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Abstract

Objective: To identify differences in demographics, disease characteristics, treatments, and co-morbidities between patients
with ‘‘amyotrophic lateral sclerosis (ALS) reversals’’ and those with typically progressive ALS. Methods: Cases of possible
ALS reversals were found in prior publications, in the Duke ALS clinic, through self-referral or referral from other
Neurologists, and on the internet. Of 89 possible reversals identified, 36 cases were included because chart or literature
review confirmed their diagnosis and a robust, sustained improvement in at least one objective measure. Controls were
participants in the Pooled Resource Open-Access ALS Clinical Trials database and the National ALS Registry. Cases and
controls were compared using descriptive statistics. Results: ALS reversals were more likely to be male, have limb onset
disease, and initially progress faster. The prevalences of myasthenia gravis (MG) and purely lower motor neuron disease in
cases were higher than estimates of these prevalences in the general population. The odds of taking curcumin, luteolin,
cannabidiol, azathioprine, copper, glutathione, vitamin D, and fish oil were greater for cases than controls. Conclusions:
When compared to patients with typically progressive ALS, patients with reversals differed in their demographics, disease
characteristics, and treatments. While some of these patients may have had a rare antibody-mediated ALS mimicker, such
as atypical myasthenia gravis, details of their exams, EMGs and family histories argue that this was unlikely. Instead, our
data suggest that ALS reversals warrant evaluation for mechanisms of disease resistance and that treatments associated with
multiple ALS reversals deserve further study.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a devastating

and almost universally fatal neurodegenerative dis-

ease. Very rarely, a person who is diagnosed with

ALS stops progressing and regains significant motor

function. Studying these ‘‘ALS reversals’’ could

uncover an under-recognized mimic syndrome, a

genetic mechanism of ALS resistance, or possibly an

effective treatment. Here, we compile verified cases

of ALS reversals into a database to compare their

demographics, disease characteristics, treatments,

and co-morbidities to those of patients with more

typically progressive ALS.

Methods

Data sources and study design

This was a case-control study. Potential cases were

identified in prior peer-reviewed publications

(n¼ 23), in the Duke ALS clinic (n¼ 3), through
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self-referral or referral from other neurologists

(n¼ 40), and from non-peer-reviewed anecdotes

posted on the internet (n¼ 23). Patients in whom

we could independently confirm an ALS or pro-

gressive muscular atrophy (PMA) diagnosis and a

robust, sustained improvement in at least one

objective measure through either chart or literature

review (‘‘ALS reversals’’) were included. Cases with

ALS diagnoses met El Escorial-Revised and/or

Awaji criteria (1,2). Reversals were most often

measured by resolution of denervation on electro-

myogram (EMG), improved strength on manual

muscle testing, and/or gains of at least 4 points on

the ALS Functional Rating Scale-Revised

(ALSFRS-R). In several instances, patients with

only extraordinary improvements in activities of

daily living were included. For example, we included

one case who, at nadir, was unable to stand and after

her improvement was able to walk several miles but

did not have a formally documented strength exam.

Patients with a relapse back to or below their

previous nadir were excluded.

Details on the demographics, diagnoses, rever-

sals, treatments, and co-morbidities of cases were

compiled into a database. Controls (n¼ 10,723) were

patients in the Pooled Resource Open-Access ALS

Clinical Trials (PRO-ACT) database, downloaded

17 October 2016, volunteered by PRO-ACT

Consortium members (Prize4Life, Northeast ALS

Consortium, and ALS Therapy Alliance).

Demographic and family history data from the

online, self-enrolled portal of the National ALS

Registry (n¼ 6,352) were also available for

comparison.

Statistical analysis

Statistical analyses were conducted using JMP� Pro

13.0.0. Chi-squared analyses and two-sample t-tests

were used to compare demographics and disease

characteristics of cases to controls. Walk score

progression was further evaluated with analysis of

covariance. Wilcoxon’s rank sum tests were used to

compare age ranges. Treatments were compared

using logistic regression with Bonferroni’s correction.

Standard protocol approvals, registrations, and

patient consents

This study was approved by the institutional review

board of Duke University. There were no interven-

tions and no protected health information was

recorded during this study. Due to its very low

risk, a waiver for informed consent was granted.

Results

Diagnoses and reversals

A total of 36 cases with clinically definite ALS

(n¼ 4), clinically probable or clinically probable lab

supported ALS (n¼ 23), clinically possible ALS

(n¼ 2), and progressive muscular atrophy (PMA,

n¼ 7) were confirmed through literature (n¼ 16)

and chart review (n¼ 20). Information about their

diagnoses and reversals is included in supplemen-

tary Tables 1 and 2. All had histories, neurological

exams, EMGs and work up for mimics that made

ALS more likely than not. Of note, 19% of cases had

a purely lower motor neuron syndrome as compared

to a population estimate of 5% of all patients with

motor neuron disease (3). We considered these

‘‘progressive muscular atrophy’’ patients to have

ALS for reasons outlined previously (4).

