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Not My Objective

• To give a comprehensive overview of the 
complications of MS therapy.



Main topics
• PML
• rebound
• herpesviruses

• other interesting reports



• Devastating brain infection caused by JC virus

• Immunosuppression (now commonly 
iatrogenic) is the primary risk factor

• ~25% mortality in the setting of MS

• Best treatment: immune reconstitution

Progressive Multifocal Leukoencephalopathy (PML)



Major risk factors for PML in MS

• immunosuppression for > 2 years
�especially natalizumab
�also reported: fingolimod, dimethyl fumarate, rituximab

• + serology for JCV (high JCV antibody index)

•prior immunosuppressive therapy raises risk



Up to 10% risk/year 
in year 6 

if JCV index >1.5
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PPMS... treated with natalizumab



Infratentorial PML
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PML Pathology
Atypical astrocytes

Viral cytopathic changes

Immunostain - JC virus

Foamy histiocytes

CD3 CD20

CD4 CD8

Immune Reconstitution Inflammation



Salient features of PML

Clinical
• cognitive slowing
• progressive weakness
• gait abnormality
• visual field cuts
• aphasia
• incoordination

Radiological
• lesions are irregular & can be large; 

punctate also common
• supratentorial or infratentorial
• signal: T2 bright, T1 dark
• peripheral restricted diffusion
• variable enhancement (patchy or punctate)
• paramagnetic leukocortical band: late



PML-IRIS

• in natalizumab PML, punctate or patchy 
enhancement of the PML lesion 
suggests IRIS
• but consider necrosis, MS rebound
• treating vs. watching: tricky balance
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Koralnik et al., Ann Neurol 2005 (10.1002/ana.20431)

See also: Schippling et al., Ann Neurol 2013 (10.1002/ana.23973)



Paramagnetic Leukocortical Band in PML

Susceptibility-weighted
Hodel et al. 2015

T1 spin echo
Khoury et al 2014

Sethi et al., ECTRIMS 2014



+4 monthsBaseline

Characteristics of the Paramagnetic Band
• spans the gray/white junction, involves deeper cortical layers
• infratentorial PML: dentate nucleus or cerebellar cortex
• expands as the PML lesion enlarges but lags behind
• persists & intensifies after PML lesion peaks and begins to involute



PLP PLP Iron/CD68 Iron/GFAP

Paramagnetic band: 
iron in macrophages/microglia
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+3.5 months +4 months

Postmortem

*

*

Unique Case: In Vivo to Postmortem

Sethi et al., in preparation
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Pseudolaminar Necrosis



Sometimes Seen in MS!

Sethi et al., in preparation



PML Surveillance

McNamara et al., AJNR 2017 (10.3174/ajnr.A5148)
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Tysabri_20/Procedure_started/WC500186688.pdf



Rebound
• occurs within 3 months of stopping natalizumab (10-40%) & fingolimod

(apparently rarer)
• peripheral autoimmune disease may also recrudesce
• 1 case of fatal rebound: extensive infiltration of CD8 T cells, B cells, antibody, 

complement (immunopattern II) (Larochelle et al. 2017)

• discontinuation of highly active therapy needs to be managed carefully

Honce et al., MS International 2015 (10.1155/2015/809252)



HSV encephalitis
• typically affects limbic system, medial 

temporal lobes, inferomedial frontal 
lobes, insula
• parenchymal & leptomeningeal 

gadolinium enhancement
• restricted diffusion
• hemorrhage is common



VZV vasculitis
• stroke (ischemic & hemorrhagic)
• hemorrhage (subarachnoid & 

parenchymal)
• segmental arterial constriction & 

dilatation (“beading”)
• can result in arterial dissection
• association with giant cell 

arteritis



And all the rest
• Depression
• Headache
• Cystoid macular edema
• Reversible cerebral vasoconstriction syndrome (RCVS)
• Hemorrhagic leukoencephalitis
• Primary CNS lymphoma
• Meningitis – aseptic, cryptococcal
• Toxoplasmosis



Normal MRI
• Depression – small incidence, 

esp. in the 1st 6 months of 
interferon ß therapy

• Benign headache, a common 
reported side effect of various 
medications (incl. fingolimod*)

*Patten et al., MSJ 2005 (10.1191/1352458505ms1144oa)



Cystoid Macular Edema – fingolimod

Afshar et al., JAMA Ophthal 2013



RCVS
• “thunderclap headache”
• often drug-induced (but also 

occurs during/immediately 
after pregnancy)
• 2 cases reported on 

fingolimod
• multifocal narrowing in Circle 

of Willis, with post-stenotic 
dilatation
• no subarachnoid hemorrhage
• vascular findings resolve



Tumefactive MS

baseline 1.5 months later

See Schindler et al. ECTRIMS 2017, P1036





Primary CNS Lymphoma
• ~8 cases of PCNSL reported on 

natalizumab therapy since 2009

• cells can show EBV reactivity 
(inconsistent)

• dense contrast enhancement, but can 
be peripheral in immunocompromised 
(has been seen in natalizumab-
associated)

• other characteristics: T2 isointensity, 
diffusion restriction



Aseptic meningitis
• 1 case reported so far
• leptomeningeal enhancement on 

post-gad FLAIR 1 day after 
natalizumab, with headache, 
fever, photophobia, nausea, & 
meningismus 3 days later
• recurred after the next infusion
• enhancement resolved

• different from leptomeningeal 
enhancement of MS (Absinta, 
Vuolo et al. 2015)



• perivascular 
space 
involvement
• hydrocephalus
• parenchymal 

cryptococcomas
• gelatinous 

pseudocysts



Toxoplasmosis
• T1 dark/T2 bright
• ring or nodular enhancement
• peripheral edema
• lipid/lactate peak on MRS
• can calcify post-treatment

• can looks like MS... but probably 
no central vein sign



Question 1

A 50-year-old man with MS, treated with fingolimod, developed seizure 
and coma. MRI revealed a diffusion-restricting lesion in the medulla. 
The most likely diagnosis is:
A. Herpes simplex encephalitis
B. Varicella zoster vasculitis
C. Progressive multifocal leukoencephalopathy
D. Reversible cerebral vasoconstriction syndrome

Answer: B



Question 2

New gadolinium enhancement in a patient with MS and PML may 
indicate all of the following except:
A. PML-induced blood-brain-barrier breakdown
B. Immune reconstitution inflammatory syndrome (IRIS)
C. A new MS lesion
D. A capillary telangiectasia

Answer: D



Summary: Questions to Consider
• Should monitoring be routine or symptom-driven?

• How often to scan?

• Are special imaging sequences useful?

• Should the radiological approach to MS be modified?

• Is a new finding due to MS, MS treatment, or something else?

• How long should pharmacovigilance continue after risky 
treatment is discontinued?




