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ABSTRACT & COMMENTARY

Long-Term Treatment of Hereditary 
Amyloid Neuropathy with Patisiran
By Norman Latov, MD, PhD
Professor of Neurology and Neuroscience, Weill Cornell Medical College; Director of the Neuropathy Center, Weill 
Cornell Medicine

SYNOPSIS: Hereditary transthyretin-mediated amyloidosis with polyneuropathy is effectively treated by patisiran, a lipid nanoparticle 
ribonucleic acid interference that binds to transthyretin (TTR) messenger RNA and inhibits TTR production in the liver, resulting in 
reduction of the serum TTR concentration. Treatment effect has been sustained during a five-year open-label extension study.

SOURCE: Adams D, Polydefkis M, Gonzalez-Duarte A, et al. Long-term safety and efficacy of patisiran for hereditary transthyretin-
mediated amyloidosis with polyneuropathy: 12-month results of an open-label extension study. Lancet Neurol 2021;20:49-59. 

In an interim 12-month analysis of an ongoing 
five-year open-label extension trial of patisiran 
in patients with hereditary transthyretin- 

mediated amyloidosis (hTTRA), continued treat-
ment with patisiran appeared to maintain efficacy 
with an acceptable safety profile. The trial involved 
211 patients at 43 clinical centers in 19 countries 
who completed Phase II or Phase III trials previ-
ously, that showed that patisiran reduced serum 
concentrations of transthyretin (TTR), with sig-
nificant improvement in the neuropathy. Based on 
those studies, patisiran was approved by the Food 
and Drug Administration for treatment of hTTRA 
in 2018. 

The aim of the extension trial was to assess the 
long-term efficacy and safety of patisiran, admin-
istered by infusion every three weeks. The primary 
outcome measure was the modified Neuropathy 
Impairment Score +7 (mNIS+7) and secondary 
measures included quality of life, autonomic symp-
toms, nutritional status, disability, ambulation sta-
tus, motor function, and cardiac stress. Of the 211 
patients in the extension trial, 189 completed the 
12-month efficacy assessment. The interim analysis 
showed that in patients treated previously with pa-
tisiran, the improvement in the outcome measures 
was maintained through the extension period, and 
that in patients previously on placebo, treatment 
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with patisiran resulted in improvement 
of the neuropathy with reduction of se-
rum TTR concentrations consistent with 
the results of the prior clinical trials. 

In the course of the study, 21 subjects 
(10%) died, nine were withdrawn 
because of adverse events, four were 
withdrawn as the result of physician 
or patient decisions, and 39% reported 
serious adverse events. These events were 
largely the result of amyloidosis-related 
cardiac or renal disease rather than a 
result of the drug itself and occurred 
more often in patients with more severe 
neuropathy and greater disease who 
previously were in the placebo group. 
Overall, adverse events were reported in 
97% of the patients, with the majority 
mild or moderate in severity and tempo-
rally related to the infusions. 

n COMMENTARY
A rare disease that is estimated to affect 
approximately 10,000 people globally, 
hTTRA is caused by mutations in the 
TTR gene that promote aggregation of 
TTR and deposition of amyloid fibrils in 
the peripheral nerves, heart, and other 
tissues. Typically, patients develop neu-
ropathy and cardiomyopathy which, if 
left untreated, have a median survival of 
four to seven years after diagnosis. 

Patisiran is a lipid nanoparticle ribonu-
cleic acid interference (RNAi) that binds 
to TTR messenger RNA and inhibits 
TTR production in the liver, resulting in 
reduction of the serum TTR concentra-
tion. In a previous Phase III trial, treat-
ment with patisiran for 18 months was 
shown to reduce serum TTR concen-
tration and to improve motor, sensory, 
and autonomic nerve functions, with a 
similar incidence of adverse events as in 

the placebo group. The current interim 
analysis of an ongoing, five-year open-
label extension study showed that the 
improvement was sustained for a period 
of 12 months on continued treatment, 
with an acceptable safety profile. 

