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ABSTRACT & COMMENTARY

Incidence, Prevalence, and Long-Term 
Consequences of Small Fiber Neuropathy
By Mary L. Vo, MD, PharmD
Assistant Professor of Neurology, Weill Cornell Medical College

SYNOPSIS: Small fiber neuropathy (SFN), a subtype of peripheral neuropathy characterized by painful distal neuropathic pain and 
autonomic symptoms, is increasing in incidence. SFN associated with diabetes and other causes is more likely to progress to large-
fiber polyneuropathy and have faster deterioration and higher disability compared to slow progression with idiopathic SFN. Glucose 
impairment, obesity, and elevated triglycerides are modifiable risk factors of idiopathic SFN. Although major disability and neurologic 
impairment are uncommon in this slowly progressive condition, higher mortality and cardiovascular events are noted in patients with 
SFN. 

SOURCE: Johnson SA, Shouman K, Shelly S, et al. Small fiber neuropathy incidence, prevalence, longitudinal impairments, and disability. 
Neurology 2021; Oct 27:10.1212/WNL.0000000000012894. doi: 10.1212/WNL.0000000000012894. [Online ahead of print].

Small fiber neuropathy (SFN) is a subset of 
peripheral neuropathy caused by selective injury 
to Aδ and C fibers resulting in neuropathic pain 

and autonomic dysfunction. Although most cases are 
idiopathic, diabetes is the most common identifiable 
cause of SFN.1 

Examination features include mild sensory deficits  
to pain and temperature. Diagnosis is confirmed  
with electrophysiologic testing and reduced intraepi-
dermal nerve fiber density (IENFD).2 Disease pro-
gression typically is slow, and long-term disability is 

modest.3 However, neuropathic pain control and risk 
factor mitigation remain unmet clinical needs in this 
population. 

Johnson et al performed a retrospective longitudinal 
study that included patients with SFN and matched 
controls in Olmstead County and neighboring 
regions in Minnesota from January 1998 to Decem-
ber 2017. Patients were required to have examina-
tion findings consistent with SFN confirmed with 
quantitative sensory test (QST), thermoregulatory 
sweat test (TST), quantitative sudomotor axon reflex 
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test (QSART), or intraepidermal small-
fiber nerve biopsy analysis. Patients with 
weakness, large-fiber nerve involvement 
on exam or electrodiagnostic testing, and 
alternate causes of symptoms were ex-
cluded. Laboratory tests, including glucose 
tolerance, thyroid tests, immunofixation, 
autoimmune profile, HIV, hepatitis C, and 
genetic testing, were evaluated to deter-
mine causality. Standardized assessments 
using Neuropathy Impairment Scale (NIS), 
Composite Autonomic Severity Score 
(CASS), and modified Rankin scale (mRS) 
were established in all subjects. Mortality 
data and comorbidity data were extracted 
from chart review. Statistical analysis was 
performed using JMP 14.1.0 software with 
significance level of P < 0.05. The re-
searchers used 2 x 2 testing and Wilcoxon 
one-way analysis of variance to analyze 
categorical data and continuous variables, 
respectively. Kaplan-Meier curves were 
plotted for SFN patients vs. controls. 
Hazard ratios for survival were calculated 
using Cox proportional hazards regression.

Ninety-four of 183 patients with SFN were 
included in the analysis, establishing an 
incidence of 1.3/100,000/inhabitants/year 
(95% confidence interval [CI], 0.9-1.6) and 
prevalence of 13.3/100,000/inhabitants 
(CI, 9.9-16.6), with a significant increase in 
incidence over the course of the study. The 
SFN group was more likely to be female, 
be obese, have elevated triglycerides, have 
sleeping difficulty, and use opiate analge-
sics than controls. Autonomic symptoms 
were present in 85% of patients with mod-
est progression (0.08 points CASS/year) 
over mean 36 months. Of patients with 
follow-up electromyography (EMG), 36% 
(22/61) subsequently developed large-fiber, 
length-dependent axonal neuropathy. 

