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Abstract

Patients with extremely rare pathogenic variants pose unique challenges to current healthcare systems. Nano-rare mutations have been defined
as mutations with a known prevalence of <30 patients worldwide, but because of the small fraction of humans who have undergone genetic
testing, neither the precise prevalence of individual mutations nor the total prevalence of patients with nano-rare mutations is known. n-Lorem is a
non-profit founded in 2020 with the mission of equitably discovering, developing, and providing bespoke experimental antisense oligonucleotides
(ASOs) for free, for life, to patients with nano-rare mutations that are amenable to ASO treatment. In this perspective, we provide an overview
of the n-Lorem processes and systems, the characteristics of the first 329 patients who have applied for treatment for whom initial assessment
was completed and suitability for ASO treatment determined, and a summary of the results of ASO treatment for patients treated to date.
Detailed data on individual patients and the overall clinical safety and tolerability profiles of the ASOs for which there are clinical data are the
subjects of other manuscripts.
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Nano-rare mutations have been defined as pathogenic mu-
tations with a known world-wide prevalence of <30 [1, 2].
However, because of the small fraction of humans who have
undergone genetic testing, neither the precise prevalence of
individual mutations nor the overall prevalence of these ex-
tremely rare pathogenic mutations is known. n-Lorem is a
non-profit founded in 2020 with the mission of equitably
providing experimental antisense oligonucleotides (ASOs) for
free, for life, to patients with nano-rare mutations [3, 4]. To
achieve this mission, we have taken advantage of the rapidity,
efficiency, and versatility of ASO technology and the unique
guidance issued by the FDA that supports treating nano-rare
patients with experimental ASOs of well-understood chemical
classes with only in vitro pharmacological data and a single 3-
month toxicology study conducted in compliance with Good
Laboratory Practice (GLP)[5-18].

Our goals at n-Lorem are to respond to the urgent needs of
nano-rare patients by providing experimental ASOs for those
patients amenable to ASO treatment while creating scalable
systems and processes that assure that only appropriate pa-
tients are treated, maximize the safety and tolerability of ASO
treatments, and what we learn from each patient and our ag-
gregate experience. We are also collaborating with other or-
ganizations attempting to establish a more holistic solution to
this emergent healthcare issue. Our specific objectives are to
mount a new ASO discovery and development program for
each patient, initiate treatment within 18-24 months after ac-
ceptance, and provide lifetime treatment to each patient for
free for life. The cost to n-Lorem to treat a patient for life is
approximately $1 million. Lastly, we are attempting to create
a community that provides support and education by estab-
lishing a podcast series dedicated to the needs of nano-rare pa-
tients and their families, providing “Lessons in Antisense” and
hosting annual meetings for the scientific and medical commu-
nities, as well as nano-rare patients and families [19].

In this perspective, we summarize the n-Lorem process and
our industrialized systems, our overall experience, a number
of important lessons learned, and challenges that remain. A

in n-Lorem-sponsored clinical trials has been submitted for
publication [5]. As this perspective is designed to provide an
overview of our experience and we are providing detailed data
on individual patients and groups of patients in other publi-
cations [20, 21], here we provide a summary of our clinical
experience.

FDA guidance

The FDA guidance for IND (Investigational New Drug) sub-
missions for individualized ASOs [14-17, 18] is predicated on
>30 years of experience with phosphorothioate (PS) ASOs
of various chemical classes developed at Ionis (and now n-
Lorem), including the publication of safety databases for
PS 2’-methoxyethyl (MOE) and PS 2’-MOE ASOs with N-
acetyl-galactosamine (GalNAc) conjugates [10-13]. Though
the guidance does not specify what chemical classes have
been adequately studied, we typically use PS 2’-MOE “gap-
mer” ASOs designed to serve as RNase H1 substrates once
bound to a target RNA. We also use fully 2’-modified PS MOE
ASOs to alter RNA intermediary metabolism (5" capping,
polyadenylation, splicing, translation, transportation, modi-
fication, or metabolism). Meaningful clinical experience with
PS 2’-constrained ethyl ASOs has also been reported, but n-
Lorem has not yet submitted an IND application for an ASO
of that chemical class [10-12].

One of the several major advantages of ASO technol-
ogy is that within a chemical class, the basic pharmacoki-
netic/pharmacodynamic (PK/PD) properties are similar irre-
spective of the sequence of the PS ASO. Distribution of PS
ASOs is driven by PS content and is consistent so long as a
minimum of 10 PS are present. Tissue elimination half-life
is very modestly affected by sequence, but not sufficiently to
require adjustments of dose schedule. As long as an optimal
ASO has been selected, the range of doses is narrow enough
to use a standard starting dose, dose escalation scheme, and
maximum dose. Thus, based on past experience in many thou-
sands of patients, we can select a route of administration, an
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Figure 1. The n-Lorem process from application to IND submission to data collection and analyses.

appropriate range of doses, and administration schedules. Fur-
thermore, synthetic methods and analytical processes are well
established and apply to all PS ASOs that are of a particular
chemical class, facilitating rapid and relatively inexpensive ad-
vancement of candidate PS ASOs to the clinic. Lastly, if stored
properly, PS ASOs are quite stable and this supports manufac-
turing sufficient quantities of each PS ASO to treat patients for
many years.

The guidance supports rapidly treating very sick nano-rare
patients with only iz vitro pharmacological data and a single
3-month rodent GLP toxicology study. As of July 31, 2025,
under this guidance, n-Lorem has had >30 INDs approved
by the two neurological divisions, the ophthalmological divi-
sion and the cardio-renal division of the FDA, as well as one
clinical trial application (IND equivalent) approved by Health
Canada. Though there are suggestions that other countries
may establish guidance that facilitates ASO treatment and the
regulatory authorities in the UK have announced that they are
working on guidance for nano-rare patients, to date only the
US FDA has issued such guidance.

The n-Lorem process

n-Lorem responds to the needs of individual nano-rare pa-
tients and our process is initiated when a research physi-
cian submits an application for treatment, which is avail-
able on our website (Fig. 1). The n-Lorem process is derived
from >335 years of broad experience with PS ASOs of vari-
ous chemistries, designs, and mechanisms of action in a vast
array of cell types, including growing experience in iPSC (in-
duced pluripotent stem cell)- derived human cells, many an-
imal species, a large number of animal models, and hun-
dreds of clinical trials with ASOs administered via intravenous
(IV), subcutaneous (SC), intrathecal (IT), intravitreal (IVT),
aerosol, intradermally, and topically intended to treat a broad
range of diseases (for review, see references 5-13). “In pro-
cess” quality control is managed by several committees com-
prised of extramural and n-Lorem experts (Fig. 2). The specific
functions and compositions of each committee are provided in
the Supplementary materials.