Historically, hTTRA neuropathy was 
treated by liver transplant, which slowed, 
but did not prevent, progression of the 
neuropathy. More recently, treatment 
with inotersen, an antisense nucleotide 
inhibitor of TTR protein synthesis, also 
was reported to result in sustained im-
provement.1 The availability of effective 
therapy that can maintain improvement 
increases the importance of early diag-
nosis and treatment that can prevent 
irreversible damage and progression to 
disability and death. The diagnosis of 
hTTRA neuropathy should be considered 
in anyone with neuropathy of otherwise 
unknown etiology, and especially if there 
is autonomic involvement, or if it is asso-
ciated with cardiac or renal disease. Less 
common presentations include carpal 
tunnel syndrome, spinal stenosis, small 
fiber neuropathy, or chronic inflamma-
tory demyelinating polyneuropathy that 
is resistant to therapy. Diagnosis involves 
deoxyribonucleic acid testing, biopsy, 
and amyloid typing.2  n
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ABSTRACT & COMMENTARY

Gluten/Celiac Disease Neuropathy
By Michael Rubin, MD
Professor of Clinical Neurology, Weill Cornell Medical College

SYNOPSIS: Gluten neuropathy should be suspected in any patient who presents with a neuropathy and has a 
history of gastrointestinal disease. The diagnosis is made using blood serology plus intestinal mucosal biopsy. 

SOURCE: Zis P, Sarrigiannis P, Artemiadis A, et al. Gluten neuropathy: Electrophysiological progression and 
HLA associations. J Neurol 2021;268:199-205.
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Sensitivity to dietary gluten and related proteins in 
genetically predisposed persons carrying human 

leukocyte antigen (HLA) DR3-DQ2 and/or DR4-
DQ8, results in an immune-mediated small bowel 
inflammatory disease, known as celiac disease or 
gluten-sensitive enteropathy, classically manifesting 
with gastrointestinal symptoms, including diarrhea, 
flatulence, and weight loss, but also with neuropsy-
chiatric symptoms including peripheral neuropathy, 
headache, ataxia, epilepsy, depression, and anxiety. 
Describing the progression of gluten neuropathy 
(GN) over time, and the role of genetic susceptibil-
ity in its development, were the aims of this study.

Conducted at the Sheffield Institute of Gluten 
Related Diseases, Sheffield, UK, this cohort study 
involved 45 GN patients, over a mean follow-up 
period of 8 ± 5 years. Inclusion criteria required 
patients age 18 years or older who were able to pro-
vide written consent, with serologic evidence of glu-
ten sensitivity (antigliadin immunoglobulin G [IgG] 
and/or immunoglobulin A [IgA], endomysial, or 
transglutaminase antibodies), electrodiagnostically 
proven peripheral neuropathy, and absence of other 
potential causes of neuropathy. Normalization of 
circulating antigliadin IgG and/or IgA, endomysial, 
and/or transglutaminase antibodies was considered 
evidence of adherence to a strict gluten-free diet. 

All patients underwent an electrodiagnostic study 
at enrollment and another at least one year later. 
Using sequence-specific primers, HLA-DQ typing 
was performed using the polymerase chain reac-
tion. Statistical analysis included Fisher’s exact test, 
the Mann-Whitney U test, the Chi-square test, and 
Yates correction as appropriate.

Among 45 consecutive patients with GN, 73.3% 
were male, the mean age of onset was 56 ± 12 years, 
and the mean age of diagnosis was 60 ± 12 years. 
Numbness (36%), tingling (18%), and pain (13%) 
were the most common initial symptoms, with 9% 
presenting with weakness and/or fasciculations. 
Length-dependent neuropathy was seen in 75.6%, 

and sensory ganglionopathy in the remainder, with 
the former more likely to carry the DQB1*06 allele 
and the DQA1*01/DQB1*06 haplotype, and the 
latter more likely to be DQA1*02-positive rather 
than negative (P = 0.009). 