The most common etiologies of SFN were 
idiopathic (70%) and diabetes (15%). 
Fifteen percent of patients had glucose 
impairment at onset and 51% later devel-
oped diabetes relative to 22% of controls. 
Idiopathic patients had minimal worsen-
ing of NIS score (1.73 points/year) relative 
to SFN secondary to an underlying cause 
(9.7 points/year); this was most significant 
in patients with hereditary transthyretin 
amyloidosis, endocrine tumor, and poorly 
controlled diabetes. Minimal changes in 
autonomic involvement were noted.

SFN patients had higher morbidity relative 
to controls (19% vs. 12%; P < 0.0001), 
mostly due to myocardial infarction. Addi-
tionally, most deaths were associated with 
diabetic complications.

Limitations of the study include retrospec-
tive design, small sample size, and limited 
generalizability of the study population to 
international cohorts. Additionally, skin 
biopsy analysis, the current gold standard 
for SFN diagnosis, was performed only on 
a small proportion of patients.

n COMMENTARY
The current study confirms prior obser-
vations that SFN is a slowly progressive 
condition characterized mainly by pain but 
that does not result in significant disability 
for most patients. Although the majority 
of SFN cases demonstrate slow evolution, 
therapeutic and lifestyle intervention to 
improve glucose control and reduce meta-
bolic risk factors remain vital to mitigate 
disease progression. 

Satisfactory pain control remains an 
important unmet clinical need as reflected 
by the proportion of opiate use and sleep 
disturbances seen in the SFN group and 
emphasizes the need for new therapeutics. 
The higher mortality rate from myocar-
dial infarction observed in the SFN group 
prompts screening for cardiovascular risk 
factors and autonomic dysfunction as 
part of the diagnostic evaluation. Cardiac 
autonomic neuropathy (CAN) is associated 
with both diabetes and glucose impairment 
and confers a five-fold increase in cardiac 
death.4 Pathologic mechanisms of CAN 
and SFN likely overlap and merit addi-
tional study.  n
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ABSTRACT & COMMENTARY

TSPO PET Imaging for Monitoring 
Natalizumab-Associated Progressive 
Multifocal Leukoencephalopathy 
By Ulrike W. Kaunzner, MD
Assistant Professor of Clinical Neurology, Weill Cornell Medical College

SYNOPSIS: Authors of a recent study evaluated inflammatory activity in multiple sclerosis patients who developed natalizumab-associated 
progressive multifocal leukoencephalopathy (PML) using translocator protein positron emission tomography (TSPO PET) for imaging of 
microglia. They demonstrated that TSPO PET can monitor PML longitudinally.

SOURCE: Mahler C, Schumacher A-M, Unterrainer M, et al. TSPO PET imaging of natalizumab-associated progressive multifocal 
leukoencephalopathy. Brain 2021;144:2683-2695. 

Progressive multifocal leukoencephalopathy (PML) 
is an opportunistic central nervous system (CNS) 

infection caused by the polyomavirus, JC (JCV), 
which is carried by approximately 40% to 69% of 
the general population and is harmless except among 
those with impaired immune systems. PML can oc-
cur in multiple sclerosis (MS) patients being treated 
with certain disease-modifying treatments (DMT), 
and natalizumab has the highest incidence of DMT-
associated PML (3.99/1,000 patients), with more than 
800 cases identified worldwide. Clinical symptoms 
of PML include ataxia, vision changes, and cognitive 
symptoms, which make the differentiation from an 
MS relapse difficult. Diagnosis includes brain mag-
netic resonance imaging (MRI) and cerebrospinal fluid 
(CSF) analysis. Clinical management of patients with 
natalizumab-associated PML is challenging, with a 
high fatality rate. Surviving patients often have lasting 
neurological disability. Monitoring surviving patients 
is further complicated by the reoccurrence of MS 
relapses after stopping natalizumab therapy. In addi-
tion, cessation of natalizumab causes recovery of the 
immune system, often leading to immune reconstitu-
tion inflammatory syndrome (IRIS), which worsens 
existing PML symptoms. Histopathological analysis 
showed that natalizumab-associated PML is associated 
with activation of the innate immune system. 

