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ABSTRACT

It is now well-established that the disease process in many neurodegenerative disorders, includ-
ing Alzheimer disease, Parkinson disease, and Huntington disease, begins many years before the
appearance of typical symptoms. Whether amyotrophic lateral sclerosis (ALS) is also character-
ized by a presymptomatic period, and if so how long this period lasts, is unclear. Answers to these
questions will not only inform our understanding of disease biology and potential environmental
risk factors for ALS, but also the design and implementation of early therapeutic and even preven-
tative clinical trials. Moreover, the potential impact of studying people at genetic risk for ALS, the
only population in which it is currently possible to study presymptomatic disease, is underscored
by recent progress in our understanding of the shared genetic basis of familial and apparently
sporadic ALS. Studying presymptomatic ALS, however, has proven difficult due to the challenge
in identifying an at-risk population and various logistical and ethical considerations. In this article
we present the rationale for studying presymptomatic ALS, summarize the early evidence sup-
porting the existence of a presymptomatic phase of the disease, and discuss the challenges of
studying presymptomatic ALS. We also use Pre-fALS a systematic and longitudinal investigation
of a cohort of individuals at genetic risk for ALS, as an example to illustrate how one might ap-
proach these challenges. Neurology® 2012;79:1732–1739

GLOSSARY
ALS � amyotrophic lateral sclerosis; DTI � diffusion tensor imaging; fALS � familial amyotrophic lateral sclerosis; FTD �
frontotemporal dementia; LMN � lower motor neuron; MN � motor neuron; MRS � magnetic resonance spectroscopy;
MUNE � motor unit number estimation; Pre-fALS � Pre-symptomatic Familial ALS study; UMN � upper motor neuron.

The last 15 years have witnessed a significant shift in our understanding of neurodegenerative
diseases. We increasingly recognize that the degenerative process in disorders such as Alzheimer
disease,1 Huntington disease,2 and Parkinson disease3–5 begins years, if not decades, prior to the
appearance of typical clinical manifestations. Whether ALS is also characterized by a prolonged
presymptomatic period is unclear, but definitively answering this question is likely to have
profound implications for understanding disease biology, uncovering environmental risk fac-
tors, developing effective therapies, and even disease prevention.

To effectively study presymptomatic ALS, one must first identify people who are at risk for
developing disease. Although advancing age is a risk factor for ALS, the broad range of age at
symptom onset limits its utility in identifying at-risk individuals. Absent any known environ-
mental risk factor, it is currently only possible to study individuals genetically predisposed to
developing ALS—namely, presymptomatic gene mutation carriers.

We begin this review with the rationale for studying presymptomatic ALS and a review of
the relevant literature. We then turn to the many challenges inherent to studying presymptom-
atic ALS, and use the Pre-symptomatic Familial ALS (Pre-fALS) study to illustrate some of the
practical approaches we have employed to overcome these challenges.
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RATIONALE Disease biology. There is longstanding
debate about the onset and progression of ALS.6

Some have suggested that ALS is primarily an upper
motor neuron (UMN) disorder with secondary an-
terograde degeneration (“dying forward”) of the
lower motor neuron (LMN)7–9; others have postu-
lated a retrograde (“dying back”) process in which
pathology begins in the LMN.10 Within the last few
years, 2 related ideas about disease onset and progres-
sion have emerged. First, the disease process—
namely, the underlying pathologic process that leads
to motor neuron (MN) degeneration—begins fo-
cally within the axes of the UMN or LMN systems.
Second, the disease process spreads via contiguity,
with the rate of spread through each axis being cen-
tral to determining phenotype.11,12 If correct, these
hypotheses would have profound implications for
how we conceptualize ALS pathogenesis—e.g., pro-
viding some support for the theory that misfolded/
aggregated proteins recruit neighboring mutant or
wild-type proteins in a prion-like fashion.13 It has
been difficult to test these hypotheses in a natural
history study, however, due to the relatively ad-
vanced stage of disease at which patients with ALS
emerge over the clinical horizon. The long (median
�10 months) delay from symptom onset to diagno-
sis compounds this problem.14–18 Even if the disease
process had begun focally, by the time of diagnosis,
confluence across multiple affected neighboring ana-
tomic regions would make it almost impossible to
dissect out the early stages of disease onset and
spread. Testing these hypotheses, therefore, requires
studying disease process from inception and through
the early stages of progression. This can only realisti-
cally be accomplished by studying those at risk for
developing disease.

