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RESEARCH ARTICLE

Combination of ciprofloxacin/celecoxib as a novel therapeutic
strategy for ALS
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Abstract
Objective: This study aimed to evaluate the safety and tolerability of a fixed-dose co-formulation of ciprofloxacin and
celecoxib (PrimeC) in patients with amyotrophic lateral sclerosis (ALS), and to examine its effects on disease pro-
gression and ALS-related biomarkers. Methods: In this proof of concept, open-label, phase IIa study of PrimeC in 15
patients with ALS, participants were administered PrimeC thrice daily for 12 months. The primary endpoints were
safety and tolerability. Exploratory endpoints included disease progression outcomes such as forced vital capacity,
revised ALS functional rating scale, and effect on algorithm-predicted survival. In addition, indications of a biological
effect were assessed by selected biomarker analyses, including TDP-43 and LC3 levels in neuron-derived exosomes
(NDEs), and serum neurofilaments. Results: Four participants experienced adverse events (AEs) related to the study
drug. None of these AEs were unexpected, and most were mild or moderate (69%). Additionally, no serious AEs
were related to the study drug. One participant tested positive for COVID-19 and recovered without complications,
and no other abnormal laboratory investigations were found. Participants’ survival compared to their predictions
showed no safety concerns. Biomarker analyses demonstrated significant changes associated with PrimeC in neural-
derived exosomal TDP-43 levels and levels of LC3, a key autophagy marker. Interpretation: This study supports the
safety and tolerability of PrimeC in ALS. Biomarker analyses suggest early evidence of a biological effect. A placebo-
controlled trial is required to disentangle the biomarker results from natural progression and to evaluate the efficacy
of PrimeC for the treatment of ALS.

Summary for social media if published
Twitter handles: @NeurosenseT, @ShiranZimri

� What is the current knowledge on the topic? ALS is a severe neurodegenerative disease, causing death within
2–5 years from diagnosis. To date there is no effective treatment to halt or significantly delay disease
progression.

� What question did this study address? This study assessed the safety, tolerability and exploratory efficacy of
PrimeC, a fixed dose co-formulation of ciprofloxacin and celecoxib in the ALS population.

� What does this study add to our knowledge? This study supports the safety and tolerability of PrimeC in ALS,
and exploratory biomarker analyses suggest early insight for disease related-alteration.

�These authors contributed equally to the study.
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� How might this potentially impact the practice of neurology? These results set the stage for a larger, placebo-
controlled study to examine the efficacy of PrimeC, with the potential to become a new drug candidate
for ALS.

Keywords: ALS, PrimeC, biomarker, combined therapy, clinical trial

Introduction

Amyotrophic lateral sclerosis (ALS) is a severe
neurodegenerative disease characterized by pro-
gressive deterioration of motor neurons, leading to
muscle paralysis, and ultimately death within 2–5
years from onset (1).

The pathogenesis of ALS is not fully elucidated
and involves multiple pathophysiological pathways,
including neuroinflammation (2), iron accumula-
tion (3), dysregulation of microRNA metabolism
and aberrant RNA binding proteins (4) among
others. The multifactorial nature of the disease
and the lack of a clear leading pathogenesis points
to a combination of pathways, contributing to neu-
rodegeneration in ALS – a multifactorial pathogen-
esis requiring multi-targeted therapy.

PrimeC is a combined formulation composed
of unique doses of ciprofloxacin and celecoxib,
which aim to synergistically inhibit the progression
of ALS by addressing the three aforementioned
pathologies.

Ciprofloxacin is a fluoroquinolone antibiotic
which has been shown to bind the RNA-binding
protein TRBP, facilitating its association with the
RISC-loading complex, regulating microRNA
processing (5). Imbalance in these processes is
observed in ALS and other neurodegenerative dis-
eases (6). Ciprofloxacin is also an iron chelator
(7). There are various examples of iron chelators
reducing iron stores in the brain that are neuropro-
tective in neurodegenerative diseases (8).

