fact
that the diagnostic studies and follow-up of each patient were not carried out uniformly
in each one of them. Therefore, it also leads to the absence of specific data in some of
the variables studied.

As a result of the previously related, and although most of the demographic, clinical and
radiological data coincide with the literature described to date, our results should be
interpreted with caution, as we cannot confirm that these results are statistically
significant when extrapolated to the general population of MS patients with this type of
lesion. Future studies with larger samples and multicentre studies that confirm the
results described would be desirable.
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9. Conclusions

Multiple sclerosis is a chronic and incapacitating disease that particularly affects young
patients and may lead to significant disability.

Regarding pseudotumoral lesions in particular, although infrequent, constitute one of
the possible forms presenting in some patients during the first clinical episode
suggestive of multiple sclerosis, so it is important to know their characteristics and
prognostic significance.

Moreover, pseudotumoral lesions represent a diagnostic challenge due to their
characteristics, especially if they occur early in the course of the disease. This implies
that a detailed knowledge of both lesions characterization and the main processes that
can mimic these lesions, is necessary.

Firstly, the most frequent forms of presentation of pseudotumoral lesions are motor or
sensory deficits and the predominant location for them is periventricular. In addition,
the radiological pattern of incomplete ring-like enhancement after intravenous contrast
administration is the most prevalent form of appearance of these lesions in
neuroimaging (MRI) studies.

On the other hand, the concomitant occurrence of typical MS lesions combined with
pseudotumoral lesions supports the inflammatory demyelinating etiology of these
lesions.

A high percentage of patients with pseudotumoral lesions require hospital admission,
or even brain biopsy, to establish the diagnosis of the disease.

Brain biopsy enables us to confirm the demyelinating inflammatory origin of these
lesions in whom it is performed.

In terms of treatment, intravenous methylprednisolone boluses are the preferred
treatment in the acute phase. Furthermore, follow-up of most patients show a
conversion to MS according to McDonald criteria, and consequently, disease-modifying
treatment is initiated in the majority of them.

Focusing on the neuroradiological evolution, most of the lesions show a decrease in
largest diameter, volume and inflammatory activity ceases, denoting the cessation of
inflammatory activity in the lesions. Generally, no recurrences of similar lesions are
described.

Finally, concerning clinical evolution; the prognosis, the number of relapses described
and the significant recovery of the disability experienced, measured by the Kurtzke's
expanded disability scale score; support that the debut of the disease with a
pseudotumoral lesion would suppose a benign course compared to other forms of the
disease. Nevertheless, future studies with larger samples and multicentre studies that
confirm our results described would be desirable.
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10. Glossary

Ab: Antibody

Ag: Antigen

BMI: Body Mass Index

CIS: Clinically Isolated Syndrome
CNS: Central Nervous System

CRP: C-Reactive Protein

CSF: Cerebrospinal Fluid

DIR: Double inversion recovery

DIS: Dissemination in space

DIT: Dissemination in time

DMT: Disease-modifying therapies
DMT: Disease-modifying therapy
EBV: Epstein-Barr virus

EDSS: Kurtzke’s Expanded Disability Scale Score
ENG: Electroneurography

ESR: Erythrocyte Sedimentation Rate
Ig: Immunoglobulin

1gG: Immunoglobulin G

IQR: Interquartile range

MEPs: Multimodal evoked potentials
MRI: Magnetic Resonance Imaging
MS: Multiple Sclerosis

OCBs: Oligoclonal bands.

PPMS: Primary progressive MS

RIS: Radiologically Isolated Syndrome
RRMS: Relapsing-remitting MS

SD: Standard Deviation

SPMS: Secondary progressive MS
SSEPs: Somatosensory Evoked Potentials
UVB: Ultraviolet B Light

VEPs: Visual Evoked Potentials
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11. Appendix 1

Disease-course definitions
Referring to a first episode of inflammatory demyelination in CNS that shows characteristics
CIS | of inflammatory demyelination that could be MS, but has yet to fulfill criteria of DIT. CIS, if
subsequently clinically active and fulfilling current MS diagnostic criteria, becomes RRMS.
Episodes of acute worsening of neurologic functioning (new symptoms or the worsening of
existing symptoms) with total or partial recovery and no apparent progression of disease.
RRMS can be further characterized as:
Active: showi i f I . : :
ctive: s ?M{mg eV|denc.e ° ne.w Rekl s Worsening: defined as increased
new gadolinium enhancing lesions and/or L . e .
. . disability confirmed over a specified time
RRMS | new or enlarging T2 lesions on MRI over a . .
T . period following a relapse.
specified time period.
OR I OR
. . . Stable: defined no evidence of increasing
Not active: showing no evidence of L o . .
. - disability over a specified time period
disease activity. .
following a relapse
Steadily worsening neurologic function from the onset of symptoms without initial relapses
or remissions. PPMS can be further characterized as:
Active: showing evidence of new relapses, With progression: evidence of disease
new gadolinium-enhancing lesions and/or worsening on an objective measure of
PPMS | New or enlarging T2 lesions on MRI over a change®, confirmed over a specified
specified time period. period of time, with or without relapses.
OR AND OR
Without progression: no evidence of
Not active: showing no evidence of disease  worsening on an objective
disease activity. measure of change® over a specified
period of time.
Following an initial relapsing remitting course, the disease becomes more steadily progressive,
with or without relapses. SPMS can be further characterized as:
Active: showing evidence of new relapses, With progression: evidence of disease
new gadolinium-enhancing lesions and/or worsening on an objective measure of
SPMSs | new or enlarging T2 lesions on MRI over a change®, confirmed over a specified
specified time period. period of time, with or without relapses.
OR AND OR
Without progression: no evidence of
Not active: showing no evidence of disease  worsening on an objective
disease activity. measure of change? over a specified
period of time
Table 13: Disease-course definitions according to Lublin et al., Neurology 2014%. @ For example, EDSS.