Studying gene mutation carriers also has the po-
tential to elucidate the time frame over which MN
degeneration proceeds in ALS. One possibility is that
ALS emerges explosively against a background of an
otherwise healthy nervous system, with catastrophic
loss of MNs and emergence of progressive weakness.
Alternatively, there may be slow attrition of MNs,
with compensatory mechanisms temporarily warding
off symptoms, and progressive weakness eventually
developing once the degenerative process over-
whelms compensatory mechanisms.19 Under either
scenario, genetic susceptibility might produce an en-
dophenotype of structural or functional vulnerability
to MN degeneration that could be elucidated
through careful evaluation of presymptomatic gene
mutation carriers.

Environmental risk factors. Studying the full course
of disease, including the presymptomatic stage, al-
lows better definition of the role that environmental

exposures might play. The temporal relationship be-
tween environmental exposures and disease onset, for
example, may only be examined once we are able to
define the earliest onset of disease (figure 1).

Early therapeutic intervention. Studying a population
at risk for ALS creates an opportunity for early thera-
peutic intervention. Regular and careful follow-up
with greater attention to early symptoms by both the
individual and the study team is likely to expedite
diagnosis, thereby allowing very early therapeutic in-
tervention (e.g., with riluzole) or enrollment in clini-
cal trials. The motivations for early rather than late
therapeutic intervention are many. First, potential
therapies may be less effective if administered late,
once the disease process has become established. Sec-
ond, preventing neuronal loss may be more realistic
than regeneration of diseased or dead MNs; if the
disease process truly begins focally and spreads by
contiguity, early intervention might preserve neuro-
nal number/function in unaffected or minimally af-
fected regions. Moreover, it is preferable to slow or
halt progression during the early stages of disease
when disability is minimal; halting progression may
be less appealing to patients once severe disability has
already developed.

Disease prevention. For a rare disease such as ALS,
prevention can only practically be considered for in-
dividuals who are at risk for disease. Until very re-
cently, the only known such population were gene

Figure 1 Schematic illustration of the full
temporal course of the disease
process in amyotrophic lateral
sclerosis, showing different time
periods during which environmental
factors might be relevant

During period A, prior to the onset of disease, environmen-
tal exposures might act, alone or in conjunction with other
factors, either to cause disease or to modify the risk and
timing of disease onset. During period B, between the onset
of disease and the appearance of symptoms, environmental
exposures might modify the course of the disease process,
hastening or slowing the rate of progression and the la-
tency to onset of symptoms, for example. Environmental
exposures during this period cannot, by definition, cause
disease since they postdate the onset of disease. Presymp-
tomatic studies in amyotrophic lateral sclerosis (e.g., Pre-
fALS study) offer an opportunity to delineate the distinction
between periods A and B. During period C, after symptom
onset, environmental exposures might also modify the
course of disease, either for better or for worse.
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mutation carriers from familial ALS (fALS) pedi-
grees. With the recent recognition that reduced
penetrant hexanucleotide repeat expansions in
C9ORF72 may be responsible for 5%–7% of appar-
ently sporadic ALS,20,21 it may be possible to identify—
e.g., by screening their first-degree relatives—an even
larger population of people genetically predisposed to
developing ALS. Studying these gene carriers and defin-
ing the presymptomatic phase of the disease is the only
way to acquire necessary insights into the feasibility and
design of a preventive trial,22 including how to identify
and recruit at-risk individuals, quantify their long- and
short-term risks of developing ALS, operationally define
disease onset with high confidence and good reliability,
and select biological markers of early disease.