Mitochondrial 18 kDa translocator protein (TSPO) is 
expressed by microglia and infiltrating macrophages 
and has been used to investigate the presence of im-
mune cells in MS and other CNS diseases. A positron 
emission tomography (PET) radioligand that binds to 
TSPO was developed as a tool for monitoring micro-
glial activity. Tools that allow specific monitoring of 
PML are lacking so far, and surveillance includes clini-
cal observation, MRI, and repeated CSF analysis. A 
minimally invasive imaging technique, like TSPO PET, 
that can monitor the activity of PML lesions would be 

a significant improvement in the management of these 
patients. 

Mahler et al first verified the expression of TSPO in 
patients with natalizumab-associated PML. They his-
tologically explored TSPO-expressing cells in natali-
zumab-associated PML patients and showed the pres-
ence of predominantly microglia and blood-derived 
macrophages in PML lesions, thus confirming the use 
of TSPO PET for the investigation of PML-associated 
inflammation. Next, they followed a cohort of eight 
relapsing-remitting MS patients with natalizumab-
associated PML and used serial PET imaging and 
the TSPO radioligand 18F-GE-180 alongside regular 
brain MRIs. MRI showed gadolinium enhancement 
in PML lesions predominantly during the IRIS stage, 
which returned to baseline levels within a few weeks. 
TSPO PET imaging also showed an enhanced tracer 
uptake during the IRIS phase of PML. However, this 
was followed by a slow one phase decay curve, and 
elevated uptake was present for more than four years 
after PML diagnosis. This indicates that TSPO PET 
can be used to follow longitudinal inflammation in 
PML lesions, beyond the PML-IRIS phase. In some 
cases, increased uptake was seen before PML lesions 
became clearly visible on MRI and before contrast 
enhancement became apparent as part of PML-IRIS. 
This indicates that TSPO PET might be able to detect 
PML lesions at very early stages prior to detection on 
MRI.

In addition, they assessed the differences of TSPO PET 
signals in PML lesions vs. MS lesions from patients 
without PML. They compared 89 MS lesions and 23 
PML lesions and applied a set of criteria to distinguish 
these different lesion types. More than 96% of PML 
and MS lesions could be differentiated by using this 
specific diagnostic matrix. This is important, since 
patients can develop new clinical symptoms after 
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initial PML symptoms, especially if treatment has been 
paused. These symptoms could be secondary to an MS 
relapse or due to further progression of PML; differ-
entiation of these two etiologies is crucial because they 
require different management. In the study cohort, 13 
new lesions occurred over the course of the study. The 
established diagnostic matrix was applied, and 92.3% 
of new lesions were identified as MS lesions. Initia-
tion of B cell depleting treatments was started in three 
of the evaluated patients, and PET imaging showed a 
decrease of inflammation in new MS lesions, without 
affecting tracer uptake in the identified PML lesions.

n COMMENTARY
This is an important study, which used TSPO PET 
for the first time to assess natalizumab-associated 
PML. TSPO PET could provide an imaging tool for 
longitudinal monitoring of inflammation associated 
with PML and could allow for differentiation of MS 
activity from PML. Moreover, it might be used for the 
early detection of PML, since activity can be discov-
ered prior to clinical symptoms and prior to visibility 
on MRI. 