Celecoxib is a non-steroidal anti-inflammatory
drug (NSAID) best known for its selective COX-2
inhibition, with additional COX-2-independent
mechanisms responsible for its anti-inflammatory
action (9). Celecoxib was not beneficial in ALS
when given at high doses as a single agent (10).

However, pre- clinical studies combining cele-
coxib with ciprofloxacin showed a synergistic
effect, with benefits to motor function, as well as
the morphology of CNS cells (11).

Here we report the findings from a proof of
concept, open-label, phase IIa study that evaluated
the safety, tolerability and exploratory target
engagement markers of an oral administration of
PrimeC in people with ALS. Indication for bio-
logical activity was evaluated by measuring selected
biomarkers including serum neurofilament levels,
which have been studied extensively in ALS (12).

Additionally, exosomal levels of two enzymes
related to ALS pathology were measured: TAR-
DNA binding protein 43 (TDP-43), which
increases with disease progression (13) and
Microtubule-associated proteins 1A/1B light chain
3B (LC3) representing autophagy, which is
impaired in various neurodegenerative disease,
including ALS (14).

Methods

Trial design and oversight

This was a 12-months, open-label, phase-IIa study
aimed at evaluating the safety and tolerability of a
fixed dose combination of celecoxib and cipro-
floxacin (PrimeC immediate release, hereby
referred to as PrimeC) given orally thrice daily.
The study enrolled participants at Tel-Aviv
Sourasky Medical Center (TASMC), Israel from
November 2019 through January 2020. The study
protocol was approved by the TASMC Helsinki
Committee for Human Rights (0553-19-TLV) and
is registered on clinicaltrials.gov NCT04165850.
All participants provided written informed consent
at screening. The trial was designed by and con-
ducted through TASMC, in collaboration with
NeuroSense Therapeutics.

Participants were evaluated and monitored in
the clinic every 3 months, and in between were
evaluated by phone visits as described in Figure 1.

Participant selection criteria

Participants were diagnosed with either familial or
sporadic ALS and fulfilled the World Federation
of Neurology revised El Escorial criteria of labora-
tory-supported probable, clinically probable, or
definite ALS (15), had a disease duration of less
than 36 months and were on a stable dose of edar-
avone and/or riluzole. Participants with a forced
vital capacity (FVC) less than 50% predicted for
age, height, weight and sex were excluded, as well
as those unable to swallow capsules.

Trial procedures and outcomes

The primary outcomes of the study were the safety
and tolerability of PrimeC administration, defined
as the incidence and severity of treatment-emer-
gent adverse events (TEAEs), as well as by
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monitoring the causes for treatment discontinu-
ation and incidence of abnormal laboratory results.
Safety assessments included quarterly in-clinic
evaluations of AEs, as well as vital signs, electro-
cardiogram, and safety laboratory evaluations
including blood count and full biochemistry.

Exploratory outcomes included FVC, expressed
as percentage from predicted for age, height,
weight and sex, measured with a Koko spirometer
(nSpire Health, USA) and the revised ALS func-
tional rating scale (ALSFRS-R) (16), which con-
sists of 12 questions across four subdomains of
functions (bulbar, fine motor, gross motor, and
respiratory) with each item scored on an ordinal
scale from 0 (no function) to 4 (fully functional);
total scores range from 0 to 48, with higher scores
indicating better function.

Additional exploratory outcomes measured
PrimeC target engagement by analyzing the levels
of two key neuron-derived exosomal (NDE) ALS-
pathology-related enzymes: TDP43 and LC3, and
measurements of serum neurofilaments concentra-
tions (neurofilament light and phosphorylated
heavy chains (NFL and pNFH, respectively).

Biomarker assay

Sample collection. Clinical study: Blood samples
from NST002 participants were collected and
stored for biomarker analysis once pretreatment
and twice during treatment at approximately 6 and
12 months. After collection, samples were centri-
fuged at room temperature at 1,000RPM for
10min and sera were stored at �80 �C.

