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Abstract

Background Nusinersen is approved for the treatment of spinal muscular atrophy. The most common approved dosing regi-
men is four intrathecal loading doses of nusinersen 12 mg; the first three are administered at 14-day intervals followed by
a fourth dose 30 days later, and then 12-mg maintenance doses are administered every 4 months thereafter. Interruption of
nusinersen treatment in the maintenance dosing phase might occur for a number of clinical reasons.

Objective The objective of this report is to describe dosing regimens that allow for the most rapid restoration of steady-state
concentrations of nusinersen in the cerebrospinal fluid (CSF) following a treatment interruption during maintenance dosing.
Methods Population pharmacokinetic models using integrated pharmacokinetic data from ten nusinersen clinical trials
that included a broad range of participants with spinal muscular atrophy treated with intrathecal nusinersen were used to
investigate different durations of treatment interruptions during maintenance treatment. Potential dosing regimens for re-
initiation of nusinersen were evaluated, with the goal of achieving the quickest restoration of steady-state nusinersen CSF
concentrations without exceeding maximal CSF exposures observed during the initial loading period.

Results Our pharmacokinetic modeling indicates the following regimen will lead to optimal restoration of nusinersen CSF
levels after treatment interruption: two doses of nusinersen should be administered at 14-day intervals following treatment
interruptions of > 8 to < 16 months since the last dose, and three doses of nusinersen at 14-day intervals for treatment inter-
ruptions of > 16 to < 40 months since the last maintenance dose, with subsequent maintenance dosing every 4 months in both
instances. After treatment interruptions of > 40 months, the full loading regimen will rapidly restore nusinersen CSF levels.
Conclusions Prolonged treatment interruptions lead to suboptimal CSF levels of nusinersen. The optimal regimen to restore
nusinersen CSF levels depends on the interval since the last maintenance dose was administered.

Plain Language Summary

Nusinersen is a drug used to treat people of all ages who have spinal muscular atrophy. Nusinersen is injected with a thin needle
into the lower back, a procedure known as a lumbar puncture. People initially receive three doses of nusinersen 12 mg each
14 days apart. They receive a fourth dose 1 month later, and then injections every 4 months (known as maintenance dosing).
This treatment plan allows nusinersen to build up to effective levels in the fluid surrounding the spinal cord and brain. Some
people may miss dose(s) or may stop nusinersen treatment at some point during maintenance dosing and then may want to
continue treatment. This study used information from ten clinical trials to find out the best way to restart treatment to build up
nusinersen to effective levels. People with a treatment break of > 8 to < 16 months since the last dose need two doses of nusin-
ersen at 14-day intervals before receiving maintenance dosing. People with a treatment break of > 16 to < 40 months since the
last dose need three doses of nusinersen at 14-day intervals before receiving maintenance dosing. If people stopped treatment
for > 40 months, they would need four doses before starting maintenance treatment. Results from this study showed that the
number of doses that people needed before starting maintenance treatment depended on how long the treatment break was.
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Treatment interruptions lead to lower levels of nusin-
ersen, which may impact efficacy.

Based on pharmacokinetic modeling, the optimal regi-
men to restore nusinersen cerebrospinal fluid (CSF)
levels depends on the interval since the last maintenance
dose was administered. For the interval of > 8 to < 16
months since the last dose, two doses of nusinersen at
14-day intervals will rapidly restore nusinersen CSF lev-
els. For the interval of > 16 to < 40 months since the last
dose, three doses of nusinersen 14 days apart will rapidly
restore nusinersen CSF levels. For treatment interrup-
tions of > 40 months, the full four-dose loading dose
regimen will rapidly restore nusinersen CSF levels.

The proposed dosing regimens will lead to rapid res-
toration of levels of nusinersen in CSF similar to those
expected without any interruption in dosing. As the
levels of nusinersen attained are similar to those with the
standard regimen, no new safety issues are expected.