Following an initial decline, median time to

maximum improvement was 12 months (range 1–

206 months). There were 16 cases that were

improving at their last known follow-up. Of 18

cases who plateaued after their maximum improve-

ment, median duration of follow-up was 38.5

months (range 3–295 months). Length of follow-

up could not be determined for two cases (partici-

pants 24 and 26) as their dates of maximum

improvement were unavailable. Measures employed

to track disease progression varied from case to case

based on availability in the chart or original report.

Potential cases with improvements on one or more

objective measures were excluded if they showed

deterioration on any other measures. There were 12

cases with improvements on the ALSFRS-R (mean

9.6, SD 4.7 points). The progression of ALSFRS-R

scores from disease onset to last known follow-up

are shown in Figure 1. In cases with improvements

in strength on manual muscle testing, three or four

limbs improved in the majority of cases. There were

nine cases who regained normal strength and seven

cases with full resolution of active denervation on

EMG at the time of their reversals.

Demographics and disease characteristics

Comparisons between the demographics and dis-

ease characteristics of cases and controls are

included in Table 1. Disease progression rate was

measured by loss of points per year on ALSFRS-R

walk score as few cases had fully documented

ALSFRS-R scores at the time of their nadirs. After

controlling for age and site of onset, walk score

progression rate remained significantly faster for

cases when compared to controls.

Co-morbidities

Neither PRO-ACT nor the National ALS Registry

contains comprehensive information on the co-

morbidities of their participants. However, the

prevalence of a prior myasthenia gravis (MG)

diagnosis in our cases (6%, n¼ 2, participants 34

and 35) was higher than estimates of prevalence in

the general population (0.03%), though ALS and
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MG may co-exist more frequently than predicted by

chance alone (5).

Treatments

Supplementary table 3 includes information on

treatments used by two or more cases at the time

of their maximum improvement for which the odds

of taking the treatment were significantly greater for

cases than PRO-ACT controls. All of these

treatments, with the exception of azathioprine,

were used exclusively by cases identified through

chart review. After controlling for age and site of

onset, the odds of taking curcumin, azathioprine,

copper, glutathione, vitamin D, and fish oil

remained significantly greater for cases than con-

trols. Insufficient data precluded this adjustment in

patients who used luteolin or cannabidiol, but the

odds of taking these two treatments remained

Figure 1. ALSFRS-R Progression. There were 12 cases with improvements measured by the ALSFRS-R. Of these, 10 are included in the

figure (case 38 had initial measurements on the ALSFRS before the introduction of the ALSFRS-R and case 24 had an unknown date of

maximum improvement). This chart shows the progression over time of these 10 cases as measured by the ALSFRS-R from disease onset

to last known follow-up. Participants 5, 33, 34, 35, 42, and 99 had documented improvements on additional objective measures.

ALSFRS(-R): amyotrophic lateral sclerosis functional rating scale(-revised).

Table 1. Demographics and disease characteristics of ALS reversals.

A Cases PRO-ACT Statistical test Result

Age of onset 50.1 (15.3) 53.8 (11.8) t¼ 1.89 p¼0.0588

% Male 80.6 60.3 �2 ¼ 6.14 p¼0.0132

% White 87.5 95.4 �2 ¼ 3.36 p¼0.0669

% With family history of ALS 8.00 15.7 �2 ¼ 1.10 p¼0.2940

% Limb onset 93.9 72.1 �2 ¼ 7.80 p¼0.0052

Walk score progression rate �1.59 (1.81) �0.991 (0.762) t¼ 4.28 p50.0001

B Cases National ALS Registry Statistical test Result

Age at diagnosis 50–59 50–59 Z¼ 2.88 p¼0.0040

% Male 80.6 60.5 �2 ¼ 6.05 p¼0.0139

% White 87.5 95.2 �2 ¼ 3.08 p¼0.0792

% With family history of ALS 4.00 4.20 �2 ¼ 0.003 p¼0.9594

ALS: amyotrophic lateral sclerosis; ALSFRS-R: ALS Functional Rating Score–Revised; PRO-ACT: Pooled Resource Open-Access ALS

Clinical Trials.

This table compares available demographics and disease characteristics of patients with ALS Reversals to patients in the PRO-ACT

database (A) and the National ALS Registry (B). Family history data in the registry included first-degree relatives and family history data

in PRO-ACT contained first-through third-degree relatives. As such, cases with first-through third-degree relatives with ALS were

considered to have a family history in A and only cases with first-degree relatives with ALS were considered to have a family history in B.