Baseline study: Blood samples of broadly age
and sex-matched ALS (N¼35) and healthy con-
trol (N¼ 25) samples were obtained from the
NEALS biorepository, and basal levels of TDP-43
and LC3 in controls and people with ALS were
compared. Samples were centrifuged at 1750G at
room temperature for 10min and stored
at �80 �C.

Isolation and identification of neuron-derived
exosomes. Serum samples were thawed on ice
and were isolated using NeuroDex ExoSORTTM

proprietary protocol for immunocapture of NDEs.
Briefly, the isolation is based on precipitation of
total serum NDEs followed by immunoaffinity iso-
lation with two antibodies specific to neuronal

surface markers. The isolated NDEs were lysed in
a buffer that contains protease and phosphatase
inhibitors and stored at -80C until assays.
Importantly, the isolated NDEs were characterized
according to MISEV (17), including electron
microscopy, nanoparticle tracking analysis, and
western blot analysis (18).

Immunoassays for LC3, and TDP43 quantifi-
cation. LC3 and TDP-43 were quantitatively
measured in the NDE protein extracts using
Human LC3 DuoSet ELISA (R&D Systems, Cat.
No DY8558-05), and ELISA kit for TDP43
(MyBioSource, Cat No MBS2019049) per manu-
facturer’s instructions. LC3 was measured in five-
fold dilution (equivalent to 60ul original serum),
and TDP43 was measured in 2.5-fold dilution
(equivalent to 120 ml original serum). NDEs were
analyzed for levels of CD81, a pan-exosomal
marker, in order to quantify the exosomes
extracted, to ensure similarity between samples.

Neurofilament analysis. The concentrations of
NFL were assessed with the use of the Simoa NF-
light advantage assay (Quanterix), and concentra-
tions of pNFH with the use of the Simple Plex
Ella immunoassay (Protein Simple) pNFH quanti-
fication. pNFH serum levels were measured
through the ELLA microfluidic (Protein Simple)
according to the manufacturer’s instructions.

Statistical analysis

Participants’ baseline characteristics were
expressed as either mean (standard deviation) or
number of cases (percentage). For each partici-
pant, we determined the prognostic risk profile
using the ENCALS survival prediction model (19)
and the Origent survival model (20–22), and cal-
culated their probability to survive 12 months,
conditional on being alive at screening.
Participants were ranked based on their survival
probability to assess the ‘expectedness’ of dropout
due to death (i.e., were participants that died dur-
ing follow-up also the ones with the worst ranked
survival probability?). The ENCALS survival pre-
diction model was originally established in order to
be used as an inclusion criterion instead of arbi-
trary eligibility criteria, as well as to stratify ran-
domization (19), and has since been used in

Figure 1. NST002 Study participant flowchart. Participants’ disposition in an open-label 12 months of dosing study.

Ciprofloxacin/celecoxib therapeutic strategy for ALS 265



clinical trials to this end (23). The Origent models
have similar goals (24).

In addition, AEs were coded to preferred terms
from the MedDRA library (version 23.0) and
reported as frequency (proportion). Tolerability
was defined as the ability to complete the 12-
month dosing period on the study drug.

On an exploratory basis, we evaluated the
mean monthly change in clinical markers for dis-
ease progression. Linear mixed models (LME)
were fitted with a fixed effect for time since base-
line visit and a random slope for time and inter-
cept per individual, allowing imputation of missing
data. All models were based on restricted max-
imum likelihood (REML); 95% confidence inter-
vals (95% CI) around estimates were based on the
profile likelihood. To put the observed longitudinal
trajectories into context, we compared the progres-
sion rate of the enrolled cohort to historical data
obtained from the Pooled Resource Open-Access
ALS Clinical Trials (PRO-ACT) database (25).
We used propensity matching (1 PrimeC partici-
pant to 2 PRO-ACT patients) to match on age,
sex, symptom duration, vital capacity, diagnostic
delay, site of onset and DFRS, ALSFRS-R total
score and body mass index (25). The mean differ-
ence in progression rates was estimated by adding
an interaction term between time and cohort
(PrimeC or PRO-ACT) in the LME.