Nerve conduction studies showed a linear dete-
rioration over time in the amplitudes of the radial 
and sural sensory nerves and tibial motor nerves, 
independent of age or gender. Gluten neuropathy is 
a late manifestation of gluten intolerance, it usually 
is a length-dependent neuropathy that deteriorates 
in a linear fashion over time, and HLA genotyping 
can help identify patients at risk for developing this 
complication.

n COMMENTARY
Although the pathogenesis of celiac disease remains 
unclear, the gastrointestinal microbiome composi-
tion may play a central role. Ingestion of gluten is 
needed to initiate the disease, and recent evidence 
suggests that earlier age of disease onset may be 
related to the amount of gluten ingested in infancy. 
Abnormal permeability of the intestinal lining, 
perhaps a consequence of intestinal viral infection, 
allows entry of incompletely degraded gliadin pep-
tides, and this is thought to be the initial event in 
disease pathogenesis. 

Gliadin appears to have a direct toxic effect on the 
mucosa, resulting in immediate modification, within 
an hour, of the mucosal microenvironment, fol-
lowed by involvement of T cells and full-blown mu-
cosal changes characteristic of the disease. Although 
serologic markers are highly specific for the diag-
nosis, confirmation in adults still requires duodenal 
biopsies, although for the pediatric population, a 
“biopsy avoidance strategy” is afoot. 

Therapeutic trials currently in progress offer prom-
ising nondietary treatment for celiac patients, 
including latiglutenase, an orally administered mix-
ture of two enzymes that degrade gluten proteins.  n
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ABSTRACT & COMMENTARY

Efficacy and Safety of Cannabidiol  
in Treatment of Focal Seizures Associated  
with Tuberous Sclerosis Complex
By Pegah Afra, MD
Associate Professor of Neurology, Weill Cornell Medical College; Associate Attending Neurologist; New York-
Presbyterian Hospital; Adjunct Associate Professor, University of Utah

SYNOPSIS: Cannabidiol used as an add-on therapy for intractable focal seizures in patients with tuberous sclerosis complex was efficacious. 
Cannabidiol also had an acceptable adverse event profile, but frequently induced transient elevation of liver enzymes. 

SOURCE: Theile EA, Bebin EM, Bhathal H, et al. Add-on cannabidiol treatment for drug-resistant seizures in tuberous sclerosis complex: A 
placebo-controlled randomized clinical trial. JAMA Neurol 2020; Dec 21:e204607. doi:10.1001/jamaneurol.2020.4607. [Online ahead of 
print].

The efficacy of purified cannabidiol (CBD) 
derived from Cannabis sativa L. has been 

demonstrated in Lennox-Gastaut syndrome (LGS) 
and Dravet syndrome (conditions associated with 
generalized seizures).1-4 This study investigated the 
safety and efficacy of CBD in treating focal seizures 
associated with tuberous sclerosis complex (TSC), 
an autosomal dominant disorder caused by se-
quence variations in the TSC1 and/or TSC2 genes, 
encoding hamartin and tuberin, which are linked to 
the mammalian target of rapamycin (mTOR) kinase 
signaling pathway.5 

TSC is characterized by cortical tubers, white matter 
heterotopias, subependymal nodules, and subepen-
dymal giant cell astrocytomas (SEGAs) in the brain. 
Epilepsy is the most common neurological manifes-
tation, seen in 85% of patients with TSC, with 60% 
of patients having intractable medication-resistant 
epilepsy.6 

This was a Phase III, international, double-blind, 
parallel-group, randomized clinical trial of purified 
CBD derived from Cannabis sativa L. (100 mg/mL 
oral solution). The study design consisted of four 
weeks of baseline period (during which baseline sei-

zure frequency was obtained) followed by 16 weeks 
of treatment period. The treatment period consisted 
of four weeks of titration period (during which 
study drug was escalated) and 12 weeks of mainte-
nance period (during which participants received a 
stable dosage of study drug). Following the 16-week 
treatment period, there was a 10-day taper period, 
followed by four weeks of a safety followup period. 

For the purpose of the study, the authors defined 
TSC-associated seizures as focal motor seizures 
without impairment of awareness (IOA), focal sei-
zures with IOA, focal seizures evolving to bilateral 
motor seizures, and generalized seizures (tonic- 
clonic, tonic, clonic, or atonic). TSC-associated 
seizures did not include absence, myoclonic, or focal 
sensory seizures, or infantile/epileptic spasms.