1 Introduction

Spinal muscular atrophy (SMA) is an autosomal recessive
neuromuscular disease characterized by muscle weakness
[1, 2] that affects children and adults, with an estimated
incidence of one in 10,000 live births [2, 3]. Mutations or
deletions in the survival motor neuron 1 (SMN1) gene result
in a deficiency of the SMN protein, which predominantly
affects the alpha motor neurons in the spinal cord and causes
degeneration and progressive muscular atrophy [1, 2, 4, 5].
Individuals with SMA have at least one copy of the par-
alogous SMN?2 gene, which also encodes the SMN protein;
however, a single nucleotide transition alters splicing such
that the majority of SMN2 messenger RNA (mRNA) tran-
scripts exclude exon 7 and the resultant protein is unstable
and degraded [5]. The low levels of SMN2-encoded full-
length SMN protein do not adequately compensate for the
loss of SMN1 [2, 5].

Spinal muscular atrophy disease severity is generally
inversely correlated with the SMN2 gene copy number, and
individuals with a higher number of SMN2 gene copies typi-
cally have less severe disease [1]. Although the phenotype
of SMA is now understood to span a broad continuum, this
disease has traditionally been classified into subtypes based
on age at onset and maximum motor function attained with
supportive care [1, 6]. Spinal muscular atrophy type I is the
most severe form, with onset before the age of 6 months and
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death typically occurring at < 2 years of age [5, 7]. In SMA
types II, III, and IV, symptoms are less severe but remain
debilitating, and occur later in life (at age 6—18 months for
type II, at age 1.5-10 years for type III, and in adulthood for
type IV) [6].

In recent years, survival rates for the severe forms of SMA
have substantially increased, and progression of all types can
now be slowed with the advent of successful therapeutic
approaches and improvements in standard of care [8, 9]. The
antisense oligonucleotide drug nusinersen (Spinraza®) is the
first approved treatment for SMA [10, 11]. Nusinersen alters
the splicing of SMN2 precursor mRNA and increases inclu-
sion of exon 7 in the mature mRNA transcripts, ultimately
increasing production of full-length SMN protein [12-14].
Nusinersen has been evaluated in a clinical development
program including studies of symptomatic infantile-onset
SMA [15-17] and symptomatic later-onset SMA [17-20],
including long-term follow-up in these populations [21, 22],
as well as in presymptomatic infants genetically diagnosed
with 5q SMA [23]. Nusinersen has demonstrated clinically
meaningful efficacy and a favorable risk-benefit profile in a
broad range of individuals with SMA in clinical studies and
real-world populations, including in adults [15-17, 19, 20,
23-31]. Nusinersen is administered intrathecally at doses of
12 mg. The most common approved dosing regimen com-
prises four loading doses; the first three are administered at
14-day intervals followed by a fourth dose 30 days later, and
maintenance doses administered every 4 months thereafter
[10, 11].

We previously reported [32] two scenarios of dos-
ing delays during the maintenance regimen: a short delay
(defined as < 4 months) and one missed maintenance dose.
If a delay in administration occurs, nusinersen levels will be
restored rapidly by administering the delayed dose as soon
as possible and then administering the subsequent dose as
previously scheduled. If one maintenance dose is missed,
nusinersen levels will be restored most rapidly by adminis-
tering the missed dose as soon as possible, followed by an
additional dose 14 days later [32].

The objective of this report is to describe dosing regimens
that allow for the most rapid restoration of steady-state con-
centrations of nusinersen in the cerebrospinal fluid (CSF)
following treatment interruptions during the maintenance
phase of > 8 months since the last maintenance dose. A
longer treatment interruption may occur in the context of
clinical practice for a number of reasons, such as the ongo-
ing COVID-19 pandemic, pregnancy/childbirth, or chang-
ing therapy and subsequently returning to nusinersen. Simi-
lar to our previous report [32], this analysis is based on a
population pharmacokinetic (PK) model, given the limited
data from clinical trials on dosing delays. Because of the
different potential reasons for treatment interruptions, all
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dosing intervals are expressed as time since the last dose
was administered.

