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N-LOREM SAFETY UPDATE 

 

PS 2ʹMOE ASO ASSOCIATED NORMAL PRESSURE HYDROCEPHALUS (NPH) 

 

 

 

 

PURPOSE: To provide information concerning possible PS 2ʹMOE ASO associated NPH and to provide 

guidance to minimize the incidence and severity of this potential adverse event. 

 

DEFINITION: Normal pressure hydrocephalus (NPH) is defined as “radiographic evidence of 

ventriculomegaly with correlating symptoms of the syndrome”1 

 

 

EXECUTIVE SUMMARY 

 

Normal pressure hydrocephalus (NPH) has recently been observed to be a rare adverse event associated 

with long term intrathecal (IT) administration of PS 2ʹMOE ASOs. To minimize the risk of this adverse 

event, n-Lorem recommends: 

 

Administer only PS 2ʹMOE ASOs that are products of a rigorous ASO discovery and preclinical 

development process. 

 

If necessary induction of treatment consisting of three monthly IT injections, followed by the first 

IT injection of chronic treratment at the fourth month appears to be tolerated. 

 

Unless the clinical situation demands and the tolerability of previous doses is acceptable, treat 

chronically no more frequently than every three months. 

 

Limit doses to 100mg or less. 

 

 Perform routine monitoring of CSF cell count and protein levels. 

  

Consider more frequent monitoring of patients with clinical manifestations that are of concern. 

 

For a patient with symptomatic confirmed NPH, consider appropriate intervention, discontinue 

administration of the ASO and report the event immediately to the FDA and to n-Lorem. 

 

 

SUMMARY OF CLINICAL OBSERVATIONS WITH PS 2ʹMOE ASOs 

 

Nusinersen 

 

To date, there have been no reports of NPH associated with IT administered PS 2ʹMOE ASOs in controlled 

clinical trials of nusinersen2-4. However, long term commercial treatment of patients with SMA with 

nusinersen has very rarely been associated with NPH. Further, in one patient with an in-dwelling catheter, 

infectious meningitis during nusinersen treatment was reported5. Long-term administration of nusinersen 

has also been associated with modest, but statistically significant asymptomatic increases in CSF protein 

concentrations. In a study in which repetitive analyses of CSF were performed in 56 SMA patients, CSF 

protein concentrations increased over the first 10 months of treatment, then were stable during the 
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remainder of the treatment. CSF cell count was variable, but may have increased slightly, but changes were 

statistically significant at only two time points6-9. 

 

 

Tofersen 

 

A total of 36 and 72 patients with SOD1-caused ALS were treated for 28-weeks with placebo or 100mg on 

day 1, 15 and 28, then monthly during the controlled portion of the clinical trial and in the open label 

extension study10,11. During the 28-week controlled portion of the study and during the open label extension 

study, no incidences of NPH were observed. However, greater increases in CSF leukocyte counts and 

protein levels were observed in more patients treated with tofersen than the placebo group during the 

controlled portion of the trial. In the control group, 25% of the sham treated patients experienced an increase 

in CSF leukocytes while 78% of the tofersen treated patients experienced an increase. Similarly, 30% of 

placebo and 67% of tofersen treated patients experienced an increase in CSF protein levels. At the time of 

analysis of the open label extension study, both parameters showed numerical increases compared to 28 

weeks (88 and 79% leukocyte and protein concentration respectively). 

 

 

Tominersen 

 

Long term treatment of patients with symptomatic Huntington’s disease with tominersen has been  

associated with NPH in 0.6% of patients12. One patient who received 120mg monthly developed 

hydrocephalus in the open label extension study following the phase 1/2 study of tominersen 13, 14. The most 

informative experience to date is in the Phase 3 study in patients with symptomatic Huntington’s disease. 

In this clinical trial, approximately 781 patients were enrolled in either the control arm or 120mg 

tominersen/8 weeks or 120mg /16 week arms. 

 

No patient in either the control or every 16-week arms experienced NPH. In contrast, 3 patients in the every 

8 week arm experienced NPH. One patient who was treated with an every 4-week regimen that was 

evaluated in a previous study also experienced NPH, resulting in an overall incidence of 0.6%12, 13,14. There 

were also tominersen-associated increases in cerebroventricular volume (11.4%, 17.4% and 24.3% in the 

control arm, the every 16 week and the every 8-week arm, respectively, at 69 weeks). Further, there was a 

dose frequency-related increase in the number of patients who experienced an increase in CSF leukocyte 

counts (13.0%, 21.9% and 27.1% in placebo, every 16 week and every 8-week arms respectively. The 

fraction of patients who experienced an increase in CSF protein was numerically greater in the every 8 

weeks treatment arm compared to control, while the percent patients with an increase on CSF protein in the 

every 16 week arm was numerically lower than the control arm (10.5%, 20.4 % and 7.8 % in the control, 

120mg/8week and 120mg/ 16 arms respectively). The every 8 week regimen was also associated with a 

greater incidence of adverse events12,13.  