Eligibility criteria included definite diagnosis of 
TSC, medication-resistant epilepsy, taking at least 
one antiseizure medication (ASM), and eight TSC-
associated seizures during the baseline period (four 
weeks), with at least one seizure occurring in three 
of the four weeks. Exclusion criteria consisted of 
a history of nonepileptic seizures, clinically signifi-
cant illness other than epilepsy, epilepsy surgery 
in the six months before screening, felbamate use 
for less than one year before screening, and use of 
oral mTOR inhibitors (everolimus and sirolimus). 
Patients were randomized to three groups: CBD25 
(receiving 25 mg/kg/day), CBD50 (receiving 50 mg/
kg/day), and placebo. 

The primary endpoint was the change from baseline 
in the number of TSC-associated seizures during 
the 16 weeks of the treatment period. There were 
several secondary outcomes, including the propor-
tion of patients who had at least 50% reduction 

[This was a Phase III, international, 

double-blind, parallel-group, randomized 

clinical trial of purified cannabidiol derived 

from Cannabis sativa L. (100 mg/mL oral 

solution).]
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from baseline in primary endpoint seizures and total 
seizures (i.e., all types of seizures), and change from 
baseline overall condition as reported by the partici-
pant or parent.

Between April 6, 2016, and Oct. 4, 2018, 255 
patients were assessed at 46 sites, and 224 patients 
were randomized to the three groups. All patients 
had intractable seizures with CBD being, on aver-
age, the eighth instituted medication. The reduction 
from baseline in the type of seizures considered 
the primary endpoint was 48.6% (95% confidence 
interval [CI]) in the CBD25 group, 47.5% (95% CI) 
in the CBD50 group, and 30.1% (95% CI) in the 
placebo group. The secondary outcome of 50% re-
duction from baseline in primary endpoint seizures 
was 36% of the CBD25 group, 40% of the CBD50 
group, and 22% of the placebo group. 

Overall, 16.9% of patients taking CBD had a 75% 
reduction in seizure frequency vs. none in the pla-
cebo group. One patient in the CBD25 group was 
seizure-free during the entire treatment period, and 
four patients in the CBD25 group and two patients 
in the CBD50 group, but none in the placebo group, 
were seizure-free during the maintenance period. 
Improvement from baseline in overall condition was 
reported in 69% of the CBD25 group, 62% of the 
CBD50 group, and 39% of the placebo group.

The most common adverse events (AE) were diar-
rhea, somnolence, decreased appetite, and elevation 
in liver transaminase levels. In patients taking CBD 
with clobazam, somnolence, rash, and pneumonia 
occurred more frequently. The most common AEs 
leading to discontinuation were rash, alanine trans-
aminase (ALT) elevation, somnolence, and urticaria. 

Serious AEs (elevated liver enzymes) were reported 
in 21% of the CBD25 group, 14% of the CBD50 
group, and 3% of the placebo group. No deaths 
were reported. Serum aminotransferase elevations 
greater than three times the upper limit of normal 
range occurred in 28 patients (18.9% of CBD25 
and 12% of CBD 50, but none in the placebo 
group). Twenty-two of 28 were taking concomitant 
valproate. Most elevations resolved within 30 days 
of starting treatment, either spontaneously or fol-
lowing treatment discontinuation or after CBD or 
ASM dosage reduction. 

n COMMENTARY
From a standpoint of safety, the CBD profile in TSC 
is consistent with LGS and Dravet studies.1-4 The 
most common AEs included somnolence and seda-
tion (especially in the presence of clobazam),  
as well as CBD-associated risk of transaminase 

elevation and drug-induced liver injury (specifi-
cally when used with valproate [VPA]). There was a 
difference between the CBD25 and CBD50 groups, 
with higher AEs and serious AEs in the CBD50 
group. The most frequent AE leading to withdrawal 
was CBD-associated transaminase elevation, which 
was more pronounced in those with baseline eleva-
tions of ALT, taking concomitant VPA, and/or 
CBD50. All patients with drug-induced liver injury 
recovered. It was concluded that CBD had an ac-
ceptable safety profile.
 