2 Methods
2.1 Population PK Model

The population PK model was based on CSF and plasma
from nusinersen clinical trials [15-20, 23]. In brief, the pop-
ulation PK analysis used nusinersen plasma and CSF con-
centration data from participants in ten nusinersen clinical
trials that had different doses and dosing regimens of intrath-
ecally administered nusinersen [32]. Participants included
children and adolescents with later-onset SMA, infants with
infantile-onset SMA, and presymptomatic infants who were
genetically diagnosed with SMA at study start. Nusinersen
plasma and CSF concentration measurements, as well as
the dose and time at which those measurements were taken,
were integrated into a single dataset incorporating all PK
data from the ten trials.

In summary, the model is a four-compartment PK model
where nusinersen is administered directly to the CSF com-
partment (with a predicted volume of distribution of 0.391
L). After administration, it equilibrates to tissues adjacent
to the CSF and irreversibly drains to the plasma compart-
ment (predicted to have a volume of distribution of 39.3 L).
Within the plasma compartment, nusinersen also equilibrates
with tissues adjacent to plasma, and is finally cleared from
the body. Drainage from the CSF compartment to plasma
is predicted to occur at an approximate rate of 0.158 L/h,
resulting in an approximate half-life in the CSF of 4 months.
Drainage from CSF and equilibration with adjacent tissues
results in a similar half-life in plasma, despite more rapid
clearance. Body weight was identified as a relevant covariate
in the CSF volume of distribution at body weights < 20 kg
(but with only minimal effect on CSF trough concentration
[Cirougnl)s in the volume of distribution of plasma, and in
the clearance rate from plasma. This results in a stable CSF
exposure across a wide range of body weights, while the
exposure in the plasma compartment reduces significantly as
body weight increases. The detailed results from the model
parameters have been reported previously [32].

2.2 Simulation of Dosing Interruptions

2.2.1 General Principles for Modeling Treatment
Interruptions

Simulations of treatment interruptions were performed in
accordance with previously published analyses that evalu-
ated shorter delays in nusinersen dosing during the loading

or maintenance phases [32]. The Fisher information matrix
and the interindividual variability measures of all relevant
parameters were sampled to produce an ensemble of 10,000
unique parameter sets. Each parameter set was subjected to
a different dosing regimen that deviated from the accepted
label regimen in several distinct ways. The duration of dos-
ing interruption and the phase at which that interruption
occurred were immediately identified as critically impactful
on nusinersen exposure in CSF. Therefore, variations on the
approved label dosing regimen were selected to interrogate
delays in dosing of variable duration during the mainte-
nance phase of treatment. Delays of 4-40 months during
the maintenance phase were investigated, as was the time
taken for CSF C,q, (the lowest CSF concentration before
the next dose) to achieve a desired level. We evaluated sev-
eral scenarios to identify those that rapidly produced desired
nusinersen CSF levels (steady-state CSF trough concentra-
tion without interruption: 5.33 ng/mL) without exposing
patients to nusinersen CSF levels higher than those previ-
ously attained during the initial loading phase of treatment
(8.32 ng/mL). To achieve this, we investigated whether
additional doses would be necessary to restore CSF Cqqp
to a level similar to those predicted had the interruption not
occurred (i.e., steady-state CSF nusinersen concentrations).
The intervals between doses were based on what was studied
in the clinical development plan and are part of the loading
phase of the approved dosing regimen (three doses 14 days
apart, with a subsequent dose 30 days later).

2.2.2 Modeling Specific Treatment Interruptions

To build on the previously published analysis [32], which
showed that administration of one missed dose as soon as
possible and one additional dose 14 days later will restore
steady-state concentrations of nusinersen 8 months since
the last dose (i.e., one missed dose), we ran simulations
to determine the maximum length of the interval since
the last dose that this regimen would be sufficient to
appropriately restore nusinersen CSF levels (i.e., similar
to steady state without interruptions, but always below
CSF levels reached during loading). Beyond this inter-
val (16 months, as described in results), this dosing regi-
men was not sufficient to restore nusinersen levels and
we, therefore, added one additional dose (i.e., dosing O,
14, and 28 days after treatment is restored), followed by
every 4-month dosing thereafter and modeled this regi-
men until 40 months (which restores CSF nusinersen lev-
els as described in the results section). After a 40-month
interruption, little nusinersen remains either in the CSF
or in other relevant biological matrices. We, therefore,
simulated the entire loading regimen (i.e., dosing 0, 14,
28, and 58 days after restoration of treatment). Over
the longest 40-month period, CSF trough concentration
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decays exponentially to a value of approximately 0.07 ng/
mL (95% prediction interval: 0.02-0.20 ng/mL; Table 1).
As a consequence, the full loading regimen results in a
maximum Ci,,e, that is nearly indistinguishable from the
initial loading phase (8.40 ng/mL [95% prediction inter-
val: 5.00-13.66 ng/mL; Table 1] vs 8.32 ng/mL [95%
prediction interval: 4.82-13.48 ng/mL)]).