Early evidence for presymptomatic disease. Studies of
presymptomatic SOD1� carriers (i.e., those with an
SOD1 gene mutation) have employed electrophysi-
ologic methods such as motor unit number estimation
(MUNE) and cortical excitability, as well as MRI tech-
niques such as diffusion tensor imaging (DTI) and
magnetic resonance spectroscopy (MRS) (table). Cross-
sectional studies have suggested no differences between
SOD1� carriers and various control groups in electro-
physiologic parameters,19,23 but longitudinal studies
have reported reduced MUNE and increased cortical
excitability 3–10 months in advance of symptom on-
set.24,25 MRI studies (all cross-sectional) have yielded

conflicting results with 1 brain DTI study showing dif-
ferences between SOD1� carriers and age-matched
controls,26 but a second study not confirming these
findings.23 Additionally, a recent cross-sectional MRS
study of the cervical cord revealed differences in tissue
metabolites (e.g., reduced NAA/Cr) in SOD1� carriers
compared to controls.27 The expected heterogeneity of
the study population with respect to the anticipated la-
tency to onset of disease may underlie these varying
cross-sectional findings.

CHALLENGES Identifying an at-risk population. A
distinction has traditionally been drawn between
fALS (in which at least 2 biologically related family
members have had ALS) and sporadic ALS (in which
only a single individual within a family was known to
be affected). With minimal knowledge of the causes
of sporadic ALS (and hence, at least until recently, no
ability to identify people at risk), attention has un-
derstandably focused on the genetic etiology of fALS,
which accounts for 5%–10% of all cases of ALS.28,29

SOD1 mutations, responsible for �14%–20% of
fALS28,30 (and therefore 1%–2% of all ALS cases),
were the first identified. For almost 15 years, SOD1
remained virtually the only known cause of ALS.
Within the last several years, however, there has been
an explosion in our knowledge of other genetic
causes of ALS, including, among others, mutations
in TARDBP (TDP-43),31 FUS/TLS,32,33 VCP,34

Table Early evidence for presymptomatic disease in ALS

Biomarker Methods Findings Reference

MUNE
(statistical method)

Cross-sectional study of
SOD1� presymptomatic subjects (n�18)
SOD1� family controlsa (n�34)
SOD1� population controlsb (n�23)

No differences in MUNE in
SOD1� group compared to the 2
control groups

19

MUNE
(statistical method)

Longitudinal study of
SOD1� presymptomatic subjects (n�19)
followed over 3 y

Reduction in MUNE in 2
SOD1� subjects up to 10 mo
before symptom onset

24

Cortical excitability
(TMS threshold tracking)

Cross-sectional study of
SOD1� presymptomatic subjects (n�7)
SOD1� population controlsb (n�62)

No difference in short-interval
intra-cortical inhibition or other
measures of cortical excitability

23

Cortical excitability
(TMS threshold tracking)

Longitudinal study (up to 3 y) of
SOD1� presymptomatic subjects (n�17)
SOD1� family controlsa (n�7)
SOD1� population controlsb (n�55)

Reduction in short-interval
intra-cortical inhibition in 3
SOD1� subjects 3–8 mo before
symptom onset

25

Brain MRI
(DTI)

Cross-sectional study of
SOD1� presymptomatic subjects (n�7)
SOD1� population controlsb (n�62)

No difference in FA or other DTI
metrics

23

Brain MRI
(DTI)

Cross-sectional study of
SOD1� presymptomatic subjects (n�8)
SOD1� family controlsa (n�13)

Bilateral reduction in FA in
the posterior limb of the internal
capsule among SOD1� subjects

26

Spinal Cord MRI
(MRS)

Cross-sectional study of
SOD1� presymptomatic subjects (n�24)
SOD1� population controlsb (n�29)