The authors discussed some of the challenges of the 
study, particularly, the small sample size of eight 
patients. A larger cohort will be warranted to robustly 
establish early detection of inflammation and to fol-
low inflammation longitudinally. Further exploration 
is needed to establish if TSPO PET can differentiate 
small PML lesions from MS lesions, particularly given 
the limited spatial resolution of PET. Also, the cost 
of PET imaging needs to be considered, as well as the 
feasibility and access to this type of imaging. PML is 
often fatal or leaves young patients disabled, so early 
detection is crucial. PML lesions can form months 
prior to development of clinical symptoms. Since 
PET might be used to detect inflammatory activity 
before detection on MRI, a poor outcome might be 
avoided and would argue for use of PET. In addition, 
PET imaging might offer a monitoring tool for other 
DMTs or could be translated for the monitoring of 
other inflammatory brain diseases and the use of new 
treatments. In conclusion, TSPO PET might expand 
our current imaging options for the early detection of 
PML and can be an important tool to longitudinally 
monitor inflammation associated with PML and other 
inflammatory diseases of the brain.  n

ABSTRACT & COMMENTARY

Gene and Substrate Therapy  
for Neurogenetic Disease: A Combined 
Approach to Treat Mitochondrial Myopathy
By Eric Mallack, MD
Assistant Professor of Pediatrics and Neurology, Division of Child Neurology, Weill Cornell Medical College; Director, 
Leukodystrophy Center at Weill Cornell Medicine

SYNOPSIS: A combined adenoviral-mediated gene therapy plus substrate therapy delivered to a mouse model of thymidine kinase 2 
(TK2) deficiency, manifested most often as a fatal mitochondrial myopathy in infants and children, rescued TK2 activity and prolonged 
animal lifespan, thus indicating a promising therapeutic approach for affected patients. 

SOURCE: Lopez-Gomez C, Sanchez-Quintero MJ, Lee EJ, et al. Synergistic deoxynucleoside and gene therapies for thymidine kinase 2 
deficiency. Ann Neurol 2021;90:640-652. 

Thymidine kinase 2 (TK2) phosphorylates mi-
tochondrial pyrimidines are necessary for the 

replication and maintenance of mitochondrial deoxy-
ribonucleic acid (DNA). Autosomal recessive muta-
tions in the TK2 lead to a progressive, and ultimately 
fatal, mitochondrial myopathy in infants and children. 
Treatment with TK2 substrates deoxycytidine and 
deoxythymidine (dC + dT therapy) has resulted in 
slowed disease progression and prolonged survival 
in affected patients; however, it has failed to halt the 
disease. Given the advancements in gene delivery 
using adenoviral-associated viral vectors, the authors 
employed a single adeno-associated virus 9 (AAV9)-
mediated gene transfer approach, a serial gene therapy 

delivery approach using a lower dose AAV9 then 
AAV2, and a third cohort treated with lower dose 
AAV9 + AAV2 + substrate therapy (dC + dT) in the 
treatment of the TK2 mouse model.

Survivorship was superior in the mice who underwent 
lower dose AAV9 + AAV2 + dC + dT therapy, fol-
lowed by the combination AAV9 + AAV2, followed by 
the high dose AAV9. However, survivorship did not 
approach wild-type (WT) for any of the above treat-
ment paradigms. Early functional assessments indicate 
that treatment with any of the three paradigms ap-
proximated WT. Apart from the kidneys, transfection 
of the gene was widespread, including in the brain and 
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muscle. End-stage renal disease contributed to early 
mortality in all TK2-mice, since the vector failed to 
readily transduce the kidneys in any of the experimen-
tal models. 

n COMMENTARY
The work by Lopez-Gomez et al represents substantial 
progress in both the treatment of a fatal neuroge-
netic disorder and in the treatment paradigm to do 
so; namely, combination gene therapy plus substrate 
therapy. The effectiveness of substrate therapy alone 
is restricted by residual enzyme activity (if any) and 
the effectiveness of alternate compensatory pathways, 
both of which become the rate limiting steps after the 
impaired pathway is saturated. In addition, substrates 
such as dC and dT are readily degraded and lack tis-
sue specificity.