Exposures of nusinersen in plasma were modeled with
all scenarios and the plasma exposures achieved after
these additional doses did not exceed those predicted
during the initial loading phase. In this report, we focus
on nusinersen levels in the CSF (surrogate for central
nervous system levels) because SMA is a disease charac-
terized by a loss of motor neurons in the spinal cord [1,
2, 4]. Nusinersen is administered intrathecally, directly to
the central nervous system, so that nusinersen can bind
SMN?2 precursor mRNA to increase SMN protein levels in
the target tissue affected in this disease [12—-14].

2.3 Data Analysis and Graphing Software

NONMEM® Version 7.3 and Perl-speaks-NONMEM Ver-
sion 4.6.0 (ICON Development Solutions, Ellicott City,
MD, USA) were used for the nusinersen population PK
analysis. R software (R version 3.6.4, R Foundation for
Statistical Computing, Vienna, Austria) was used for data
handling and R version 3.6.4 along with ggplot2 [33] ver-
sion 3.3.5 were used for plotting.

3 Results
3.1 Time Since Last Dose: = 8 to < 16 Months
To build on the previously published analysis of short treat-

ment interruptions [32], we found using the PK model that
administration of one missed dose as soon as possible and

Table 1 Median CSF C,

troug
ing treatment interruptions of 8, 16, or 40 months

» after treatment interruption, and maximum CSF C,

one additional dose 14 days later will restore steady-state
CSF concentrations of nusinersen until 16 months since the
last maintenance dose (Fig. 1) (i.e., up to three missed doses,
for additional details, see Sect. 2.2.2). As an example, Fig. 2
illustrates levels of nusinersen in CSF (trough concentra-
tions) when two maintenance doses are missed and an addi-
tional dose is administered 12 months after the last dose.
In this case, administering an additional dose will restore
steady-state nusinersen CSF concentrations approximately
19.5 months earlier (Fig. 2b) compared with resuming the
maintenance dosing with one maintenance dose and then
administering nusinersen at 4-month intervals (Fig. 2a).

3.2 Time Since Last Dose: = 16 to < 40 Months

When the time since the last dose reached 16 months, our
PK model shows that administration of the missed dose as
soon as possible, the next dose 14 days later, and then a
third dose 14 days later is needed to restore CSF steady-state
concentrations of nusinersen (Fig. 3, for additional details,
see Sect. 2.2.2). Our analysis indicates that this regimen will
restore steady-state concentrations up to 40 months since
the last dose. As an example, Fig. 3 shows nusinersen CSF
levels (trough concentration) after administration of a single
dose 16 months after the last dose, followed by maintenance
dosing every 4 months, which results in suboptimal nusin-
ersen CSF levels (trough concentrations) for approximately
20 months (Fig. 3a). In contrast, the nusinersen CSF levels
will be restored after the third dose (i.e., approximately 19
months earlier) if two additional doses are administered,
separated by 14 days (i.e., total of three doses each 14 days
apart) [Fig. 3b].