Only age ranges were available in the registry, which were compared using Wilcoxon’s rank sum tests. Median age ranges were equivalent,

however, rank sum of case age ranges was significantly less and rank sum of control age ranges was significantly greater than their

expected values. Proportions were analyzed with Pearson’s chi-square tests and means were analyzed with two-sample t-tests. Standard

deviations are included in parentheses where applicable. Walk score progression rate is measured as change per year in points on the

ALSFRS-R ‘‘walking’’ question.
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greater for cases than controls after controlling for

age of onset.

Discussion

For the first time, we have compiled verified cases of

ALS reversals into a database for comparison to

patients with more typically progressive ALS. There

are some differences in the demographics and

disease characteristics of cases compared to con-

trols. These differences persist across two groups of

controls and are consistent with previously pub-

lished data on ALS reversals (6). It is important to

note that the definition of an ALS reversal used in

this study differs from the previous definition, an

improvement of four or more points on the

ALSFRS-R lasting at least 12 months. Our new

definition allows for the inclusion of patients with

significant improvements who do not have docu-

mented ALSFRS-R scores. For example, one of our

cases without an ALSFRS-R score came off a

ventilator after 17 years of dependency and another

began walking after a year of quadriplegia. Our new

definition also requires that improvements be robust

and sustained, as small, transient improvements in

ALSFRS-R and muscle strength are not unusual in

patients with typically progressive ALS (6,7).

Concerns about previous work on ALS reversals

from the PRO-ACT database included difficulty

interpreting improvements on the ALSFRS-R with-

out supporting data from other outcome measures

and lack of information confirming work-ups for

ALS mimic diseases. The majority of patients

described here with improvements on the

ALSFRS-R also had documented improvements

on strength exam or other outcome measures.

Additionally, all cases had available information

regarding work-up for mimic diseases. While most

patients had extensive imaging, EMG/nerve con-

duction studies, and laboratory work-ups, these

varied widely from case to case.

One possible hypothesis is that some of our cases

were misdiagnosed and may have had very rare

antibody-mediated ALS mimic syndromes (8–14).

The elevated rate of co-morbid MG and increased

odds of azathioprine use in our cases may support

this idea. Participant 34, for example, was diagnosed

with seropositive MG with response to immunomo-

dulation. He was diagnosed with ALS 2 years later

after developing upgoing plantar reflexes, pseudo-

bulbar affect, and brisk tendon reflexes in the arms

and legs with signs of denervation and reinnervation

on EMG in the absence of repetitive nerve stimu-

lation decrement. Participant 35 was diagnosed with

MG after a subacute episode of ptosis, dysarthria,

dysphagia, and weakness that resolved fully within 2

months. He was diagnosed with PMA 30–40 years

later based on widespread atrophy, weakness

(greater distally in the upper extremities), and

signs of denervation and reinnervation on EMG.

However, MG and ALS may co-occur more often

than expected by chance alone (5). The lack of

fluctuating or ocular weakness, presence of upper

motor neuron signs, and presence of EMG denerv-

ation in most of our cases make strong arguments

that MG alone would not explain their presentations

(15,16). The similar rate of ALS family history in

our cases and controls argues further against the

possibility that some of these cases were

misdiagnosed.

The odds of taking curcumin, luteolin, cannabi-

diol, azathioprine, copper, glutathione, vitamin D,

and fish oil were higher for cases than for controls. It

is possible that a reporting or selection bias existed

for cannabidiol in controls, as substance misuse

would have excluded participants from at least some

of the trials included in PRO-ACT. Associations do

not prove causation. However, the eight therapies

identified here are particularly interesting because

they have plausible mechanisms by which they could

influence ALS. For example, luteolin, glutathione,

and vitamin D attenuate oxidative stress and fish oil,

cannabidiol, and azathioprine reduce inflammation

(17–22). Additionally, each therapy identified here

was temporally associated with at least two reversals.

These therapies should be further evaluated in

prospective studies.

Finally, it is possible that our cases have genetic

differences that confer disease resistance. There is a

precedent for this in HIV elite controllers, and that

discovery led to an effective treatment, maraviroc,

for patients with HIV (23). One possibility is that

some of these patients have mutations that lead to

enhanced reinnervation. This might be of particular

benefit in purely lower motor neuron disease, which

was prevalent in our cases. We plan to perform

whole genome sequencing on ALS reversals to

determine if they differ genetically from patients

with more typical ALS progression. By better

understanding ALS reversals, we hope to make

them happen more often.
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