Reduction in average NAA/Cr and
NAA/Myo ratios among
SOD1� subjects

27

Abbreviations: Cr � creatine; DTI � diffusion tensor imaging; FA � fractional anisotropy; MRS � magnetic resonance
spectroscopy; MUNE � motor unit number estimation; Myo � Myo-Inositol; NAA � N-acetyl-aspartate; SOD1� � carrier of
SOD1 gene mutation; SOD1� � noncarrier of SOD1 gene mutation; TMS � transcranial magnetic stimulation.
a Unaffected family members who are SOD1�.
b Unaffected individuals recruited from outside of familial amyotrophic lateral sclerosis pedigrees.
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Ubiquilin-2,35 and most significantly the recently
discovered C9ORF72 gene.20,21 Collectively, these
genetic mutations account for �10%–15% of all
ALS. This substantial increase from just a few years
ago creates an opportunity to identify many more
people at genetic risk for ALS.

Ethical, legal, and psychosocial considerations. The
question of whether or not presymptomatic genetic
testing should be offered for a fatal and untreatable
neurodegenerative disease is not new. Presymptom-
atic genetic testing for Huntington disease, for exam-
ple, has been available since 1986 and driven by
respect for patient autonomy and the right to
know.36 Genetic knowledge also empowers individu-
als and facilitates informed reproductive decisions.
There are potential risks, but these can be mitigated
by ensuring that consent is adequately informed and
by probing each individual’s psychosocial readiness
to undergo presymptomatic testing.37,38 Other issues to
consider are whether the results of presymptomatic test-
ing should be made available to research participants,
how to provide adequate pretest and post-test coun-
seling for those who elect to learn their test results (in-
cluding discussing issues such as inheritance patterns,
incomplete penetrance, and discovery of polymor-
phisms of uncertain pathogenicity), and what follow-up
is needed for those found not to harbor a genetic muta-
tion. Equally important is the confidentiality and secu-
rity of this genetic information, with implementation of
the necessary safeguards to ensure that genetic knowl-
edge does not compromise individuals’ ability to secure
health or life insurance, for example.

Logistical complexity. Due to the rarity of ALS and the
relative infrequency with which the genetic cause of dis-
ease is known, individuals potentially at genetic risk for
ALS need to be recruited from across a broad geo-
graphic area. Even with multiple study sites, potential
participants will likely reside some distance from a study
center, imposing significant logistical complexity and
cost. Initial screening for eligibility, obtaining consent,
providing genetic counseling, and collecting blood for
genetic testing may therefore be necessary before the
study participant is seen in person at a study center.
Once eligibility is confirmed, arrangements must then
be made for the participant to travel to a study center.
Moreover, in the absence of foreknowledge of the dura-
tion of the presymptomatic period, it is difficult to
know how frequently gene mutation carriers should be
evaluated. Ideally it should be sufficiently frequent that
at least 1 evaluation takes place between disease onset
and symptom onset, but not so frequently as to over-
burden participants and research personnel. Maintaining
contact with participants between in-person evaluations is

critical to minimizing loss to follow-up, especially if in-
person study visits are relatively infrequent.

Methods for detecting presymptomatic disease. A sig-
nificant challenge to detecting presymptomatic dis-
ease is that the earliest manifestations of ALS are
unknown. Although there is a wealth of investigative
tools available—e.g., brain and spinal cord MRI,
physiologic assessment of UMN and LMN function,
and quantifiable “wet” biomarkers in the CSF or
blood—their sensitivity to detect early manifesta-
tions of ALS has yet to be established. Moreover,
standardizing and demonstrating reproducibility of
these investigative modalities will require significant
work. Constraints imposed by study participants’
time and tolerance also limit the nature and number
of procedures that can routinely be used. The grow-
ing recognition of the relationship between ALS and
frontotemporal dementia (FTD) further complicates
definition of presymptomatic disease. Early signs of
cognitive/behavioral impairment in the absence of
motor manifestations may reflect early FTD, but the
individual should nonetheless be considered pres-
ymptomatic with respect to motor manifestations of
ALS.