The combined gene therapy approach in this study 
is novel and reflective of overall progress in the field. 
One can reasonably expect to see an increase of 
combined next-generation therapeutic approaches to 
treat devastating neurological disorders. Combined 
viral-mediated gene and targeted genetic therapy 
(e.g., antisense oligonucleotide therapy) presently are 
being explored to address residual disease and unmet 
clinical need in the setting of patients with spinal 
muscular atrophy who previously have received gene 
therapy or a gene-splicing modifier (RESPOND Study 
NCT04488133, ASCEND Study NCT05067790). 

Despite this innovative therapeutic approach, the chal-
lenges highlighted in this work — the most major of 

which is tissue specificity — are important. Systemic 
administration of viral-mediated gene therapy requires 
optimization to minimize off-target effects (e.g., liver 
toxicity1), maximize transduction of target tissue 
(muscle in TK2 deficiency), and to target transduction 
of tissue necessary to maintain survival (in this work, 
the kidney). Limitations imposed by tissue specificity 
currently are being addressed, with promising preclini-
cal results.2 

Overall, the results from multiple gene therapy trials 
designed to treat devastating neurological disorders of 
childhood are promising.1,3,4 Implementation of these 
therapies has led to novel, post-treatment residual 
disease natural history and a greater understanding 
of adverse events. The study of combined gene-based 
therapeutic approaches to address all of the above is 
the next step, and in some cases, already has begun.  n
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ABSTRACT & COMMENTARY

Infections Before Age 20 Years Increase  
the Risk of Multiple Sclerosis
By Hai H. Hoang, MD
Assistant Professor of Clinical Neurology, Weill Cornell Medical College

SYNOPSIS: The relationship between childhood infections and the risk of multiple sclerosis is supported by increasing evidence. Using 
the Swedish Total Population Register, researchers found that patients diagnosed with infection in adolescence showed an increased risk of 
multiple sclerosis, even after exclusion of infectious mononucleosis, pneumonia, and central nervous system infection. 

SOURCE: Xu Y, Smith KA, Hiyoshi A, et. al. Hospital-diagnosed infections before age 20 and risk of a subsequent multiple sclerosis 
diagnosis. Brain 2021;144:2390-2400.

There are many theories on the etiology of multiple 
sclerosis. Frequently cited in increasing the risk  

of multiple sclerosis is the involvement of infections. 
Two meta-analyses found that infectious mononucleo-
sis, a clinical manifestation of Epstein-Barr virus 
infection, in adolescents and young adults more than 
doubled the multiple sclerosis risk. Other infectious 
pathogens that have been linked with multiple  

sclerosis include human herpesvirus 6 (HHV-6) and  
Chlamydia pneumoniae. 

However, the underlying mechanism between infec-
tions and an increased risk of multiple sclerosis is not 
known. One theory includes the molecular mimicry 
hypothesis, which suggests that infectious agents with 
homologous sequences or structures to a host’s myelin 
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antigens could trigger cross-activation of autoreactive 
T cells to attack host tissue. Another theory suggests 
that macrophages and natural killer cells activated by 
infectious agents elsewhere in the body, such as the 
lungs, can result in pro-inflammatory cytokine produc-
tion and nonspecific activation of pre-primed T cells. 
This allows them to cross the blood-brain barrier, 
causing inflammation in the central nervous system 
(CNS), and inducing multiple sclerosis pathogenesis by 
triggering autoimmune responses against myelin. 

Xu et al used a large population-based cohort in Swe-
den to assess the risk of a multiple sclerosis diagnosis 
from age 20 years associated with hospital-diagnosed 
infection in adolescence (ages 11-19 years) and earlier 
childhood (between birth and age 10 years). The 
researchers hypothesized that during adolescence, 
environmental exposures are likely to be more caus-
ally associated with an increased risk of a subsequent 
diagnosis of multiple sclerosis and that exposures in 
earlier childhood are less likely to contribute to such a 
diagnosis.