3.3 Time Since Last Dose: = 40 Months
Our analysis indicated that administering the entire load-

ing regimen > 40 months (> 3.3 years) since the last dose
will restore nusinersen CSF levels (trough concentrations)

rough after the dosing regimen to restore nusinersen levels follow-

Time since last dose, months

Median CSF C,g after treatment interruption (95% PI),

Maximum CSF C,, after dosing

ng/mL regimen to restore levels® (95% PI),
ng/mL
8 3.36 (1.79-3.46) 6.34 (3.60-11.09)
16 2.06 (1.07—4.42) 7.26 (4.27-12.46)
40 0.07 (0.02-0.20) 8.40 (5.00-13.66)

The maximum Ci,,, during the initial loading phase is predicted to be 8.32 (95% PI: 4.82-13.48) ng/mL. Steady-state Ci,g, is predicted to be

5.33 (95% PI: 2.74-9.75) ng/mL. Croug
experienced during the initial loading phase

CSF cerebrospinal fluid, C,,,,, maximum concentration, C,,,,,,

1 CSF levels are ~ 8600-fold lower than C

The model predicts that CSF C,,,,, should never exceed that

max.

trough concentration, P/ prediction interval

aSee Fig. 1 for a description of dosing regimens to restore nusinersen levels after time since the last dose of 8, 16, or 40 months
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Time since last Regimen to restore nusinersen
maintenance dose [ levels after treatment interruption Schematic of example scenario

Administer the delayed
maintenance dose as soon as

possible; then the next Approved 1 4 mo 1 4 mo 1
maintenance dose per the original | regimen 12 mg
scheduled date, as long as these Maintenance :@B
2 doses are administered at least | Modeled 1 1 1 @
14 days apart; then a maintenance | regimen 5 mo 3 mo

dose 4 mo after the last dose,
and repeat every 4 mo

Administer the missed dose as
soon as possible and then the

Approved 1 4 mo 1

4 mo 1 4 mo 1

regimen .
>81to< 16 mo next dose 14 days later; Maintenance
- then a maintenance dose 4 mo | Modeled t 1t 1
after the last dose, and repeat regimen 8 mo LI 4 mo
every 4 mo 14 days
12 mg
Administer the missed dose as every
soon as possible and then the A d 4 mo 4 mo
next dose 14 days later, followed r‘gg{%‘gﬂ ~— ‘—’1 72 mg
216 to <40 mo by a third dose 14 days later; Maintenance =3( every
then a maintenance dose 4 mo Modeled 1‘1 1 @
after the last dose, and repeat regimen 16 mo 111 4mo
every 4 mo 14Xays
12 mg
every
Administer the entire loading A d 4 mo 4 mo
> 40 mo regimen at the prescribed rgg{%ﬁ 1 “— 1‘ ’1
(3: 3 years) intervals and then a maintenance Maintenance =
<Y dose 4 mo after the last dose, Modeled 111 14—.1
and repeat every 4 mo regimen 40 mo il 1 4mo

Fig. 1 Scenarios for initiation of nusinersen following different dura-
tions of treatment delay/interruption since the last dose of nusinersen.
The models for a one-time delay in dosing (4 to < 8 months since last

Treatment interruption

a Treatment interruption without additional dose
Trough CSF PK

- 104

£

) [\

c

T 1

& Last

o 31 administered

Q dose

2 t

z Re-initiation dose
14

0 8 16 24 32 40 48 56 64 72
Time, months

Fig.2 Administering two doses of nusinersen after a treatment inter-
ruption of 12 months since the last dose will rapidly restore CSF lev-
els. a Nusinersen CSF trough concentrations (as predicted by the pop-
ulation pharmacokinetic model) are shown with a 12-month treatment
interruption since the last dose, followed by re-initiation of nusin-
ersen with a single dose and every 4 months thereafter. Nusinersen

R
14'21/ays 30 days

dose) or a single missed dose (8 months since last dose) have been
described in MacCannell et al. [32]. mo months

No treatment interruption

b Treatment interruption with additional dose
Trough CSF PK
- 104
£
> (\
c
g 1
5 Last
@ 39 administere
Q dose
2
b4 Re-initiation
2 doses 14 days apart
14

0 8 16 24 32 40 48 56 64 72
Time, months

levels will be restored 20 months after re-initiation of nusinersen. b
Nusinersen CSF levels after a treatment interruption of 12 months
since the last dose (as in a), but with re-initiation of dosing with two
doses of nusinersen 14 days apart. Nusinersen CSF levels will be
restored approximately 19.5 months earlier than in the scenario in a.
CSF cerebrospinal fluid, PK pharmacokinetics
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Treatment interruption

a Treatment interruption without additional doses
Trough CSF PK
104
g (\
(o]
g B
¥ 1
c T Last
2 administered
Y dose
£
[}
=}
14
z 1Re-initiation dose