 

Of note, in the phase 1/2 study of tominersen in patients with symptomatic HTT, tominersen was 

administered at doses of 10-120mg monthly IT for a total of four doses and a dose and time dependent 

increase in cerebroventricular volume was observed, but the incidence of NPH was zero14.  

 

 

BACKGROUND PREVALENCE OF NPH 

 

Interpreting the clinical observations in PS 2ʹMOE ASO treated patients is confounded by a significant 

background incidence of NPH in patients with no CNS disease and that increase is exaggerated in patients 

with a variety of neurological diseases. NPH displays a U-shaped relationship with age. In children, NPH 

has been observed in 85/100,000. In adults, 17/100,00 and the elderly 175/100,00015. The number of 
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patients experiencing NPH is also increased in patients with neurodegerative diseases and schizophrenia 

(For example7,15-17). 

 

 

BACKGROUND PREVALENCE OF INCREASED INTRAVENTRICULAR SPACE 

 

Similarly, the interpretation of potential PS 2ʹMOE ASO (or other drug) related increases in 

cerebroventricular volume is also confounded by an age-related variation in the prevalence of ICV increases. 

In adults, an age-related decrease in brain volume and comparable increase in ICV volume was observed 

from the thirties to 60s and in the elderly, the changes in volumes appeared to be accelerated18. As an 

element of the AGES-Reykjavik study, MRIs were conducted on a population of patients over 65 years of 

age and this showed a steady decline in total brain tissue and a comparable increase in ICV volume19. 

Further, numerous neurodegenerative diseases and schizophrenia are associated with an increase in 

intraventricular space20,21. 

 

 

CONCLUSIONS 

 

NPH is a potential, rare adverse event associated with chronic administration of PS 2ʹMOE ASOs 

intrathecally. 

 

In the very limited experience to date, patients with NPH appeared to also display increases in CSF 

cell count and CSF protein levels. Increases in putative markers of inflammation were reported in 

some patients as well.  

 

NPH appears to be dose and schedule dependent.  

 

With tominersen, chronic dosing of 120mg monthly or bimonthly is associated with a less attractive 

safety profile and a higher incidence of NPH than less frequent doses of 120mg. 

 

The mechanism resulting in NPH is unknown and being investigated. 

 

Interpretation of possible PS 2ʹMOE ASO induced NPH is complicated by a U-shaped relationship 

of NPH with age and the fact that numerous diseases are also associated with an increase in NPH. 

 

Asymptomatic increases in ICV volume may be caused by aging and numerous diseases and should not be 

equated with NPH. 

 

 

GUIDANCE TO MINIMIZE THE RISK OF NPH 

 

Demand a PS 2ʹMOE ASO that has been selected after a thorough rigorous discovery and development 

process. 

 

Sophisticated experience-based A.I.-informed design algorithm designed. 

 

Initial screen of at least approximately 500 ASOs directed to different sites in the target RNA. 

 

Off-target analyses. 

 

Specialized in-vitro screens to avoid pre-inflammatory ASOs. 
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8 week rodent tolerability screens that include both in-life and histological assessment of safety of 

at least 20 potent ASOs. 

 

 

Thorough multi-dose level 3 month GLP toxicity studies in rodents. 

 

Rigid selection criteria throughout the entire process. 

 

 

CLINICAL MANAGEMENT GUIDANCE 

 

 Unless clinically required and supported by prior tolerability,treat chronically at a dose frequency no 

greater than every three months. (Induction with two to three monthly doses appears to be tolerated). 

 

Limit the maximum dose used to less than or equal to 100mg.  

 

Monitor CSF protein level and cell count routinely and should clinical observations warrant, increase 

clinical and potentially CSF monitoring frequency. 

 

Patients should be monitored for any change in gait or mental status and any significant change in headaches. 

 

In patients with clinical manifestations that may be of concern or significant increases in CSF cellularity 

and protein levels, consider more frequent monitoring. 

 

In the event of symptomatic, confirmed NPH: 

 

 Consider an appropriate intervention. 

 

 Discontinue ASO administration. 

 

 Report the event as an expedited SAE to the FDA. 

 

 Report the event to n-Lorem immediately. 
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