Regarding efficacy, this study confirms the effi-
cacy of CBD as add-on therapy of primarily focal 
seizures associated with TSC. This is in line with 
known efficacy of CBD as add-on therapy for gen-
eralized seizures of LGS and Dravet syndrome.1-4 
There was no difference in efficacy between CBD25 
and CBD50. There is a drug-drug interaction 
between CBD and clobazam, resulting in increased 
exposure to active metabolites of each drug.  n
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[An orthostatic headache was the 

most common (92%) symptom, with 

holocephalic or occipital locations 

predominating.]

ABSTRACT & COMMENTARY

Spontaneous Intracranial Hypotension 
Syndrome
By Matthew S. Robbins, MD, FAAN, FAHS
Neurology Residency Program Director, Associate Professor of Neurology, Weill Cornell Medical College, New York-
Presbyterian Hospital

SYNOPSIS: A systematic review of spontaneous intracranial hypotension demonstrates heterogeneity in clinical and radiographic 
presentations. Diagnostic studies, such as brain imaging and lumbar puncture, may be unrevealing, and the clinician may have to rely on 
symptom patterns alone to make a diagnosis. 

SOURCE: D’Antona L, Merchan MAJ, Vassiliou A, et al. Clinical presentation, investigation findings, and treatment outcomes of 
spontaneous intracranial hypotension syndrome: A systematic review and meta-analysis. JAMA Neurol 2021; Jan 4:e204799. doi:10.1001/
jamaneurol.2020.4799. [Online ahead of print].

In this study, D’Antona and colleagues conducted 
a systematic review on spontaneous intracranial 

hypotension. Their aim was to collect data on clini-
cal presentations, diagnostic testing, and treatment 
to lead to better understanding of this often vexing 
and debilitating neurological disorder and to gener-
ate clinical practice recommendations.

The authors included studies featuring ≥ 10 pa-
tients, with the systematic review ultimately com-
prised of 144 articles, none of which were random-
ized controlled trials. The mean age of clinical 
presentation was 42.5 years, with 63% women. An 
orthostatic headache was the most common (92%) 
symptom, with holocephalic or occipital locations 
predominating. Nausea, vomiting, neck stiffness, 
and vestibulocochlear symptoms were the most 
common accompaniments. 

Brain magnetic resonance imaging (MRI) revealed 
73% with pachymeningeal enhancement, 35% with 
subdural collections, 43% with brain sagging, 57% 
with venous engorgement, and 38% with pituitary 
enlargement. Notably, brain MRI was unremarkable 
in 19%. The yield of spine imaging was hetero-
geneous given the low number of subjects in the 
studies, with the thoracic spine being the most com-
mon leak site identified in 41%. Two-thirds (67%) 
of patients had low opening pressure on lumbar 
puncture. 

Twenty-eight percent of patients had symptom reso-
lution with conservative therapy, such as bed rest 
and hydration. Autologous large volume epidural 
blood patch was more effective than lower volumes, 
without significant adverse effects, and a variety of 
surgical techniques were described with low num-
bers of patients in studies.

n COMMENTARY
This systematic review and meta-analysis provide a 
comprehensive study on cerebrospinal fluid (CSF) 
leaks, which cause spontaneous intracranial hypo-
tension/hypovolemia. The importance of this meta-
analysis is enhanced, given the lack of large studies 
or randomized trials in the literature. 

CSF leaks can have a variety of causes, and this 
study did not stratify by etiology, such as meningeal 
diverticulum, ventral tears from a discogenic source, 
or CSF-venous fistulas, which may have differing 
demographics, clinical presentations, and treatment 
responses.

In addition to an orthostatic headache, more specific 
headache phenotypes have been identified in spon-
taneous intracranial hypotension, such as exertional 
headache or a “second half of the day” headache, 
that were not addressed in this review. However, 
clinical pearls were reinforced by this systematic 
review. 