In brief, several critical decisions must be made with regard
to every patient application. First, we must determine whether

it is appropriate to treat a patient with an ASO. Second, we
must determine whether we have an ASO that is satisfactory
to administer to a sick patient. Third, we must assure that
our treatment goals are focused on significant needs of each
patient and that we have prespecified clinical measures to as-
sess whether the patient is benefiting from treatment. Fourth,
the safety and tolerability profile for each patient must be as-
sessed quarterly and it must be determined that the risk/benefit
profile in each patient justifies continuing treatment quarterly.
Lastly, the performance of the entire portfolio is assessed quar-
terly.

Determining whether the patient applying for
treatment is appropriate to treat with an ASO

Upon receipt of an application, each is blinded with regard
to patient identity. We then evaluate the genotype and phe-
notype of the patient to determine whether the mutation is
potentially amenable to treatment with ASOs, if the primary
manifestations of the mutation are in an organ with which we
have the required experience to be comfortable treating with
a PS ASO, and finally, determine whether a number of admin-
istrative considerations are met satisfactorily (Fig. 3). Next,
we work with the submitting physician to define primary, sec-
ondary, and exploratory treatment goals and the clinical mea-
sures that will be used to assess whether the ASO results in
improvement in clinical characteristics that are important to
the patient. To make this determination we must thoroughly
understand the genotype and phenotype of the patient, the or-
gans affected, whether the patient has access to an appropriate
research physician and institution, and meets a number of ad-
ministrative requirements, as shown in Fig. 3. This requires
significant scholarship and consultation with the submitting
physician and relevant experts. These steps are performed by
senior n-Lorem team members.

Often, additional work is required to prove that the nature
of the mutation is well understood. A frequent issue requiring
additional work is to prove that the mutation is, in fact, the
sole cause of the entire cellular phenotype. Since more than
half of our patients require allele-selective RNase H1 ASOs,
another question that frequently needs to be addressed is the
level of allele-selectivity required. These questions and others
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Access to Treatment Committee (ATTC)

To advise on whether a patient should be accepted for potential treatment

Research Management Committee (RMC)

To assure that the ASO selected to treat a patient meets the highest standards

Study Treatment and Assessment Review (STAR)

To assure the treatment plan is optimal

FDA

To review each investigational new drug (IND) application and assure that the ASO and treatment plan meet standards

Institutional Review Board (IRB)

Each medical institution has an independent review committee to assure ethical treatment of patients

Data Safety Monitoring Board (DSMB)

To review all clinical safety data on a quarterly basis and determine whether safety profiles of the personalized ASOs are adequate.

Figure 2. The n-Lorem quality control committees (composition of committees presented in the Supplementary materials).
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Figure 3. Initial evaluation of applications for treatment. n-Lorem considers a variety of genotypic, phenotypic, and administrative issues.

can be addressed through iPSC derived from patients, but an-
swering these and other questions can be a cause for delay in
making a decision as to whether the patient should be treated
with a PS ASO. Rarely, a specific phenotypic characteristic of
a loss of function (LOF) mutation may result in delay or re-
jection of an application for an allele-selective RNase H1 PS
ASO targeted to treat a toxic gain of function (TGOF) mu-
tation. An excellent example of this type of issue is a patient
with a TGOF mutation in ATPase Nat/K* transporting sub-
unit alpha 3 (ATP1A3). This gene encodes the catalytic sub-
unit of a sodium channel. It is expressed primarily in the brain
and mutations in ATP1A3 result in clinical syndromes encom-
passed by the designation Alternating Hemiplegia of Child-
hood (AHC), a disorder characterized by transient hemiple-
gia and many other manifestations. Unfortunately, it has also
been reported that heterozygous LOF mutations can be as-
sociated with abrupt onset, severe, and progressive dystonia
[22]. Since it was unclear what level of reduction of wild type

(WT) ATP1A3 might be associated with this phenomenon, af-
ter discussing the issue with AHC experts, we had to decline
attempting to treat this patient. This example emphasizes the
need to integrate a thorough understanding of genotype and
phenotype with appropriate concern about patient safety. Ad-
vice from experts in the syndrome is also critical to assure that
these complex risk/benefit decisions are of the highest quality.

Presentation of the patient application to ATTC and
final decision on acceptance or rejection of
application

A formal presentation is then prepared by the n-Lorem team
and presented to the ATTC (access to treatment committee),
which is charged with providing advice concerning the advis-
ability of treating the patient with an ASO. We try to complete
the initial assessment and present the patient to ATTC within
6 weeks of receipt of each application. The ATTC provides ad-
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vice about complex risk/benefit judgements that are enhanced
from the perspectives of many types of experts. The final de-
cision to accept an application is then made by the n-Lorem
executive team.

PS ASO design, discovery, and preclinical
development

As ASOs can be designed to take advantage of several post-
RNA binding mechanisms, the type of mutation must be
clearly defined. This is typically analyzed in iPSC-derived pa-
tient cells by assessing the impact of reducing or altering the
target on the cellular phenotype, as well as a thorough review
of the literature.

Though ASO technology supports rational design and we
have mechanistic insights into several of the potential toxic-
ities, PK/PD properties (see references 6 and 7 for review), a
multistep screening process that involves significant numbers
of PS ASOs at each step is required to assure that an optimal
ASO is selected. The n-Lorem design algorithm and screening
processes are informed by more than three decades of experi-
ence in creating and advancing the technology. The design al-
gorithm prevents the use of problematic di-nucleotides, other
motifs, and ASOs designed to bind to repetitive sequences
such as poly-pyrimidine tracts, poly-adenine (A) tracts, and
Alu sequences. It also excludes sequences that are likely to
form internal structures or inter-oligonucleotide structures. Fi-
nally, it also excludes guanosine (G)-rich sequences that could
form G-quartets [23]. As a review of the literature would
suggest, typically PS 2’-MOE ASOs are 18-20 nucleotides in
length and gapmer designs usually include a 10-nucleotide PS
deoxynucleotide gap flanked by 4 or 5 2’-modified nucleotides
at 5’and 3’ flanks of the gap.