Lastly, biomarker data were analyzed using a
mixed model for repeated measures with time as a
categorical factor. The mean change from baseline
to month 12 was estimated and reported with 95%
CI and p value. LME models were fitted using the
R lme function (26).

Results

Safety and tolerability

A total of 16 people living with ALS were
screened for the study, of whom 15 began admin-
istration of PrimeC. One individual screen failed
due to rapid cognitive decline and lack of family
support that made future adherence to treatment
doubtful. During the study, one participant was
withdrawn by the investigator after 6 months due
to poor adherence, one participant died approxi-
mately 2-and-a-half months after initiation of the

study, and one participant died after 7 months
(Figure 1). Both these events were determined by
the investigator as not related to the study drug.
These participants were ranked by both the
ENCALS and the Origent survival prediction
models as having a low probability of survival
(Figure 2).

In total, 12 participants completed the
12 months PrimeC administration period (80%).
Baseline demographic and disease characteristics
are summarized in Table 1. Eighty percent of the
participants received riluzole, two of them also
received edaravone. The majority of participants
(87%) had limb-onset ALS, and the average symp-
tom duration from onset was 21 months. Average
ALSFRS-R total score was 37 points, and average
FVC (% predicted) was 89%.

10 participants (67%) experienced AEs. Most
AEs occurred within the first 3 months of the
study, and 33% of participants remained AE-free
throughout the study. The majority of AEs (67%)
were mild or moderate in intensity. Only four par-
ticipants (27%) experienced an AE that was

Figure 2. Survival of patients in clinical trial population compared to survival prediction models. For each patient, the probability to
survive 12 months was calculated according to the Origent and ENCALS survival prediction models. Patients were subsequently ranked
from low to high according to their predicted survival probability, with a low rank reflecting a poor survival probability. Both models
were in agreement that both deaths occurred in the lower quartile of the population at high risk for death.

Table 1. Patient characteristics at baseline.

Characteristic PrimeC (N¼ 15)

Sex, male 11 (73%)
Age at baseline, years 59 (12)
Symptom duration, months 21 (6)
Diagnostic delay, months 9 (3)
El Escorial, definite 3 (20%)
Site of onset, bulbar 2 (13%)
Concomitant medication use
None 3 (20%)
Riluzole only 10 (67%)
Edaravone only 0 (0%)
Riluzole and Edaravone 2 (13%)

ALSFRS-R total score at baseline 37.2 (6)
Bulbar 10.8 (1)
Fine motor 7.7 (4)
Gross motor 7.0 (3)
Respiratory 11.7 (1)

DFRS, points per month –0.55 (0.33)
FVC, %predicted 89 (14)
TRICALS risk profile –5.3 (1.4)
High risk (� �4.5) 5 (33%)
Low risk (< �4.5) 10 (67%)

Body mass index, kg/cm2 25 (4)

Data are given in mean (standard deviation) and frequency
(percentage). DFRS¼(ALSFRS-R total score – 48)/
symptom duration.
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assessed by the Investigator as related to the study
drug. None of these AEs were unexpected, and
most were mild or moderate (69%).

Of the AEs related to study drug, the majority
were gastrointestinal (flatulence, dyspepsia, nausea,
abdominal pain, constipation). In spite of the
gastrointestinal symptoms, these participants did
not encounter major weight loss. Importantly, no
Serious-AEs were related to the study drug. An
overview of AEs is presented in Table 2. During
the study, one participant tested positive for
COVID-19 and recovered without complications
and without being withdrawn from the study, and
no other abnormal laboratory investigations
were found.