Although orthostatic headache is the most common 
presentation, and CSF leaks feature characteristic 
neuroimaging findings, neither is sufficient nor 
necessary to make the diagnosis, with the corollary 
that empiric treatment with an epidural blood patch 
still should be considered in the absence of a more 
plausible diagnosis.  n
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ABSTRACT & COMMENTARY

Stem Cell Transplantation for MS Treatment 
By Timothy Vartanian, MD, PhD
Professor of Neurology and Neuroscience, Weill Cornell Medical College; Director, Judith Jaffe Multiple Sclerosis Center

SYNOPSIS: In this small study of the effect of mesenchymal stem cell treatment, both intravenous and intrathecal, in patients with 
progressive multiple sclerosis, the treatment was shown to be safe, and there was a trend showing some benefit in slowing disease 
progression, compared to the sham group. A larger randomized controlled trial is needed to confirm these early findings.

SOURCE: Petrou P, Kassis I, Levin N, et al. Beneficial effects of autologous mesenchymal stem cell transplantation in active progressive 
multiple sclerosis. Brain 2020:143;3574-3588. 

Progressive forms of multiple sclerosis (MS) 
largely remain refractory to treatment. Two clini-

cal trials (anti-CD20 in primary progressive MS, 
and S1P antagonist in secondary progressive MS) 
have reported a benefit of disease-modifying thera-
pies in progressive MS. However, in both of these 
progressive trials, clinical benefit, in part, seemed to 
be driven by the effects of these agents on relapsing- 
remitting pathophysiology based on subgroup anal-
ysis of patients with gadolinium contrast enhancing 
lesions and new and enlarging T2 lesions. 

This all begs the question as to whether we truly are 
able to effectively target the underlying pathophysi-
ology of progressive MS and achieve meaningful 
clinical effect. Autologous mesenchymal stem cell 
(MSC) transplantation has shown promise in animal 
models, but results from human studies have been 
mixed. The MSC study reported by Petrou et al is 
intriguing and certainly warrants a larger, multisite 
study. In this study, 200 patients were screened, 152 
patients were excluded, and 48 patients were en-
rolled into three groups: placebo, MSC administered 
intravenously (MSC-IV), and MSC administered 
intrathecally (MSC-IT). Following randomization, 
patients were treated with placebo, MSC-IV, or 
MSC-IT for six months, at which time each of the 
three initial treatment groups (n = 16 per group) 
were subdivided for treatment during the second six 
months: 16 placebo moved into eight MSC-IV and 
eight MSC-IT; 16 MSC-IV moved into eight MSC-
IV and eight placebo; and 16 MSC-IT moved into 
eight MSC-IT and eight placebo. The primary end-
points were safety and progression on the Expanded 
Disability Status Scale (EDSS). The inclusion criteria 
in this study are important to understand and 
required either a diagnosis of active progressive MS 
(evidence of relapse or magnetic resonance imaging 
[MRI] activity) or worsening on the EDSS based on 
the revised designation of progressive MS subtypes.1 

The results of the study are intriguing. With respect 
to safety, overall, the study supported the safety of 
MSC transplant IV or IT. There were three serious 

adverse events: an upper respiratory tract infection 
and two MS relapses requiring hospitalization. Of 
the two serious relapses, one occurred in the place-
bo group in the first six months (during the placebo 
phase of this group) and the second occurred in the 
MSC-IT group during the MSC-IT cycle. In terms 
of efficacy, an analysis of the percentage of patients 
showing treatment failure defined as an increase in 
EDSS score of one point for patients with baseline 
EDSS values ≤ 5, and half a point for patients with 
baseline EDSS values > 5.0. The EDSS ascertainment 
was performed at the end of the six-month treat-
ment periods; that is, at six and 12 months. Treat-
ment failure was significantly lower in the MSC-IT 
(6.7%) and MSC-IV groups (9.7%) compared with 
the placebo-treated patients (41.9%), and there 
was no significant difference between the IT and IV 
groups. Similar benefit was observed in the analysis 
of the functional systems scores. Analysis of the 
timed 25-foot walk, nine-hole peg test, and ambula-
tion index all supported the active treatment arms. 