Since the complexity of the CNS demands that the screen-
ing process for IT-administered PS ASOs for CNS diseases be
more elaborate than that for non-CNS diseases and the ma-
jority of our patients have neurological disorders, as an exam-
ple, we will focus on the PS ASO discovery process n-Lorem
employs for PS ASOs to be administered IT. Based on >335
years of experience creating, advancing, and validating anti-
sense technology, we consider every step essential. Based on
experiments in which the number of ASOs evaluated at each
step were systematically varied (for example, in the initial in
vitro screen to identify active PS 2’-MOE gapmer ASOs, the
number of ASOs evaluated were varied from about 100 to
many thousands of ASOs necessary to tile the entire APOB
and the entire APOC3 pre-mRNA transcripts), we consider
the numbers of PS ASOs to be tested at each step to be the min-
imum number required to consistently identify optimal ASOs
suitable for clinical use. Similarly, the analytes measured at
each step were selected based on multiple experiments assess-
ing and validating the analytes and all are important to be
assessed (Table 1). Patient-derived fibroblasts, iPSCs, or iPSC-
derived neurons are used to both identify optimal ASOs and
assess the effects of ASO treatment on cellular phenotypes.
For RNase H1-activating PS ASOs, a minimum of PS gapmer
ASOs designed to bind to 400-500 sites in a target RNA are
typically screened at a single dose level. In most cases, the PS
ASOs are evaluated in iPSC-derived patient neuronal cells. As
a general rule, the single dose level screening identifies > 50 po-
tentially attractive PS ASOs, but at a minimum, we screen sites
until we identify 50-75 attractive PS ASOs to enter five-point
dose response evaluations in the same cells. Such an effort typ-
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ically identifies 20 or more PS ASOs that are attractive enough
to proceed to in vivo rat tolerability studies. Prior to initiating
in vivo testing, an in silico analysis of potential hybridization-
based off-targets is performed and if off-targets that may re-
sult in non-selective effects are identified, potential effects on
those targets by the lead PS ASOs are evaluated in the same
cells. Attractive PS ASOs are then administered to BJAB cells.
BJAB cells are a human B cell line derived from a Burkett
Lymphoma patient [24, 25] and the analyte measured is an
increase in CCL2 (C-C motif chemokine ligand 2) RNA de-
tected by polymerase chain reaction. The purpose of this step
is to identify any PS ASO that may have greater potential to ac-
tivate the innate immune system (see Supplementary Fig. S1).

For rodent tolerability and GLP toxicology studies of PS
ASOs administered I'T, we use the rat because that species can
be dosed via that route while the mouse must be dosed by in-
tracerebroventricular delivery. Rat tolerability studies are de-
signed to identify any PS ASOs that may have the potential
to cause adverse events (AEs) in humans that were not iden-
tified by in vitro assays. To assess tolerability, single doses of
3 mg are administered IT and the effects of the PS ASOs are
evaluated for 8 weeks post-dose. In the rat after IT dosing,
mechanistically there are at least four types of AEs that can
occur. Two acute or sub-acute events appear to be related to
the small volume of cerebrospinal fluid (CSF) (~300 ul) [20]
and the relatively high doses used in these studies. An acute
(within hours) sedation-type response is often observed and
is thought to be related to high local CSF PS ASO concen-
trations inhibiting synaptic traffic. As this effect can be ame-
liorated by reducing PS content, it is likely that disruption of
synaptic traffic is secondary to PS ASO binding to synaptic
signaling proteins located in the plasma membrane of cells at
the synapse [20, 21]. A sub-acute (hours to days) excitatory re-
sponse that may include seizures is also frequently observed.
This is thought to be secondary to chelation of divalent cations
(PS ASOs are effective chelators) and the AE can be amelio-
rated by formulating PS ASOs with magnesium [21]. To date,
we have not observed a human clinical response similar to
those observations in the rat. However, out of an abundance of
caution, we continue to terminate the development of PS ASOs
that result in exaggerated acute or sub-acute responses in the
rat.

Two other mechanisms are known to cause AEs in rats after
IT dosing. Some PS ASOs of all chemical classes can result in
direct cytotoxicity. The mechanism accounting for direct cyto-
toxicity has been shown to be due to forming toxic aggregates
containing PS ASOs, RNase H1, and paraspeckle proteins in
cells and in animals administered toxic PS ASOs systemically
[26, 27]. In the CNS, the precise mechanism is not as clearly
established, but Purkinje cells are uniquely sensitive to cyto-
toxic events in the CNS and Purkinje cell death is a strong
indicator of direct cytotoxicity [28]. The most frequently en-
countered AE in rats and in humans appears to be immune
activation, particularly innate immune activation. To assess
the risk of immunotoxicity, we evaluate markers of glial cell
and astrocyte activation [28, 29].

Design and discovery of optimal allele-selective PS
ASOs

TGOF mutations in essential genes require allele-selective PS
ASOs that can serve as substrates for RNase H1 when the
ASO is bound to target RNA, i.e. selectively reduce mu-
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Table 1. The n-Lorem process to identify optimal PS ASOs for CNS disease

Screening step

Purpose

Approximate minimum numbers
of ASOs typically evaluated

Minimum criteria

ASO design including in
silico off-target assessment

Primary ASO screen

Five-point dose response
evaluation of multiple ASOs
In vitro off-target analysis

Exclude motifs associated with
ASO structure, repeat sequences,
cytotoxicity, pro-inflammatory
effects and off targetsInclude
attractive motifs

To identify optimal sites in target
RNA for ASO and H-1 binding
To select at least 20 ASOs for in
vivo tolerability screening

To confirm selectivity of ASO for

Scan entire pre-mRNAApply
algorithms

~500
~50-75

As many as necessary

Motifs known to enhance
potency include; motifs
associated with potential
toxicities or non-specific
hybridization excluded
>80% target reduction

IC50 1 umol (free uptake)

~10-fold difference in IC50s for

target RNA versus any
off-targets that are expressed in
relevant cells and have important
functions

To exclude activators of innate
immunity

BJAB Assay

Single dose tolerability
screen in rodents at high
dose including
histopathology of CNS
Repeat dose GLP 3-month
rodent toxicity

GMP manufacturing

To identify optimally tolerated
lead ASOs

To identify NOAEL and target
organ effects

Ensure quality ASO drug
substance

Ensure quality, stable, and sterile
ASO drug product

Sterile fill and finish

target RNA versus off target

~50-75 Less than two-fold increase in
TNF-alpha at high ASO
concentrations

20 Exclude poorly tolerated
candidates and include ASO with
an optimal therapeutic index.
AIF1 GFAP. Microglia Astrocytes

1-3 A therapeutic index >10 with an
acceptable NOAEL

1 Pure, stable substance

1 Sterile vials for administration

AIF1: allograft inflammatory factor 1, GFAP: glial fibrillatory acidic protein

tant (MT) RNA (and protein) while sparing the WT RNA
(and protein). Obviously, this complicates the discovery pro-
cess and introduces additional requirements that must be ad-
dressed if the ASO discovery process is to be successful. Specif-
ically, it is essential to define the minimum allele-selectivity
required for the target which can vary depending on a va-
riety of factors. As a general rule, we seek at least five-fold
selectivity for MT versus the WT RNA. For some targets,
such as ion channels, at least 10-fold selectivity is required.
For the majority of targets submitted, the required level of
allele-selectivity must be defined by reduction of both the WT
RNA in control cells or both the WT and MT RNA reduc-
tion in the patient-derived cells, coupled to evaluation of the
cellular phenotype. A good example of this is a TGOF muta-
tion in mitogen-activated protein kinase 8 interacting protein
3 (MAPKSIP3), a gene that encodes c-Jun N-terminal kinase
(JNK)-interacting protein 3 (JIP3), a multifunctional protein
about which relatively little was known. This required quite
extensive effort to fully characterize the cellular phenotype
and evaluate the effects of MT and WT versus MT-only tar-
get reduction in control WT and patient-derived cells WT and
MT [30].