Clinical measures of disease progression

The mean deterioration of the participants in both
ALSFRS-R and FVC during the course of 12
months was assessed as described in statistical
methods. These results were matched to the PRO-
ACT cohort (25,27,28); characteristics are given
in Table 3. The estimated mean rate of change of
ALSFRS-R total score in trial participants was
�0.84 points/month (95% CI; �1.17 to �0.52),
whereas the FVC declined by �2.09% predicted/
month (95% CI �3.22 to �0.98; Table 4).

When compared to PRO-ACT cohort, a mean
difference of 0.18 points/month in ALSFRS-R
progression rate (ns, 95% CI �0.23 to 0.59) and
0.90 points/month in % predicted FVC (ns, 95%
CI �0.52 to 2.32; Table 4) was observed; repre-
senting a difference of 18% and 30% respectively.

ALS-related biomarkers

Examination of the key ALS-related protein-
TDP43 showed that in baseline-study, levels of
NDE TDP43 were increased in subjects with ALS
compared to age and sex matched controls
(median patients 297.6 vs. median controls 238.4,
P¼ 0.002 Wilcoxon test; Figure 3(A)). In the clin-
ical study the levels of NDE-associated TDP-43
were significantly reduced over time (from baseline
measurements to 12 months, with a mean change
from baseline of �56.3 pg/ml, 95% CI �87.3 to
�25.3, P¼ 0.002; Figure 4(A)).

Levels of NDE LC3, a marker of autophagy
(14), were decreased in subjects with ALS, com-
pared to controls in the baseline-study, (median
patients 473.0 vs. median controls 630.6,
P< 0.001 Wilcoxon test, Figure 3(B)), in accord-
ance to previous publications (29), indicating
impaired autophagy in ALS, and signaling a poten-
tial use as an ALS biomarker. In the clinical study,
following dosing with PrimeC, LC3 levels in

Table 2. Overview of adverse events.

Adverse event No. of patients (%) No. of times reported Rate (per 100 patient-months)

Any adverse event 10 (67%) 39 24.6
Serious adverse event 3 (20%) 3 1.9
Severity
Mild 7 (47%) 14 8.8
Moderate 6 (40%) 12 7.6
Severe 6 (40%) 13 8.2

System organ class
Gastrointestinal disorders 7 (47%) 15 9.5
General disorder 3 (20%) 3 1.9
Infections and infestations 2 (13%) 6 3.8
Injury 3 (20%) 5 3.2
Investigations 1 (7%) 1 0.6
Musculoskeletal 1 (7%) 1 0.6
Nervous system disorders 3 (20%) 3 1.9
Psychiatric disorders 2 (13%) 3 1.9
Skin 1 (7%) 1 0.6
Surgical and medical procedures 1 (7%) 1 0.6

Related to drug 4 (27%) 13 8.2
System organ class
Gastrointestinal disorders
Flatulence 2 (13%) 4 –

Dyspepsia 1 (7%) 2 –

Nausea 2 (13%) 3 –

Abdominal pain 1 (7%) 1 –

Constipation 1 (7%) 1 –

Nervous system disorder
Dizziness 1 (7%) 1 –

Psychiatric disorders
Insomnia 1 (7%) 1 –

Rate is number of events divided by total patient-time in months times 100. Patient-time is calculated as the sum of all follow-up time
(158.6 months, average follow-up of 10.6 months per patient).
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NDEs were significantly increased from baseline
measurements to 12 months (mean change from
baseline of 54.6 pg/ml, 95% CI 0.0 to 107.9,
P¼0.054) (Figure 4(B)).

Lastly, levels of serum NFL and pNFH in the
clinical study, remained stable over time (mean
change from baseline �3.3 pg/ml 95% CI �13.8 to
7.3, P¼ 0.65), Figure 4(C) and mean change from

baseline-0.18 log–pg/ml 95% CI �0.40 to 0.04,
P¼ 0.11, Figure 4(D) for NFL and pNFH,
respectively.