Significantly more patients in the MSC-IT and 
MSC-IV groups showed improvement in EDSS 
compared to those who received sham treatment by 
approximately 0.4 to 0.5 EDSS point at six months. 
Although these might not seem to be large changes, 
this study is of relatively short duration for a pro-
gressive trial, and observable treatment effects in 
this time frame are impressive.

n COMMENTARY
However, the question remains, is the treatment 
targeting relapsing-remitting pathophysiology, 
progressive pathophysiology, or potentially both? 
Relapsing-remitting pathophysiology is the most 
thoroughly studied in MS and consists of focal or 
multifocal inflammatory demyelination centered on 
a post-capillary venule with some degree of associ-
ated axonal injury. Progressive pathophysiology in 
MS is not so clearly defined, but many high-quality 
studies support gradual neurodegeneration as  
the result of oxidative and metabolic stress associ-
ated with the chronically demyelinated axon and 
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CME QUESTIONS

1.  Which of the following statements regarding 
the neuropathy caused by hereditary 
transthyretin-mediated amyloidosis (hTTRA) 
is correct?
a. It often is diagnosed in children.
b. It is a benign, non-progressive disorder.
c. It may progress to serious disability and 
death. 
d. There is no effective treatment for hTTRA 
neuropathy.

2.  Which of the following statements about 
gluten neuropathy (GN) is correct?
a. GN is an early manifestation of gluten 
intolerance.
b. GN usually is a length-dependent 
neuropathy. 
c. GN usually deteriorates in a step-like 
fashion over time.
d. GN is not related to any particular human 
leukocyte antigen genotype.

3.  Concomitant use of which of the following 
medications with cannabidiol in the study 
by Theile et al resulted in exposure to active 
metabolites of both drugs and, therefore, 
somnolence and sedation?
a. Felbamate
b. Sirolimus

c. Everolimus
d. Clobazam 

4.  A 41-year-old woman developed the 
spontaneous onset of an orthostatic headache 
after lifting a heavy box in her apartment. 
Brain magnetic resonance imaging (MRI) with 
and without gadolinium was unremarkable. 
Hydration, bed rest, and repeated doses of 
naproxen did not provide any relief. Which 
of the following statements about treatment is 
true?
a. The unremarkable brain MRI excludes 
spontaneous intracranial hypotension.
b. The next step in management is a large 
volume epidural blood patch. 
c. A lumbar puncture to confirm low opening 
pressure would be diagnostic.
d. A surgical therapy should be pursued next.

5.  Mesenchymal stem cell therapy for the 
treatment of progressive multiple sclerosis 
has been approved by the Food and Drug 
Administration.
a. True
b. False 

smoldering innate immune activity. It is 
useful to look at indicators of relapsing-
remitting pathophysiology, such as relapse 
rate (relapses per patient in this study), 
new or enlarging T2 lesions, or gadolin-
ium contrast enhancing lesions. Relapses 
per patient were reduced in the MSC-IT 
vs. sham group (0.06 vs. 0.56) which was 
highly significant. For the MSC-IV vs. 
sham group, the relapse per patient results 
trended to significance (0.28 vs. 0.56,  
P = 0.052). 

A significant change was observed in 
the T2 lesion volume change comparing 
MSC-IT vs. sham, but not MSC-IV vs. 
sham. These results show that some of  
the benefit of active treatment probably 
comes from affecting relapsing-remitting 
pathophysiology.

Important features of this study are the 
rigorous efforts toward adequate blinding 
of subjects and the examining neurologist. 
In addition, the size of the study exceeds 
many of the previously published stem cell 
trials in MS. Finally, the thorough analysis 

of clinical and MRI parameters provides 
the reader with sufficient data to assess 
results.

The results of the Petrou et al study are 
promising and certainly warrant a larger, 
multisite, double-blinded study of au-
tologous MSC transplantation in MS. 
The problem with almost all progressive 
studies in MS is the relatively high degree 
of relapsing-remitting disease activity that 
exists in the study population, which al-
ways leads to ambiguity as to whether the 
treatment effect is on relapsing disease or 
progressive disease. I favor a study design 
that excludes patients with any evidence 
of relapsing-remitting disease activity in 
the two years prior to initiating treatment 
and examines the treatment effect to the 
best degree possible in a patient popula-
tion or in functional systems that are 
solely progressive.  n
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