To design allele-selective RNase H1 PS ASOs, we usually
design PS ASOs to non-pathogenic single nucleotide variants
(SNVs) [31]. Therefore, we require long read sequencing and
phasing to identify all the SNVs and define whether they are
on the MT or WT allele. The more non-pathogenic SNVs, the
more likely the success and if two or fewer non-pathogenic
SNVs are present in a gene, success in creating an allele-
selective ASO is unlikely [19]. The preclinical development
steps for an allele-selective ASO are equivalent to a non-allele-
selective ASO.

Discovery and development of optimal PS ASOs to

alter RNA splicing

If a patient requires an ASO designed to alter RNA splic-
ing, the entire pre-mRNA transcript is evaluated to identify
canonical and non-canonical splice sites. Then, fully 2’-MOE-
modified PS ASOs are designed to tile each relevant splice site.
The effectiveness of ASOs designed to alter splicing is deter-
mined by evaluating RNA processing and the production of
the desired protein. Once a PS 2’-MOE ASO that effectively
corrects the causative miss-splicing event is identified, preclini-
cal development is similar to that of gapmer PS ASOs designed
to reduce target proteins.

Review and approval of the PS ASO to advance to
treat a patient

Once a decision to accept a patient for potential PS ASO treat-
ment is made, the next critical decision is to determine whether
the best PS ASO discovered has a profile sufficient to advance
it to treat the patient. Important considerations include po-
tency and selectivity for the target gene. For allele-selective
RNase H1 PS ASOs, the selectivity for the mutant RNA versus
the wild type RNA must be determined. For ASOs designed
to alter splicing, we assess the potency and efficiency of con-
version of the pre-mRNA to the desired splice form and the
level of production of the desired protein. Of course, for allele-
selective ASOs, splicing ASOs, and any other ASO mechanism,
the standard selectivity and safety parameters are studied as
well. In addition, the potential of the ASO for hybridization-
based off-target effects is evaluated in silico. The effects of the
ASO on any transcripts that are expressed in the cells of in-
terest that have a meaningful probability of hybridizing with
the ASO are then evaluated in patient-derived cells. Next, we
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assess whether the entire cellular phenotype is corrected by
the ASO. Attractive ASOs are then evaluated for safety and
tolerability in a number of specialized in vitro systems (dis-
cussed below) and rodent toxicology studies. At this juncture,
a detailed formal presentation is made to the Research Man-
agement Committee (RMC), a committee of ASO experts and
specialists in genetic diseases and clinical studies. In aggregate,
members of this committee have hundreds of years of experi-
ence with ASOs and several have worked in the ASO field
since the first companies were founded to pursue the creation
of the technology in 1988/1989. The RMC then submits its
recommendation to the n-Lorem executive committee, which
makes the final decision to advance an ASO to IND submis-
sion.

Establishing a clinical trial plan and protocol

During the preclinical development of the ASO and prior to
submitting an IND to the FDA, we collaborate with the sub-
mitting physician to develop the clinical plan, which includes
treatment goals and prespecified clinical outcome measures to
be assessed. The clinical plan is then presented to a committee
comprised of ASO and clinical trial experts, the Study Treat-
ment and Review (STAR) committee (Fig. 1). The IND is then
submitted to the appropriate division of the FDA. The proto-
col and informed consent are reviewed by the Institutional Re-
view Board (IRB) of the treating institution. Lastly, the overall
clinical performance, with particular focus on the safety and
tolerability of the entire portfolio of clinically administered
ASOs, is reviewed quarterly by the Data Safety Monitoring
Board (DSMB). We consider every one of these “in process”
quality assurance steps to be critical to providing optimal ASO
treatment to appropriate patients.

Modified cross-over clinical trial design

Historically, single-patient clinical trials have employed a
cross-over design in which a patient is treated with placebo
or a reference agent, and then administered the experimental
agent or vice-versa [32]. However, given the long duration of
ASO effects and the severity of the diseases that most nano-
rare patients present, we use a modified cross-over design.
During the time it takes to discover and develop an experi-
mental ASO for a patient, jointly with the treating physician,
we select primary, secondary, and exploratory treatment goals
and the standard clinical measures to be used to assess the ac-
tivity of the ASO. We then collect baseline data for 6 months
or longer (depending on how long it takes to initiate treat-
ment) and compare pretreatment to on-treatment assessment
of the agreed endpoints. This approach has effectively pro-
vided high quality data that quantitate benefit and potential
ASO AEs [33].

Dose ranges, frequency, and dose escalation
schemes

For IT-dosed ASOs, in large clinical trials, PS 2’-MOE ASOs
have been dosed as high as 120 mg every 8 weeks [34]. Given
that experience with clinical use of PS ASOs developed un-
der the nano-rare patient ASO guidance is limited, we have
chosen to dose very conservatively. We typically, then, initi-
ate dosing at 20 mg a month for 3 months (to more rapidly
achieve steady state CSF concentrations that are in the thera-
peutic range), and then dose quarterly. The quarterly dose is
escalated from 20 to 50 mg. We then typically treat at 50 mg
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quarterly for three doses, then escalate to 100 mg maximum
quarterly dosing. As we gain experience, we may increase the
starting dose, escalation schedule, and maximum dose.

For IVT-dosed PS 2’-MOE ASOs, dosing is typically initi-
ated at 60 pg in each eye quarterly for three doses, and then
every 6 months. Doses are escalated from 60 pg to120 ug, and
then 200 pg. For SC-dosed GalNAc PS 2'-MOE ASOs, the ini-
tial dose is typically 40 mg monthly. Doses are escalated to 80
mg, and then, if necessary,100 mg monthly.