A total of 462,157 and 338,352 individuals had hos-
pital-diagnosed infections between birth and age 10 
years and between ages 11 and 19 years, respectively. 
Only infections before age 20 years were considered in 
patients older than 25 years of age with first multiple 
sclerosis diagnosis, so that there was a delay of at least 
five years between exposure and multiple sclerosis 
diagnosis.

Any infection from birth to 10 years of age was not 
statistically significantly associated with an increased 
risk of a subsequent diagnosis of multiple sclerosis 
when compared to no infection from birth to 10 years 
of age. Those at greater risk of a multiple sclero-
sis diagnosis were individuals with any infection in 
adolescence, defined as at between the ages of 11 and 
19 years. Infectious mononucleosis in adolescence, be-

tween ages 11 and 19 years, increased the risk of being 
diagnosed with multiple sclerosis after adjustment for 
pneumonia, sex, and parental socioeconomic position. 
Viral infection (excluding infectious mononucleosis in 
adolescence) did not statistically significantly increase 
the risk of being diagnosed with a subsequent case of 
multiple sclerosis, compared with no viral infection. 
However, there was an increased risk of being diag-
nosed with multiple sclerosis associated with bacterial 
infection in adolescence, which remained statistically 
significant when individuals with bacterial infection 
but without CNS infection, infectious mononucleosis, 
and pneumonia diagnoses were compared with those 
without bacterial infection. 

This study concluded that any hospital-treated infec-
tion in adolescence increased the risk of a multiple 
sclerosis diagnosis from age 20 years, although the 
effect size was small (hazard ratio, 1.33). 

n COMMENTARY
Given that this study relied on patients hospitalized 
for an infection, the total number of infections in 
adolescence and earlier childhood was underestimated, 
because infections diagnosed in outpatient clinics 
were not included. Another limitation was the inabil-
ity to analyze the risk of a multiple sclerosis associ-
ated with specific types of CNS infection, because of 
small numbers of patients with multiple sclerosis and 
earlier CNS infections. Although this study was able 
to identify multiple infectious pathogens rather than a 
single pathogen contributing to the risk of a multiple 
sclerosis diagnosis, the study did not consider whether 
multiple infectious pathogens act independently or 
interact with each other in an additive or multiplier 
effect. Overall, this was a well-designed cohort study, 
which further supports the theory that infections dur-
ing childhood and adolescence may play a role in the 
underlying cause for multiple sclerosis.  n

ABSTRACT & COMMENTARY

Eculizumab for Refractory Myasthenia Gravis
By Michael Rubin, MD
Professor of Clinical Neurology, Weill Cornell Medical College

SYNOPSIS: Eculizumab, a monoclonal antibody that inhibits the C-5 complement terminal complex formation, is a safe and effective 
treatment for generalized myasthenia gravis with acetylcholine receptor auto-antibodies, even after failed treatment with other 
immunosuppressive regimens. 

SOURCE: Siddiqi ZA, Nowack RJ, Mozaffar T, et al. Eculizumab in refractory generalized myasthenia gravis previously treated with 
rituximab: Subgroup analysis of REGAIN and its extension study. Muscle Nerve 2021;64:662-669.

Chronic immunosuppressive therapy, including aza- 
 thioprine and mycophenolate, is one of the main-

stays of myasthenia gravis (MG) treatment, both for 
maintenance therapy and as long-term steroid sparing 
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agents. For the 10% of patients who remain refrac-
tory to conventional immunosuppressive therapy, 
individualized treatment is warranted with agents such 
as rituximab and eculizumab. Is eculizumab safe and 
effective in MG refractory to rituximab?

REGAIN was a Phase III, randomized, double-blind, 
placebo-controlled, multicenter trial across 76 hospi-
tals in 17 countries worldwide to determine the safety 
and efficacy of eculizumab in refractory, seroposi-
tive, generalized MG. MG Activities of Daily Living 
(MG-ADL) scale score did not statistically change, as 
measured by worst-rank analysis, over the 26-week 
primary endpoint, but an open-label extension (OLE) 
over three years demonstrated a rapid sustained im-
provement in MG-ADL. Some REGAIN enrollees had 
received rituximab prior to study entry, and this report 
is a post hoc analysis of these patients.