0 8 16 24 32 40 48 56 64 72
Time, months

Fig.3 Administering three doses of nusinersen after a treatment
interruption of 16 months since the last dose will restore CSF levels.
a Nusinersen CSF trough concentrations (as predicted by the popu-
lation pharmacokinetic model) are shown with a 16-month treatment
interruption since the last dose, followed by re-initiation of nusin-
ersen with a single dose and every 4 months thereafter. Nusinersen

to steady-state concentrations similar to those observed
with no interruption in dosing (Fig. 4b). Re-initiation with
a single dose of nusinersen > 40 months after the last dose,
followed by the standard maintenance dosing regimen (one
dose every 4 months), is predicted to result in suboptimal
nusinersen CSF levels (trough concentrations) lasting
for approximately 20 months after treatment re-initiation
(Fig. 4a). The duration of these suboptimal nusinersen CSF
levels remains for approximately 20 months, as before, due
to the exponential nature of the increase in C,q,. The rate

Treatment interruption

a Treatment interruption without additional doses
Trough CSF PK

10+
_E| (\
B 37
S Last
& M administered
c dose
3 0.3
(4]
c
»w 0.1
>
§ ]

0.03- Re-initiation dose
0 8 16 24 32 40 48 56 64 72 80 88 96

Time, months

Fig.4 Administering the entire loading regimen (four doses) after a
treatment interruption of > 40 months since the last dose will restore
CSF levels. a Nusinersen CSF trough concentrations (as predicted by
the population pharmacokinetic model) are shown with a 40-month
treatment interruption since the last dose, followed by re-initiation of
nusinersen with a single dose and every 4 months thereafter. Nusin-
ersen levels will be restored 20 months after re-initiation. b Nusin-
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No treatment interruption

b Treatment interruption with additional doses
Trough CSF PK
104
[S
E) ’\
< t
o
- 37 Last
[ administere
5 dose
£
[}
2 11 Re-initiation
3 dose 14 days apart

0 8 16 24 32 40 48 56 64 72
Time, months

levels will be restored 20 months after re-initiation of nusinersen. b
Nusinersen CSF levels after a treatment interruption of 16 months
since the last dose (as in a), but with re-initiation of dosing with three
doses of nusinersen 14 days apart. Nusinersen CSF levels will be
restored approximately 19 months earlier than in the scenario in a.
CSF cerebrospinal fluid, PK pharmacokinetics

at which Cy,q, increases is greatest when it is at its low-
est value and is smallest when it is nearest to the steady-
state quantity. As a consequence, on a consistent dosing
regimen, the time taken to restore steady-state concentra-
tions of nusinersen will generally be approximately five
half-lives (20 months). However, although the very low
exposure will only have a minor effect on the time taken
to restore nusinersen levels, it will impact the total number
of doses that must be administered to restore steady-state
pharmacokinetics.

No treatment interruption

b Treatment interruption with additional doses
Trough CSF PK
10+
_E| (\
5 3 )
c
< Last
T M administered
c dose
3 0.3
(4]
c
g 0.1 Reinitiati
e-initiation:
Z o0s. 114 fuil oading
) dose regimen
0 8 16 24 32 40 48 5 64 72 80 88 9

Time, months

ersen CSF levels after a treatment interruption of > 40 months since
the last dose (as in a), but with re-initiation of dosing with the full
loading regimen (three doses of nusinersen 14 days apart followed by
a fourth dose 30 days later). Nusinersen CSF levels will be restored
approximately 18 months earlier than in the scenario in a. CSF cer-
ebrospinal fluid, PK pharmacokinetics
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4 Discussion

Using a population PK model and data from ten clinical
trials of nusinersen, we evaluated the impact of longer treat-
ment interruptions during maintenance dosing of nusinersen
and modeled which dosing regimen will rapidly restore
steady-state CSF concentrations to that expected during the
maintenance phase in the absence of an interruption in dos-
ing. This builds on previous work by MacCannell et al. [32],
which described shorter treatment interruptions during the
maintenance period, as well as delays during the loading
period [32].