The n-Lorem nano-rare patient research and
treatment network

Though we have made significant progress in establishing a
pan-USA network of outstanding clinical investigators expe-
rienced in the diagnosis and management of genetic diseases
(Fig.4), we continue to seek additional sites as it is often diffi-
cult for patients and families to travel.

Demand and demographics

Demand has greatly exceeded initial expectations (Fig. 5), ne-
cessitating much more rapid growth than planned. Though
we accept patients with diseases expressed in the eye, liver,
and kidneys, neurological diseases comprise the bulk of sub-
missions. 184 of 192 applications accepted for treatment have
been for patients with mutations that result primarily in CNS
manifestations. While it may be the case that pathogenic nano-
rare mutations that result in severe diseases are more preva-
lent in the CNS than other organs, we suspect that the dis-
parity in applications may also be secondary to a more robust
response of neurologists than other specialists to the oppor-
tunity presented by n-Lorem and potentially the greater need
for treatment of CNS disorders. As of July 31, 2025, we re-
ceived nearly 400 applications and completed initial process-
ing (determined whether the application could be accepted for
potential treatment or not) for 329 applications. The appar-
ent increase in the fraction of applications accepted (Fig. 5,
dashed line) is an artifact of a slight change in our process.
In 2023, we implemented an additional triage step by estab-
lishing a pre-application committee to identify incomplete or
inappropriate applications and this resulted in the apparent
increase of applications accepted. As expected, diverse genes
are affected by nano-rare mutations (Fig. 6); ~58% of the 329
applications for which the initial review has been completed
was accepted for treatment (Fig. 7a). The main reasons for re-
jection of applications for treatment were that mutations were
not considered amenable to current ASO treatment, diseases
were expressed in organs that we are not treating at present,
or an inadequate understanding of the phenotype and progres-
sion rate (Fig. 7b). As clinical investigators gain experience, we
anticipate that the fraction of applications that require addi-
tional work to enable a treatment decision will decline.

Our patients are not only children. In fact, ~30% of the ap-
plications received were for patients >18 years old (Fig. 7¢).
Approximately 64% of our patients had heterozygous TGOF
mutations in essential genes and required allele-selective
RNase H1 ASOs. Twenty-seven percent could be treated with
non-allele-selective RNase H1-activating PS ASOs. Nine per-
cent of patients required PS ASOs designed to alter splicing
and 1% (1 patient) required PS ASOs designed to increase the
translation of a specific protein. Other relevant demographic
characteristics are summarized in Fig. 7. A meaningful change
in demographics over the first 5+ years of operation is that the
fraction of applications for genes that were the subject of ear-
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Figure 4. The n-Lorem nano-rare treatment and research network.
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Figure 5. Cumulative applications by year.

lier applications has increased. The fraction of applications re-
ceived that expressed mutations in the same gene as a previous
patient in 2020 was 27%, and in 2024 and by July 31, 2025,
74 and 77%, respectively. As most applications have been to
treat mutations with CNS manifestations, the increasing frac-
tion of genes that were the subject of previously submitted
applications suggests that we may have a reasonable represen-
tation of the types of genes involved in nano-rare diseases with
CNS manifestations. Further, the fraction of applications for

* Actively Treating

Treatment not yet initiated

2023 2024 2025 2026

Year

patients expressing the same pathogenic variant has increased
from 21% in 2020 to 57% in 2024. This shift has important
implications with regard to cost per patient as the cost to use
a pre-existing ASO to treat new patients is a small fraction
of the cost of discovering and developing a new ASO. We at-
tribute a significant fraction of this shift to very active patient
groups and investigators responding to the availability of po-
tential treatments. As a result of these trends, the number of
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Submitted Accepted Treated
ADSSL1 AFF4 AFG3L2 ANO5 APAML ARX ASAH1 ATP13A2 ATP1A3 ATP6VOC - - -
ATRX BRAF CACNAIC CDKLS CHAMP1L CHASERR CLN3 COL6A2 CRB2 CYFIP2 - - - ELP1
DEAFL DES DHPS DNAJB2 DNM1L DNMT1 DYNC1H1 EIF4A2 ERCC6 ERCC8 - - - FLVCR1 GARS1
o || o || roer |[ e || e || o || cwen |[ cenen || e || sce ---
IRF3BPL KCNC1 KCNQ3 KCNT1 KCNT2 KCTD? KIF5A KLHL20 KMT5B LMBRD2 - - - KIF1A LMNB1
LMNA LNPK MANBA MAST4 MECP2 MED13L MEF2C MFN2 MFSD8 MN1 - - - markairs l pacst
MORC2 MT-ND1 MTAP MTOR MYH7 MYTIL || NAB2/STAT6 NEK1 NPC1 NR2F1 - - - ERELR
NUBPL 0sTM1 pPC PEX1 PIGA PIGN PIGS POLR3A PPP2RSD PPP3CA
PRNP PRPF31 PSAP PURA PRYOXD RAC1 RARB RAX2 RFC1 RHOB1
TARDBP BB4A
RNF2 SBF1 SCA7 SCN9A SGPL1 SLC6AL SMARCA2 SMS SPAST SPATA7 - - - -
SPECCIL SPEG SPG11 STXBP1 SYNE1 szT2 TAOK1 TCF4 TECPR2 THAP12 - - -
TIMMDC1 TNPO2 TREX1 Tsc2 TN TUBB2A TUBB2B TuBB3 TuBB4B UFM1 - - -

Figure 6. Summary of affected genes submitted. Submitted applications (white boxes), accepted applications (gray boxes), and genes of patients
currently treated (burgundy boxes).

a. b.
n=20
15.2%
No ASO Strategy
3 Accepted
Bl Declined Srlg\,‘;ﬁ;f;epe
mm Canceled/Withdrawn No Physician
Out of Area Ex-US
15.9%
Total # applications = 329 Total # of applications declined = 132
Age at Application Submission
120+
C. er
— Age of Application
100 <18 vs. 218
— m <18
80 - =18

404

T T T T T
<5years 25-12 years 212-18 years 218-60 years 260+ years Total = 329
Age Range

Figure 7. Patient demographics and ASO characteristics. (a) Fraction of applications accepted (orange), declined (burgundy), or withdrawn (black). (b)
Reasons for rejection of applications (orange: no ASO strategy, burgundy: out of scope, white: too prevalent, gray: no physician, and red: ex-US). (¢) Ages
of patients who applied for treatment by age group (left panel); applications for patients under 18 (orange), and over 18 years of age (burgundy) (right
panel).
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ASOs being used to treat multiple patients has increased sig-
nificantly (Table 2).