APPROACH: THE Pre-fALS STUDY We initiated
the Pre-fALS study in 2007 as a systematic attempt to
assemble and longitudinally follow a cohort of indi-
viduals at genetic risk for ALS. Pre-fALS is approved
by the University of Miami institutional review
board; all participants have provided informed con-
sent. The explicit goals of Pre-fALS are to 1) charac-
terize the presymptomatic phase of ALS using a wide
range of biomarkers; 2) ascertain the incidence rate
with which at-risk individuals progress to manifest
disease; 3) explore potential genetic and environmen-
tal modifiers of the timing of progression to manifest
disease; 4) establish a biobank of rigorously collected
biological samples for “wet” biomarker discovery;
and 5) use the knowledge gained to facilitate design
of a preventive/early therapeutic trial. The Pre-fALS
protocol has evolved since its inception to allow for ad-
aptation to new scientific advances and development of
new biomarkers, as well as input from the scientific and
fALS community. The scope of Pre-fALS has also
broadened in response to the identification of new ge-
netic causes of ALS. The underlying goals, design, and
approach, however, have remained unchanged. Here
we use Pre-fALS (NCT00317616) as an example to il-
lustrate how one might approach the aforementioned
challenges.

Identifying an at-risk population. The relative rarity
of fALS has led us to identify and enroll pedigrees
(figure 2, #1) from across the United States using
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both passive and active recruitment strategies. Before
enrolling unaffected family members, we first deter-
mine the genetic cause of ALS in the family by test-
ing (or obtaining results of prior testing from) an
affected individual or an obligate carrier (figure 2,
#2). When Pre-fALS first began, we only included
SOD1 families, as SOD1 was at the time the only
known (and relatively common) cause of ALS. We
have since expanded Pre-fALS to include also fam-
ilies with more recently identified mutations (e.g.,
TARDBP, FUS, VCP, C9ORF72). Parenthetically,
we use the term Pre-fALS study (or Pre-fALS for
short) to encompass the extensive screening pro-
cess to identify presymptomatic gene carriers; the
term Pre-fALS cohort is reserved for the subset of
Pre-fALS participants who are subsequently en-
rolled in longitudinal follow-up.

Once the genetic cause of ALS in the family is
known, unaffected family members may be consid-
ered for Pre-fALS (figure 2, #3). We focus enrollment
efforts on these first-degree relatives because they
have the highest likelihood of having inherited
the mutated gene, and genetic counseling is more

readily performed for them. Moreover, this targeted
recruitment approach provides an “enriched” study
population, thereby maximizing our likelihood of
identifying presymptomatic gene carriers for the Pre-
fALS cohort. To date, no eligible individuals have
declined participation.

After additional screening (e.g., for psychosocial
readiness), those who are known to be gene mutation
carriers through previous genetic testing are enrolled
directly into the Pre-fALS cohort (figure 2, #4). Par-
ticipants who do not know their genetic status are
offered testing and the option of whether or not to
learn the results (figure 2, #5); we refer to these as the
“disclosure” and “nondisclosure” groups, respec-
tively. Predecision counseling is provided as needed
to help participants choose between disclosure and
nondisclosure of results. Those who elect disclosure
receive both pretest and post-test counseling (figure
2, #6) and are informed of the results; only gene mu-
tation carriers are enrolled in the Pre-fALS cohort
(figure 2, #7). Because obligate carriers do not always
know that they carry the mutated gene, they too
may receive genetic counseling before entering the

Figure 2 Pre-Symptomatic Familial ALS study schema showing recruitment of presymptomatic individuals
from familial amyotrophic lateral sclerosis pedigrees in which the genetic cause of amyotrophic
lateral sclerosis is known