Discussion

This trial examined the safety and tolerability of
PrimeC in 15 participants with ALS over
12 months. Trial results support the safety and tol-
erability of PrimeC in an ALS population. No
Serious-AEs were related to the study drug and
only four participants experienced AEs related to
PrimeC. Analysis of clinical outcomes was com-
parative to matched historical controls from PRO-
ACT. Importantly, examination of key biomarkers
in the NDEs of longitudinal serum samples of trial
participants showed significant effects on milestone
aspects of the disease, such as TDP-43 accumula-
tion and impaired autophagy (LC3), supporting
the use of these biomarkers as a novel tool for
measurement of disease progression and therapy-
based effects.

The safety profiles of each of the components
of PrimeC are well known, as these drugs have
been in clinical use for many years. However, the
safety of their combination has never been
assessed. Therefore, this study was designed to test

Table 3. Propensity matching (1:2) with PRO-ACT.

Characteristic PrimeC (N5 15) PRO-ACT (N5 30)

Age at baseline 59 (12) 57 (11)
Sex, males 11 (73%) 22 (73%)
Onset, bulbar 2 (13%) 3 (10%)
Diagnostic delay, months 9 (3) 10 (8)
Symptom duration, months 21 (9) 25 (13)
Vital capacity, %predicted 89 (14) 88 (14)
ALSFRS-R total score 37 (6) 37 (5)
DFRS, points per month –0.55 (0.33) –0.54 (0.34)
BMI, kg/mm 25 (4) 26 (4)

�Methodology is described in van Es et al (2020), ALS-FTD. Patient with complete baseline
information in PRO-ACT and allocated to placebo were selected. Subsequently, the inclusion
criteria of PrimeC were applied to the PRO-ACT cohort; 658 patients remained. Using propensity
matching, we matched the PrimeC cohort 1:2 to PRO-ACT based on the nine covariates reported
in the table.

Table 4. Rate of decline PrimeC vs. PRO-ACT.

Efficacy endpoint

Summary statistics

Rate of decline
(PrimeC, N5 15)

Rate of decline
(PRO-ACT, N5 30)

Mean difference

Estimate 95% CI

ALSFRS-R
Total score –0.84 –1.02 0.18 –0.23 to 0.59
Bulbar –0.17 –0.15 –0.02 –0.15 to 0.11
Fine motor –0.34 –0.34 0.00 –0.14 to 0.15
Gross motor –0.24 –0.31 0.07 –0.08 to 0.22
Respiratory –0.11 –0.20 0.09 –0.04 to 0.23

FVC, %predicted –2.09 –2.99 0.90 –0.52 to 2.32

Monthly rate of decline per arm was estimated in separate linear mixed models for the total score and each subdomain. The sum of
the domains may differ slightly with what is observed on total score. The mean difference was estimated as interaction term between
arm (PRO-ACT or PrimeC) and time since enrollment.

Figure 3. ALS-pathology related NDE biomarker levels in ALS
vs. control samples. Wilcox test comparing neural-derived blood
exosomal biomarkers: TDP-43 (A) and LC3 (B) between
patients with ALS and healthy volunteers (N¼35 for ALS and
25 for control per group) as obtained in a baseline study.
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the safety profile of PrimeC in ALS, primarily
through the assessment of AEs. During 12 months
of dosing, most AEs were mild and transient and
not related to the study drug. As expected, a few
AEs affecting the gastrointestinal system were
seen. No unexpected AEs arose from the use of
the combination of both drugs chronically.

The study was underpowered to detect a sig-
nificant effect on clinical measures due to a small
sample size. However, to further corroborate the
safety of PrimeC, we used both the ENCALS and
Origent models of calculating survival prediction
as virtual-control arms to predict the expectedness
of survival for all participants. Reassuringly, nei-
ther indicated a negative effect of PrimeC on pre-
dicted participant survival.

An additional analysis was done by propensity
matching with patients from the PRO-ACT data-
base, the largest publicly available repository of
ALS trial data (25,30). Trial participants showed a
non-significant trend toward more moderate rates
of deterioration on ALSFRS-R and FVC than
records matched from the PRO-ACT database.