The n-Lorem pipeline

The n-Lorem pipeline is shown in Fig. 8. Our goal is to process
all applications and provide a response to the submitting in-
vestigator within 6 weeks of receipt of the application. Exclud-
ing applications that required additional work to determine
eligibility for treatment, the average time from submission of
an application to a decision was 74 days. Though our goal is
to initiate dosing of patients within 18-24 months of accep-
tance of an application, since the demand exceeded available
funding, the average time to treatment to first dose was >2
years.

To date, we have filed US INDs to the two neurological divi-
sions, the cardio-renal and the ophthalmological and the rare
disease divisions of the FDA, and one Clinical Trial Applica-
tion (equivalent to a US IND) to Health Canada, vastly ex-
ceeding our original plans. Though the reviews by the FDA
have been thorough and we have had to respond to numerous
queries, all five of the divisions with which we have interacted
have responded constructively and rapidly in accord with the
guidance. We have had no INDs rejected.

Clinical safety and tolerability
Typical safety assessments

After administration of PS 2’-MOE ASOs, any symptoms sug-
gestive of an AE are evaluated and all standard safety as-
sessments are performed. For ASOs delivered IVT, additional
safety is evaluated by the treating ophthalmologist at each
clinical visit. The assessments typically include evaluation for
inflammation, cataract development, effects on visual fields,
and acuity. Electroretinograms are also typically performed.
For IT-administered PS 2'-MOE ASOs, additional studies can
include CSF opening pressure and CSF cellularity, and protein
content are routinely monitored and MRIs are conducted if
indicated [31].

Safety data are reviewed quarterly by the DSMB, comprised
of external experts in ASO technology and clinical trials of
novel experimental medicines. A full manuscript describing
the safety and tolerability of n-Lorem PS ASOs as of January
2023 has been reported [19] and an updated analysis of safety
and tolerability has been submitted for publication. There-
fore, in this perspective, we simply provide an overview of our
experience to date. As of July 31, 2025, our safety database
(Table 3) was comprised of data from >32 patients, most of
whom express pathogenic mutations that alter CNS functions
and receive monthly IT dosing for the first three doses, and
then quarterly dosing. One patient with retinal manifestations
has been treated IVT quarterly initially, then every 6 months
and one patient with serum amyloid1 (SAA-1)-related renal
amyloidosis has been treated subcutaneously (SC) monthly.
The total number of doses administered is >180, >10 patients
have been treated for >1 year with one patient approaching
3 years of treatment. As expected, numerous AEs have been
reported across patients with rare diseases (Fig. 9). Of AEs as-
sociated with ASO administration, 37% were considered pos-
sibly or definitely related by the investigators (Fig. 9b) and es-
sentially all of the administration related AEs occurred in pa-
tients who were treated IT. All the drug administration-related
AEs were consistent with expectations for I'T administration
and were comprised of headaches or pain at the site of lumbar

puncture. Seventy percent of all reported AEs were considered
“mild” in severity (Fig. 9¢). Across all reported events, 10%
were serious adverse events (SAEs) (Fig. 9d). No ASO-related
SAEs have been reported and of the AEs reported, 27% have
been considered possibly-ASO related (Fig. 9a).

One ASO-related AE has been identified in a female patient
with a heterozygous TGOF mutation in kinesin family mem-
ber 1A (KIF1A), an isoform of kinesin that acts as a motor
to enable endosomes to move along microtubules. The mu-
tation results in severe, progressive neurodegeneration. This
patient [34] was severely affected at initiation of treatment
and continues to demonstrate significant benefit in all affected
domains and has been treated for almost 3 years (see below).
However, over the past 12 months, the patient has experienced
transient mild fevers occurring shortly after IT dosing. These
symptoms recurred after each dose despite pretreatment with
corticosteroids and discontinuation of the anesthetic, propo-
fol, used to facilitate IT dosing. To our knowledge, this AE
has not been observed with any other IT-administered PS 2’-
MOE ASO. Consequently, we have reported this to the FDA
and amended informed consents. Because the patient contin-
ues to demonstrate remarkable benefit, we are continuing to
treat at a lower dose while carefully monitoring CSF pressure,
CSF complement split products, and cytokines. A manuscript
that describes this AE in detail is being prepared.

Clinical benefit

Though we are confident that the modified cross-over clinical
trial design is providing high quality reasonably quantitative
data [31], we prefer the term, benefit, rather than efficacy as
efficacy has been associated with results obtained in random-
ized, well-controlled clinical trials in groups of patients with
a shared diagnosis. As of July 31,2025, 22 patients have been
treated for >6 months and are evaluable for analysis of bene-
fit. All 13 of the non-ALS patients have met protocol-specified
endpoints for benefit. In fact, in most evaluable patients, the
benefit observed has been substantial [19, 31]. Details of all
patients have or will be published as clinical case reports. In
one patient with a mutation in the SAA-1 gene that results
in misfolding and precipitation in kidneys, prior to initiating
treatment the glomerular filtration rate (GFR) had been de-
clining by 5~7 ml/min/m? per year and the patient experienced
significant proteinuria. After 6 months of treatment, SAA lev-
els were significantly reduced, and eGFR has been stabilized
for >12 months.

Similarly, a single patient with a genetically caused retinal
disorder has been treated for sufficient time (>1 year) to assess
benefit. This patient expresses a missense mutation in exon 8
of FLVCR-1 (feline leukemia virus choline receptor subgroup-
related protein 1) gene that results in a novel 3’ splice site that
causes defective splicing, thereby inactivating the protein. As
FLVCR-1 protein is a choline transporter, clearance of iron
from the cytoplasm of neuronal and retinal cells is reduced.
The syndrome includes severe ataxia, loss of proprioception,
and insensitivity to pain, as well as progressive vision loss.
Because the patient’s vision loss was progressing rapidly and
blindness would exacerbate the issues associated with ataxia,
loss of proprioception, and pain insensitivity, the choice was
made to attempt to delay or prevent further vision loss by
treating IVT. No ASO-related AEs have been observed, and
visual acuity has been stable for more than a year.