Family members known not to carry the mutated gene (“known gene�”) are excluded. Presymptomatic individuals known to
carry the mutated gene (“known gene�”) are directly enrolled in longitudinal follow-up. Other presymptomatic individuals
with a high likelihood of having inherited the mutated gene are offered genetic testing. Those who elect to learn the results
of genetic testing (“disclosure”) are offered genetic counseling, and only gene carriers (“gene�”) are enrolled in longitudinal
follow-up. For those who elect not to learn the results of genetic testing (“nondisclosure”), both carriers and noncarriers of
mutated gene (“gene �/�”) are enrolled in the Pre-symptomatic Familial ALS (Pre-fALS) cohort. fALS � familial amyotrophic
lateral sclerosis.
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Pre-fALS cohort. The nondisclosure group comprises
a mixture of presymptomatic gene carriers and non-
carriers (who may serve as controls in some of our
biomarker studies). In order to avoid implicit disclo-
sure of results, all participants who elect nondisclo-
sure are enrolled in the Pre-fALS cohort, irrespective
of genetic results (figure 2, #8).

Ethical, legal, and psychosocial considerations. That
Pre-fALS is a single-center study with participants re-
cruited from across the United States raises the ques-
tion of how best to provide adequate counseling for
those who elect to learn their test results. During the
first 3 years of Pre-fALS, participants who elected dis-
closure were randomized to receive counseling either
via telephone or in person. The findings38 highlight
the strengths and weaknesses of each approach and
provided proof-of-principle that genetic counseling
could adequately be performed remotely, at a signifi-
cantly reduced logistical burden and cost. Based on
these results, Pre-fALS procedures were modified
such that counseling is by default provided telephon-
ically, though participants may choose in-person
counseling. Following pretest counseling, Pre-fALS
participants may change their minds and elect in-
stead not to learn their results. Similarly, those who
initially elect nondisclosure have the option to learn
their results at any stage after receiving appropriate
genetic counseling.

A series of measures have been adopted to safe-
guard the confidentiality of genetic test results. De-
spite the challenges in the era of electronic medical
record, research records are strictly separated from
medical records. DNA samples are assigned an ID
number that requires complex linkage to identifiable
information, and all research personnel who have
contact with study participants are blinded to the
results of genetic testing for nondisclosure partici-
pants. In addition, we operate under an NIH certifi-
cate of confidentiality, which enables us to provide
study participants with a legally enforceable guaran-
tee of research record protection.

As part of the consenting process, participants are
counseled that they will be informed if evidence of
ALS is detected. The significance of early cognitive/
behavioral symptoms is discussed in the context of
specific gene mutations. This approach respects par-
ticipants’ right to know and affords the opportunity
to initiate early treatment and participation in thera-
peutic trials.

Logistical complexity. Telephone counseling has been
used to overcome the logistical challenge of counsel-
ing those residing great distances from the study cen-
ter. In addition, completing the array of study
procedures performed at each in-person visit (out-

lined in the next section) requires careful coordina-
tion to ensure collection of biological samples in the
fasting state, avoidance of lumbar puncture �24
hours prior to air travel, and availability of both
equipment (e.g., MRI) and study staff with expertise
in a diverse range of biomarker techniques. We cur-
rently schedule in-person visits every 12–18 months,
and provide quarterly telephone interviews in be-
tween visits to ascertain the emergence of symptoms
that might suggest the appearance of manifest dis-
ease. Participants are also urged to contact the study
center at any time if they become aware of worrisome
symptoms, which in turn prompt an ad hoc in-
person visit for more detailed evaluation. In addition,
we maintain contact with participants through tele-
phone calls and a regular newsletter.