Eligible patients for REGAIN and OLE were des-
ignated as refractory if they remained symptomatic 
after 12 months of treatment, comprising at least two 
immunosuppressive agents, or one immunosuppressive 
agent coupled with intravenous immunoglobulin or 
plasma exchange. All had received Neisseria meningiti-
dis vaccination and were eligible for enrollment if they 
had received rituximab more than six months prior to 
screening. 

Eculizumab dosing comprised a four-week induction 
of 900 mg at day 1 and at weeks 1, 2, and 3, and 
1,200 mg at week 4, followed by a maintenance dose 
of 1,200 mg every two weeks for 26 weeks, which 
continued during the OLE period. Assessments of 
response included the MG-ADL, Quantitative MG 
(QMG), MG composite (MGC), and 15-item MG 
Quality of Life (MG-QOL15) questionnaire scores, 
and the MG Foundation of America (MGFA) post- 
intervention status. Statistical analysis was performed 
by quantifying change in scores using a restricted  

maximum-likelihood-based repeated-measures analy-
sis of change from baseline, with the data presented  
as least-squares (LS) means and 95% confidence 
intervals. 

Of 125 REGAIN participants, 14 previously had 
received rituximab, of which seven each were in the 
eculizumab and placebo arms, and all but one con-
tinued in the OLE. Those who received rituximab 
had been treated with a variety of regimens a median 
of 18.6 or 20.9 months prior to enrollment in the 
eculizumab or placebo arms, respectively. Compared 
to baseline, MG-ADL scores at 130 weeks significantly 
improved in both groups, with 66.7% and 65%, 
respectively, achieving an MGFA post-intervention 
status of minimal manifestations. Safety profiles were 
similar for both groups. Eculizumab appears to be safe 
and effective for refractory seropositive generalized 
MG, regardless of prior rituximab treatment. 

n COMMENTARY
Approved for seropositive generalized myasthenia gra-
vis (gMG) treatment, eculizumab is a C5 complement 
inhibitor, inhibiting the terminal complement complex, 
but also acting on lymphocytes. Reduced activation 
markers in memory cluster of CD4+ Tfh subsets, re-
duced frequencies of CXCR5+HLA-DR+CCR7+ Tfh 
subsets and CD11b+ migratory memory B cells, and 
increased regulatory T cell populations were found 
when comparing acetylcholine receptor autoantibody 
positive gMG patients after three or more months of 
eculizumab therapy to baseline. CD8+ T cell subsets 
that were terminally differentiated and senescent also 
were found to have increased, suggesting that eculi-
zumab, through complement inhibition, modulates 
adaptive immunity in MG.1  n

REFERENCE
1.  Yingkai L, Yi JS, Howard JF Jr, et al. Cellular changes in eculi-

zumab early responders with generalized myasthenia gravis.  
Clin Immunol 2021;231:108830.

The Latest Stroke Coverage from Relias Media

Written and edited by national stroke experts,  
Stroke 2022: Advances in Treatment and Care pro-
vides the latest on stroke risk and prevention, acute 
stroke treatment, cutting-edge stroke research, post-
stroke care and rehabilitation, and legal issues around 
stroke care.

Includes:
• Unbiased, clinically relevant information
• Expert analysis and commentary
• Stroke-specific continuing education credits
• Downloadable, easy-to-read PDF format 

Visit ReliasMedia.com

Earn up to

8 
CME/CE 
Credits



Interested in reprints or posting an article to your 
company’s site? There are numerous opportunities for 
you to leverage editorial recognition for the benefit of 
your brand.
Call us: (800) 688-2421
Email us: reliasmedia1@gmail.com

For pricing on group discounts, multiple copies,  
site licenses, or electronic distribution, please contact  
our Group Account Managers at: 