As of July 31, 2025, 9 of 11 ALS patients with a
pathogenic variant in Coiled-Coil-Helix-Coiled-Coil-Helix
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I Patient Baseline/ Standard of Care Data Collection
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>360 Applications submitted to Date

>200 Patient-directed Drug Discovery Programs to Date

>30 INDs Submitted
4 Divisions of the FDA Supportive

Figure 8. The n-Lorem pipeline.
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Figure 9. Safety and tolerability of clinically administered PS ASOs: (a) AE relatedness to administration of study drug: not related (gray) and possibly
related (orange). (b) AE relatedness to drug administration: not related (gray), possibly related (orange), and definitely related (burgundy). (e) Severity of
AEs: mild (gray), moderate (orange), and severe (burgundy). (d) Distribution of reported AEs: non-serious AEs (gray) and SAEs (burgundy).
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Table 2. ASOs used to treat more than one patient

ASO Gene ASO Strategy Patients Treated
nL-KIF1-001 KIF1A RNasel (Allele-selective) 2
nL-TARD-001 TARDBP RNasel (Allele-selective) 2
nL-TUBB4-001 TUBB4A RNasel (Non-allele-selective) 1
nL-ATN1-002 ATN1 RNasel (Non-allele-selective) 2
nL-CHCHD10 CHCHD10 RNasel (Non-allele-selective) 9
nL-RNPH2-001 HNRNPH2 RNasel (Non-allele-selective) 3
nL-IKBK-001 ELP1 Splicing 2

Kinesin family member 1A (KIF1A), TAR DNA-binding protein (TARDBP), tubulin beta-4A (TUBB4A), atrophin 1 (ATNT1), coiled-coil-helix-coiled-coil-
helix domain-containing protein 10 (CHCHD10), heterogeneous nuclear ribonucleoprotein H2 (HNRNPH?2), phosphofurin acidic cluster sorting protein 1

(PACS1), elongator acetyltransferase complex subunit 1 (ELP1).

Table 3. The safety database

Number of INDs >335
Number of patients treated >335
Total patient years of treatment >30 years
Number of ASO doses administered >180

Maximum duration of treatment >2.5 years

Domain-Containing Protein 10 (CHCHD10) associated ALS
are partially evaluable for benefit. All nine patients have expe-
rienced declines in neurofilament light chain, however, given
the naturally slow rate of progression of CHCHD10-ALS,
more evaluation time will be required to determine whether
this biomarker change is associated with functional stabiliza-
tion or improvement. One patient who had quite advanced
disease ALS [ALS-FRS of 16 (of 48) at initiation of treatment]
succumbed to an RSV (respiratory syncytial virus) pneumonia,
unrelated to treatment.

Table 4 presents the genotypic and phenotypic characteris-
tics of the patients with non-ALS CNS diseases as well as the
prespecified treatment goals and clinical measures and sum-
maries of the benefits observed. The patients display muta-
tions in genes that encode several functional classes of proteins
that are associated with an array of manifestations.

Limitations

Though ASO technology is versatile, true null mutations can-
not be addressed with this technology unless there is a par-
alog that can be increased or altered to compensate for the
functions lost due to the null mutation. Nor can we use ASOs
to address genomic deletions. However, many LOF mutations
can potentially be addressed by altering RNA metabolism and
processing or upregulation of translation [35, 36]. We also
limit our efforts to hepatic and renal targets after SC ad-
ministration, retinal mutations treated IVT and CNS diseases
treated I'T because we have detailed understanding of the sub-
organ PK/PD of PS ASOs of several chemical classes in those
organs [37, 32]. Lastly, largely because of resource limitations,
with the exception of one patient in Canada, we are currently
treating only patients located in the USA.

Conclusions and future perspectives

Our experience provides important added insights into the di-
agnosis and management of extremely rare genetic diseases.
We believe that the vast majority of patients with pathogenic
nano-rare mutations are never diagnosed and we have re-
ported that time from symptom onset to diagnosis is almost 5
years with the time to diagnosis ranging from 1 month to 36
years [19]. These data demonstrate the critical need to intro-
duce whole genome sequencing into newborn screening and
diagnosis. Only when all humans are sequenced at birth will

the true prevalence of each extremely rare mutation be known
and only then will it be possible to intervene early in the patho-
logical process.

The number of applications for treatment received speaks
to the scale of the challenge of extremely rare genetic diseases.
Though each mutation may affect only a few humans, the to-
tal prevalence of extremely rare genetic diseases is quite large
as demonstrated by our experience. The costs to healthcare
systems around the world of care of such patients is signifi-
cant, suggesting that non-profit models are unlikely to be suf-
ficient to address the total population of extremely rare ge-
netic diseases. New models may be needed in which the stud-
ies required for regulatory approval are feasible and encour-
age commercial development of novel medicines. New ap-
proaches to pricing novel medicines for extremely rare dis-
eases may also be required if all patients are to have access to
therapies.

We have previously reported that nano-rare mutations, like
other pathogenic mutations, can result in divergent pheno-
types [19]. While this is not surprising, as we gain experience,
our data and the thoroughness of genotypic and phenotypic
analyses should provide a tool of increasing value for clini-
cians who care for patients with nano-rare mutation-caused
diseases.

Importantly, the safety and tolerability profiles of the ASOs
discovered and developed by n-Lorem and administered clin-
ically suggest that the guidance issued by the FDA provides
sufficient protection against AEs if ASOs are discovered and
developed by organizations with the requisite experience and
rigorous ASO discovery and development processes, particu-
larly when coupled to cautious dose escalation schemes. Our
experience also argues that an industrialized approach, such
as that established at n-Lorem, is an effective means to as-
sure quality judgements about treatment decisions. Our pa-
tient with a KIFIA mutation and treated for almost 3 years
has experienced an ASO-related AE that seems to be novel and
concerning. The precise mechanism accounting for the AE is
not understood. Another patient with a TGOF mutation in
KIF1A and amenable to treatment with the same ASO has,
to date, experienced no ASO-related AEs. However, this pa-
tient is younger and less severely affected and has been treated
for less time than the patient who has experienced the ASO-
related fever.

The versatility of ASO technology is demonstrated by the
organs treated, routes of delivery employed, and the mecha-
nistic classes of ASOs used. Key advantages include efficiency,
rapidity, cost effectiveness of drug discovery, and the ability to
predict basic PK/PD properties of an experimental ASO based
on previously tested ASOs of the same chemical class.

Given the experience with PS 2’-MOE ASOs [5-8], it is
not surprising that an ASO administered IVT met prespeci-
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fied benefit endpoints in a patient with retinal disease or that
an SC-administered ASO stabilized renal function in a pa-
tient with SAA amyloid kidney disease. Similarly, prior experi-
ence in ALS might have predicted success in other genetically
caused types of ALS as we have observed in CHCHD10 pa-
tients. However, we also saw significant unexpected benefits
in our patients. The impressive reductions in seizure activity
observed in several patients with mutations in different genes
are notable. Similarly, the reduction in neuropathic pain ob-
served in a KIF1A patient and the improvement in autonomic
dysfunction noted in a few patients as well as improvement in
autistic symptoms in several patients are important new ob-
servations for the technology.

The recovery of functions previously lost by the patients
with pathogenic mutations in KIF1A, Atrophin-1 (ATNT1), the
sodium voltage-gated channel alpha subunit 2 (SCN2A), and
other genes plus the acquisition of new skills such as walk-
ing independently, catching a ball, and other skills in our pa-
tients may encourage more optimism about recovery or acqui-
sition of developmental milestones. Our experience demon-
strates that these patients are unique “experiments of nature”
and can provide important insights into health and disease.