Adapted from Klineova et al., Cold Spring Harbor Perspectives in Medicine 201

818,
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13. Appendix 2

Largest

Age at diameter Contrast Ms Duration ?f - EDSS
. EDSS . . . retrospective Clinical
Patient Sex PL Symptoms BOC Biopsy Acute treatment Recovery PL (mm) Location enhancement typical Relapses DMT last
. onset study Phenotype L
detection and area pattern plaques revision
5 (months)
(cm?)
Motor deficit
1 F 23 Sl Claiel: 3 + No Mtz eselEne Partial 2 Sl Periventricular eSS 10-50 8 1 RRMS Ocrelizumab 2
Cerebellar 1grl.V-5 days 6.3 cm2 ring-like
symptoms
Cerebellar Methylprednosolone 36 . Incomplete X "
2 F 43 symptoms 1,5 + No 1gr V-5 days Complete 1 6.51 cm2 Subcortical ring-like >50 15 0 RRMS Fingolimod 1
Motor deficit
Sensitive deficit
Cerebellar
Methylprednosol 37,42 Complete ring-
3 M 29 symptoms 4,5 + No ethylprecnosolone Partial 1 ! Juxtacortical ompfe S >50 12 0 RRMS Natalizumab 4
. 1grl.V-5days 11 cm2 like
Brain stem
symptoms
Ataxia
Motor deficit
Sensitive deficit
Cerebellar Methylprednosolone 28,39 Incomplete
4 F 40 symptoms 4,5 - Yes Vi Partial 1 ! Periventricular ! p <10 51 0 RRMS Teriflunomide 3
. 1grl.V-3days 6.33 cm2 ring-like
Brain stem
symptoms
Ataxia
Cerebellar
symptoms . 5
5 M 44 Brain stem 25 + No Mz resneselene Partial 1 2 Periventricular ECORREtS 10-50 6 1 RRMS Blm=din 1
1grl.V-5days 5.96 cm2 ring-like fumarate
symptoms
Headaches
Sensitive deficit
Methylpred I 28,73 | let: Dimethyl- 1
6 M 24 Brain stem 2,5 + No ethylprecnosolone Complete 1 ! Periventricular ncAomrf ete 10-50 13 0 RRMS imethy
1grl.V-5days 6.3 cm2 ring-like fumarate
symptoms
Motor deficit Methylpred | 28,73 | let:
7 M 22 otor detict 2 - No ethylprecnosolone Complete 1 ’ Periventricular ncAom;? ete 0 40 0 CIS No data 0
Headaches 1grl.V—-7days 6.48 cm2 ring-like
Sensitive deficit
Cerebellar Methylprednosolone 26,15
8 M 32 symptoms 2 - No Vi Complete 1 ’ Infratentorial Nodular 10-50 90 0 RRMS No data 15
. 1grl.V-3days 4.97 cm2
Brain stem
symptoms
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13. Appendix 2

Patient Sex
9 F
10 M
11 M
12 F
13 M
14 F

Age at
PL
detection

40

28

48

26

47

25

Symptoms

Motor deficit
Sensitive deficit
Brain stem
symptoms

Motor deficit
Sensitive deficit

Motor deficit
Sensitive deficit
Aphasia

Motor deficit
Sensitive deficit
Headaches
Visual deficit

Motor deficit
Brain stem
symptoms

Ataxia
Motor deficit
Sensitive deficit
Cerebellar
symptoms
Headaches

EDSS
onset

35

2,5

BOC

Biopsy

Yes

Acute treatment

Methylprednosolone
1grl.V-3days

Methylprednosolone
1grl.V-3days

Methylprednosolone
1grl.V-5days

Methylprednosolone
1grl.V-5days

Methylprednosolone
1grl.V-5days

No administered

Recovery

Partial

Partial

Partial

Partial

Complete

Partial

PL

Largest
diameter
(mm)
and area
(cm?)

26,59

5.44 cm2

35
No data

34,14
9.16 cm2

42
6.4 cm2

28
7.5 cm2

38
10cm2

Location

Periventricular

Periventricular

Periventricular

Subcortical

Brainstem

Periventricular

Contrast
enhancement
pattern

Nodular

Complete ring-
like

Complete ring-
like

Nodular

Nodular

Complete ring-
like

Ms
typical
plaques

10-50

No data

10-50

<10

10-50

<10

Duration of
retrospective
study Relapses
(months)
16 0
309 0
143 0
120 2
48 0
22 2

Clinical
Phenotype

CIs

CIs

RRMS

RRMS

RRMS

RRMS

DMT

No data

No data

Fingolimod

Natalizumab

Fingolimod

Ocrelizumab

EDSS
last
revision

1,5

Table 14: Main data recorded for the 14 patients belonging to MS database of the Neurology Department of the Marqués de Valdecilla University Hospital (Santander, Cantabria); who met
the inclusion criteria for our study.
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