Given the limited data from clinical trials on delays in
treatment and ethical challenges with conducting clinical
trials to evaluate the impact of dosing delays, a population
PK model has been used for this analysis. The existing PK
data from clinical trials are consistent with the predictions
of this model, showing levels within the 95% prediction
interval of the model (data not shown). The situations when
nusinersen treatment might be interrupted during mainte-
nance dosing include prolonged illness, pandemic-related
restrictions, pregnancy, or changing to another therapy
and subsequently returning to nusinersen. It is important
to ensure that re-initiation of treatment following a treat-
ment interruption can be achieved quickly and safely. The
model presented here is not dependent on the reason for the
treatment interruption and can therefore further inform any
decisions regarding restarting treatment after a prolonged
withdrawal from nusinersen. In summary, steady-state
nusinersen concentrations will be restored by two doses
of nusinersen 14 days apart when it has been > 8 to < 16
months since the last maintenance dose, three doses each
14 days apart when it has been > 16 to < 40 months since
the last maintenance dose, and the full four-dose loading
regimen of nusinersen as indicated for treatment-naive
patients (three doses 14 days apart with a fourth dose 30
days later) when it has been > 40 months since the last
maintenance dose (Fig. 1).

Based on the PK modeling, the proposed dosing regi-
mens will lead to nusinersen levels in the CSF similar to
those seen with the currently approved regimen, in part
because the modeling aims to achieve nusinersen Cqy,p
in CSF similar to those seen with the approved regimen
because those levels have been linked to efficacy [34]. Fur-
thermore, the maximum exposures of nusinersen (maximum
concentration [C,,.]), which are often linked to safety out-
comes, will remain below those previously attained. Trough
concentrations of nusinersen in CSF (measured typically
just prior to dosing with nusinersen, i.e., 4 months after
the last dose) will remain similar during all proposed regi-
mens. In one scenario with full reloading at 40 months since
the last dose, nusinersen Cy,q, are predicted to be slightly

(2%) higher than those expected during the initial loading
regimen. However, given that nusinersen Ci,,, CSF are
significantly lower (approximately 8600-fold) than C,,,,
this does not represent overall higher exposure or meaning-
ful difference in Cyqp. Importantly, the C,,,, will remain
below that previously attained during this and other regi-
mens described in this report.

The modeled dosing regimens are consistent with the
currently approved dosing regimen, in that there should be
> 14 days between the first three loading doses. If a fourth
dose is required, this dose should be administered 30 or 35
days later, consistent with the current label-approved load-
ing regimen. Although our PK modeling included a fourth
dose 30 days after the third dose, our results are similar
and also apply to a fourth dose being administered 35 days
after the third dose; thus, they are applicable to different
regions, which have some differences in this interval as
per approved labels. In addition, we do not expect any new
safety issues in patients resuming treatment under these
dosing regimens.

There are several limitations to our approach described
in this report. This model applies only to a one-time inter-
ruption and resumption of treatment, followed by an every
4 months dosing regimen. This modeling effort does not
address repeated interruptions in dosing. While this work is
based on existing clinical trial data, it describes population
pharmacokinetics and not any individual outcome. Finally,
no patient within our available clinical dataset has had an
interruption in treatment > 16 months. We have assumed
an exponential decay in CSF levels throughout the dosing
interruption; however, we have limited data as to any nonlin-
earities in drainage from the CSF or clearance from plasma
that may occur at the low levels.

5 Conclusions

Prolonged treatment interruptions lead to suboptimal
levels of nusinersen in CSF. Our PK modeling indicates
the following regimen will lead to optimal restoration of
nusinersen CSF levels after treatment interruption: two
doses of nusinersen should be administered at 14-day
intervals following a treatment interruption of > 8 to < 16
months since the last dose, and three doses of nusinersen
should be administered at 14-day intervals for treatment
interruptions of > 16 to < 40 months since the last main-
tenance dose, with subsequent maintenance dosing every
4 months in both instances. After treatment interruptions
of > 40 months, the full loading dose regimen will restore
nusinersen CSF levels.
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