Challenges remaining

The single greatest challenge to responding to the needs of
the nano-rare patient is the scale of the demand. The num-
ber of applications for treatment has been much larger than
expected, requiring more rapid growth than planned and the
recruitment of vastly more funding than expected. In fact, our
industrialized systems are readily scalable and could meet the
demand, but the recruitment of funds has not kept pace with
the demand. This means that today there is a growing num-
ber of patients for whom treatment is delayed. In response, we
have more rapidly implemented partnerships with commercial
organizations as a means of supplementing the donations we
receive. Longer-term, some form of commercial approval in
which the scale of regulatory demands for approval is matched
to scale of the patient population for an individual mutation,
may be essential. To be affordable, novel commercial models
may be needed.

Certainly, a single small non-profit like the n-Lorem Foun-
dation cannot solve the scale problem, but our demonstration
of the benefits of ASO treatment of patients appropriate to
treat with ASOs may provide the proof of principle needed to
encourage implementation of more holistic solutions. We have
benefitted from the commitment of the FDA to address the
needs of nano-rare patients, and we believe that the existing
guidance can serve as a basis to establish a path to commercial
approval. However, for the entire nano-rare patient popula-
tion to have access to effective treatments, new approaches to
pricing may be required [33]. Further, to economically justify
the investment in the diagnosis and treatment of nano-rare
patients, better data on the costs of care for untreated nano-
rare patients are needed for comparison. Certainly, our experi-
ence suggests that the economic impact of nano-rare diseases
is quite significant and extends well beyond the direct costs
of care for patients because in most cases, at least one wage-
earner must stop working to care for these severely affected
patients.

Addressing the needs of nano-rare patients around the
world is the second major challenge. Though we have been un-
able to expand beyond the US because of funding limitations,
the challenges are more complex than simply funding. To date,
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no country other than the US has established clear regulatory
guidance that would facilitate advancing ASO treatments of
nano-rare patients in other countries. We are hopeful that the
FDA’s pioneering guidance for ASOs for nano-rare patients
can serve as a model for other regulatory agencies.

The limitations of antisense technology is a third major
challenge. LOF mutations are the most frequent reason to re-
ject an application for treatment. Obviously, true null muta-
tions are not amenable to ASO treatment, but multiple mech-
anisms that increase the translation of specific proteins have
been developed [35, 36, 38, 39] and efforts to enhance the
performance of ASOs designed to increase levels of specific
proteins may make it possible to treat many patients with
LOF mutations. For true null mutations, gene replacement or
gene editing may be the only viable approaches, but significant
technological advances will need to be made before either ap-
proach is facile, cost-effective, and safe enough to be used on
the scale required.

Achieving a more holistic solution

To achieve a more holistic solution, we think that a path to
commercial approval may be essential. Since the impediments
to commercialization of ASO for nano-rare diseases are pri-
marily economic, to be effective, solutions must address fac-
tors that result in unattractive returns on investments, partic-
ularly compared to investments in more prevalent disease in-
dications. In that regard, the FDA recently took an important
first step when it published draft guidance for commercial-
ization of drugs for extremely rare diseases [40]. What may
be particularly important about the draft guidance is that it
builds on the current guidance for ASOs of well-understood
chemical classes for nao-rare patients. The guidance for ASOs
addresses two economically critical issues as it facilitates a
rapid, relatively inexpensive path to acquiring clinical data
in relevant patients. This rapid, cost-effective path to acquire
clinical data supports access to data that can substantially re-
duce the risk of technical failure. Such data will support a sig-
nificant reduction in the discount imposed on product oppor-
tunities at the time the decision to invest in developing a prod-
uct candidate must be. Since the discount for risk of technical
failure is very high, a significant reduction in that discount will
enhance the imputed return on investment (ROI) for drugs for
extremely rare diseases.

A second key component implied in the draft commercial
guidance is a significant reduction in total cost of develop-
ment, facilitated by a reduction in the demands for clinical
data. Though not explicitly stated, if the guidance that is is-
sued builds on the existing nano-rare IND guidance, it will re-
duce the demands for preclinical studies and facilitate rapid,
relatively inexpensive acquisition of clinical data in the rele-
vant patient population. The combination of enhanced prob-
ability of success and reduced cost of development should
dramatically enhance the imputed ROI for investments in ex-
tremely rare indications. That said, our experience and ad-
vances in our understanding of traditionally defined diseases
suggest that new approaches to Phase 3 studies and mar-
keting may be needed. More than half of our patients ex-
press pathogenic mutations in genes that encode essential gene
products and consequently require allele-selective ASOs. Since
non-pathogenic SNVs are targeted to achieve allele-selectivity,
for diseases like KIF1 A disease, several ASOs are required to
treat the entire patient population. Since mounting multiple
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Phase 3 studies would be quite expensive, new Phase 3 de-
signs that test several genetic medicines targeted to different
non-pathogenic SNVs might be evaluated in a single Phase 3
study and this would reduce Phase 3 costs significantly. Such
a Phase 3 study design has been proposed [41]. Moreover,
recent progress in ALS suggests that many traditionally de-
fined disease populations may be comprised of patients with
pathogenic mutations in a number of genes [41], necessitat-
ing Phase 3 studies of several drugs that target correction of
mutations in several different genes. Though a bit more com-
plex, the cost of Phase 3 studies might be reduced via a similar
composite design. Irrespective of the reason that several drugs
may be required to treat an entire patient population, or the
type of Phase 3 program, it seems likely that new approaches
to marketing may be required as well. Rather than achieving
an attractive ROI with a single “blockbuster” drug, commer-
cial companies may need to become comfortable building a
market by commercializing several drugs for a traditionally
defined disease such as ALS.

In sum, the n-Lorem industrialized processes that assure ap-
propriate patients are treated with optimal ASOs demonstrate
that significant benefit in many patients may be achieved with
an attractive safety and tolerability profile. Importantly, at-
tention to the desperate needs of the nano-rare patient pop-
ulation has increased rapidly and there is significant evidence
that innovative, broadly enabling, more efficient drug discov-
ery platforms such as ASO technology, coupled to novel reg-
ulatory approaches and new commercial approaches, may re-
sult in more holistic solutions that address the needs of the
entire nano-rare patient population in an affordable fashion.

To learn more about the important work n-Lorem is do-
ing, please visit n-Lorem’s website (www.nlorem.org), and
if interested in collaborating with n-Lorem please email
info@nlorem.org.
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