NDEs have been shown to cross the BBB and
enter the blood circulation, enabling their easy iso-
lation from blood samples. They carry neural
molecular signatures echoing the content of cells
from which they originated, providing valuable
information on disease pathogenesis (31).
Therefore, NDEs may serve as sources of potential
biomarkers in neurodegenerative disorders, includ-
ing ALS (32). To this end, the present study
examined the biological-effect of PrimeC on

exploratory NDEs ALS-related markers isolated
from trial participants’ serum (18,32).

TDP-43 plays a key role in splicing and stabil-
ity of RNA transcripts, micro-RNA processing,
and other cellular functions (33). Hyper-phos-
phorylated and ubiquitinated TDP-43 deposits act
as inclusion bodies in the brain and spinal cord of
people living with ALS (33). Recent discovery of
elevated plasma levels of TDP-43 in individuals
with neurodegenerative diseases supports its pos-
sible utility as an in vivo biomarker to aid diagnosis
and monitor therapy effects (34). It has been dem-
onstrated that TDP-43 is secreted from neuronal
cells via an exosomal pathway (35). Importantly, a
recent longitudinal study in people with ALS
showed that exosomal TDP-43 levels increased
over time (13). Therefore, the findings of the cur-
rent study, which demonstrate decreased exosomal
TDP-43 levels over time in trial participants, sug-
gest a beneficial biological effect of PrimeC.

Impaired autophagy, represented in this study
by the levels of LC3, is also one of the key phe-
nomena in ALS-related pathophysiology (29). Our
findings showed a decrease in exosomal LC3 levels
in ALS compared to control samples, were rein-
forced by a growing body of evidence that con-
firms decreased expression of LC3 in a number of
ALS models, suggesting a decreased capacity for
autophagy (29). Importantly, PrimeC dosing
showed increased longitudinal LC3 levels, suggest-
ing possible biological activity. As celecoxib is a
component of PrimeC, it is interesting to observe

Figure 4. ALS-pathology related biomarker levels in PrimeC treated ALS patients over time. (A,B) Average ALS-pathology related
serum NDE marker levels over time (pre in red, interim in light blue, and end of study in dark blue). (A) TDP-43 levels. (B) LC3
levels. (C,D) Average serum NFL (C) and pNFH (D) over time (pre in red, interim in light blue, and end of study in dark blue). P
values tests whether the means at pre-treat are similar compared to the mean at end-of-treat, based on a mixed model for
repeated measures.
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that celecoxib treatment can induce autoph-
agy (36).

Neurofilaments are emerging biomarkers, cor-
relating with disease progression (37).
Nevertheless, the ability to detect a treatment-
related effect of neurofilaments and its correlation
to clinical changes is yet to be determined. While
some studies were able to show a significant
change in neurofilaments (38), others have shown
clinical efficacy without changes in neurofilament
levels (39). The present study did not show a sig-
nificant change in neurofilament levels.
Nevertheless, additional work, assessing the effect
of PrimeC on neurofilaments is needed.

When examining the impact of the current
study on the ALS drug development field, we sug-
gest that virtual placebo models can be informative
for the use of safety in early phase clinical trials.

Additionally, we present the use of a cassette of
NDE-biomarkers as well as serum neurofilaments
for the analysis of ALS-related effects, allowing
better understanding and monitoring of key CNS-
pathologies in a noninvasive manner. These
markers can be used to validate disease progres-
sion, define homogeneous patient subgroups and
observe therapy-based effects.

In conclusion, the present study supports the
safety and tolerability of a unique combination of
ciprofloxacin and celecoxib and shows its impact
on key disease-related biomarkers in people with
ALS. It is noteworthy that this trial was open-
label, comparing the data generated to the PRO-
ACT database, with its known limitations.
Additionally, the trial was not powered to test an
effect on clinical measures, though exploratory
results using virtual controls were reassuring. A
placebo-controlled trial is required to elucidate the
biomarker results and to evaluate the efficacy of
PrimeC for the treatment of ALS.
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