Phone: (866) 213-0844
Email: groups@reliasmedia.com

To reproduce any part of Relias Media newsletters for 
educational purposes, please contact:

The Copyright Clearance Center for permission
Email: info@copyright.com
Phone: (978) 750-8400

EDITORIAL GROUP MANAGER
Leslie Coplin
EDITOR
Jason Schneider
EXECUTIVE EDITOR
Shelly Morrow Mark
ACCREDITATIONS DIRECTOR
Amy M. Johnson, MSN, RN, CPN

EDITOR IN CHIEF
Matthew E. Fink, MD
Louis and Gertrude Feil Professor and 
Chair, Department of Neurology
Associate Dean for Clinical Affairs
NYP/Weill Cornell Medical College

PEER REVIEWER
Frank Petito, MD
Professor of Clinical Neurology
Weill Cornell Medicine

ASSISTANT EDITORS  
John J. Caronna, MD 
Professor Emeritus, Clinical Neurology; 
Specialty area, Stroke and General 
Neurology

Susan A. Gauthier, DO, MPH
Assistant Professor of Neurology; 
Specialty area, Multiple Sclerosis

Claire Henchcliffe, MD, DPhil
Associate Professor of Neurology 
and Neuroscience;  
Specialty area, Movement Disorders

Dara G. Jamieson, MD
Associate Professor of Clinical Neurology; 
Specialty area, Headache

Padmaja Kandula, MD
Assistant Professor of Neurology; 
Specialty area, Epilepsy

Louise M. Klebanoff, MD
Assistant Professor of Clinical Neurology; 
Specialty area, General Neurology

Dana Leifer, MD
Associate Professor of Clinical Neurology; 
Specialty area, Stroke

Michael Rubin, MD, FRCP(C)
Professor of Clinical Neurology;  
Specialty area, Neuromuscular Disorders

Joseph Safdieh, MD
Vice Chair and Associate Professor;  
Specialty area, Neurology Education

Alan Z. Segal, MD
Associate Professor of Clinical Neurology; 
Specialty area, Stroke and Critical Care

CME QUESTIONS

CME OBJECTIVES

Upon completion of this educational activity, participants should be able to:
• discuss current scientific data regarding the diagnosis and treatment of neurological disease;
• discuss the pathogenesis and treatment of pain;
• describe the basic science of brain function;
• discuss new information regarding new drugs for commonly diagnosed neurological conditions and new 

uses for traditional drugs;
• identify nonclinical issues of importance for the neurologist.

1.  According to the study by Johnson et al, which 
of the following is more common in patients 
with small fiber neuropathy? 
a. Risk of myocardial infarction
b. Diabetes
c. Autonomic dysfunction
d. All of the above

2.  Which of the following statements regarding 
progressive multifocal leukoencephalopathy 
(PML) is correct?
a. PML is an autoimmune complication of 
multiple sclerosis (MS) treatment.
b. PML is a viral infection in an immune-
suppressed person.
c. JC virus is rarely found in the healthy 
population.
d. JC virus is rarely found in the MS 
population.

3.  Adenovirus-mediated gene therapy combined 
with missing substrate is a potential therapy 
for otherwise fatal mitochondrial diseases.
a. True 
b. False 

4.  Multiple sclerosis developing after 25 years 
of age may be triggered by which of the 
following?
a. Traumatic brain injury during adolescence
b. Bacterial infections in early childhood, 
from birth to age 10 years 
c. Any infection in adolescence, from ages 11 
to 19 years  
d. Viral infection, excluding infectious 
mononucleosis

5.  Which of the following statements about 
eculizumab is correct? 
a. Eculizumab is a C5 complement terminal 
complex inhibitor. 
b. Eculizumab is not effective for the 
treatment of generalized myasthenia gravis.
c. Eculizumab should not be administered to 
patients with generalized myasthenia gravis if 
they received rituximab previously.
d. Eculizumab is the first-line treatment for 
generalized myasthenia gravis.
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