Methods for detecting presymptomatic disease. The
presymptomatic phase of ALS is anchored by disease
onset and the appearance of motor manifestations.
We use the revised El Escorial diagnostic criteria for
fALS (progressive UMN or LMN signs in an individ-
ual with an ALS susceptibility gene mutation) to de-
fine clinically manifest disease based on careful
examination by the same ALS specialist (M.B.) at
each in-person visit. During the first 3 years of Pre-
fALS, a second neurologist also performed indepen-
dent evaluations, with complete agreement between
the 2 neurologists in determining the presence/ab-
sence of clinically manifest disease. In light of the
emerging connection between ALS and FTD, espe-
cially in families with FUS, TDP-43, VCP, and
C9ORF72 mutations, detailed cognitive/behavioral
testing has been added to the battery of evaluations.
Supine and erect vital capacities are compared to de-
tect subtle diaphragmatic weakness. Electromyo-
graphic examination of cranial, thoracic paraspinal,
and limb muscles bilaterally is used to test for sub-
clinical LMN dysfunction. Recognizing the need to
explore a broad range of investigative modalities po-
tentially sensitive to early manifestations of the dis-
ease process, this core set of evaluations is currently
supplemented by biomarkers that aim to quantify
UMN and LMN function: LMN numbers innervat-
ing hand and foot muscles are estimated using the
modified incremental MUNE technique;39 multi-
frequency electrical impedance myography, which
quantifies the biomechanical properties of muscle,40

is employed to study muscles in both arms and legs;
evidence of UMN pathology is sought using whole-
brain and spinal cord MRS and DTI; fine quantita-
tive motor testing41 provides an integrated view of
UMN and LMN function. Finally, a range of biolog-
ical samples (serum, plasma, DNA, RNA, buffy coat,
urine, and, when possible, CSF and cell lines) are
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rigorously collected, processed, and stored for future
“wet” biomarker discovery.

PROGRESS TO DATE AND THE WAY FOR-
WARD Through Pre-fALS we have found ways to
overcome many of the obstacles that hinder the study
of presymptomatic ALS. With �430 fALS pedigrees
ascertained and the genetic cause identified in �100
of these families thus far, we have been inundated by
the interest and willingness of unaffected family
members to participate in Pre-fALS. By the end of
May 2012, �160 subjects have been consented. Ap-
proximately 15% of them were known gene� (figure
2), 15% chose nondisclosure, and 70%—a surpris-
ingly high proportion—chose disclosure. A total of
60 participants from across the United States have
been enrolled in the Pre-fALS cohort, with �95
person-years of follow-up accumulated by May
2012. Notably, 5 participants have converted from
presymptomatic to manifest disease, yielding an esti-
mated incidence rate of �6%/year. We have devel-
oped and continue to refine the aforementioned
multimodal biomarker approach for detection of
presymptomatic disease. Significant progress has also
been made toward establishing a repository of longi-
tudinally and rigorously collected biological samples
from each subject at every visit.

Pre-fALS has benefited tremendously from scien-
tific progress over the last few years, notably in the
genetic and biomarker arenas. Scientific advances
and growth of the Pre-fALS cohort, however, also
bring new challenges. The increasingly diverse array
of genetic causes of ALS, for example, adds to the
complexity of genetic testing and counseling. The
expanding array of potential biomarkers requires
flexibility to adopt new techniques as they emerge
and to triage methods that prove to be less promis-
ing. Moreover, the growing size of the Pre-fALS co-
hort may require a multicenter platform with the
inevitable attendant logistical complexity.

Nevertheless, now that the cohort has been sub-
stantially seeded, we are poised to witness exponen-
tial growth over the coming years. With a modestly
estimated �10 new Pre-fALS cohort recruits each
year and continued follow-up of those already en-
rolled, we expect to accumulate �450 person-years
of follow-up with a further �20 converters to mani-
fest disease over the next 5 years. Over time, there-
fore, we are increasingly able to look back at the
biomarker data collected prior to the emergence of
clinically manifest disease. Such analyses offer the
best opportunity to identify early markers of the dis-
ease process, and move us closer toward our goal of
an early therapeutic or even preventive trial.
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