Adv Ther (2021) 38:5809-5828
https://doi.org/10.1007/s12325-021-01938-w

®

Check for
updates

ORIGINAL RESEARCH

Nusinersen for Spinal Muscular Atrophy in the United
States: Findings From a Retrospective Claims Database

Analysis

Marjolaine Gauthier-Loiselle - Martin Cloutier - Walter Toro -

Anish Patel - Sherry Shi - Mikhail Davidson - Matthias Bischof -

Nicole LaMarca - Omar Dabbous

Received: September 1, 2021/ Accepted: September 27, 2021/ Published online: October 28, 2021

© The Author(s) 2021

ABSTRACT

Introduction: Spinal muscular atrophy (SMA) is
a rare, genetic neuromuscular disorder caused
by deletion/mutation of the survival motor neu-
ron 1 gene, characterized by progressive loss of
motor neurons, resulting in increasing muscular
weakness, deteriorating motor function, and, in
its most severe form, death before 2 years.
Nusinersen, an antisense oligonucleotide that
increases expression of the functional SMN
protein, was approved for SMA by US and
European regulatory agencies in 2016 and 2017,
respectively. The indicated regimen requires
intrathecal injections every 4 months, follow-
ing the first four injections during the loading
phase. Adherence is integral to treatment
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success. Adherence to nusinersen may pose
particular challenges as most patients with SMA
are young children who require complex multi-
disciplinary care (including ongoing intrathecal
treatment administration and potential spe-
cialized anesthetic and surgical procedures) at
specialized centers. However, real-world data on
adherence to nusinersen are limited.

Methods: We conducted a retrospective claims
database analysis from December 23, 2016, to
November 20, 2019, to study nusinersen
adherence and discontinuation/persistence in
US patients with SMA types 1-3 who completed
the loading phase, and to determine the impact
of non-adherence or treatment discontinuation
on SMA-related comorbidities, health care
resource utilization (HCRU), and costs.
Results: We identified 23 patients with SMA
type 1, 41 patients with SMA type 2, and 260
patients with SMA type 3 who had completed
the loading phase. Deviations from the indi-
cated nusinersen treatment schedule were fre-
quent in real-world usage, with most patients
receiving >1 dose outside the scheduled inter-
val. Across SMA types, non-adherent patients
were more likely to have had SMA-related
comorbidities (e.g., feeding difficulties, dyspnea
and respiratory anomalies, and muscle weak-
ness) and greater HCRU. Persistence rates
12 months after treatment initiation for
patients with SMA types 1, 2, and 3 were 55.2%,
42.4%, and 54.6%, respectively. Patients who
discontinued nusinersen and those who did not
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had generally similar comorbidity profiles. Dis-
continuation was associated with greater health
care costs across SMA types.

Conclusion: Our analysis of claims data indi-
cated that discontinuation and non-adherence
to nusinersen treatment were prevalent, and
associated with greater frequency of comor-
bidities, greater HCRU, and increased costs for
patients.

Key words: Adherence; Claims database; Costs;
Database analysis; Discontinuation; Health care
costs; Health care resource utilization;

Nusinersen; Real-world study; Spinal muscular
atrophy

Key Summary Points

Real-world data on adherence to
nusinersen are limited.

This retrospective claims database analysis
studied adherence and discontinuation/
persistence for patients with spinal
muscular atrophy (SMA) types 1, 2, or 3
treated with nusinersen who completed
the loading phase.

The impact of non-adherence or treatment
discontinuation on SMA-related
comorbidities and health care resource
utilization and costs was also assessed.

Discontinuation and non-adherence to
nusinersen treatment was associated with
a greater rate of comorbidities, greater
health care resource use, and increased
costs for patients.

INTRODUCTION

Spinal muscular atrophy (SMA) is a rare, genetic
neuromuscular disorder caused by deletion or
mutation of the survival motor neuron 1 (SMN1)
gene [1]. SMA is characterized by wasting of
alpha motor neurons in the spinal cord, result-
ing in increasing muscular weakness [1], and is

the second most common fatal autosomal
recessive disorder (cystic fibrosis being the most
common) [1], with an estimated incidence of
1:11,000 live births [1, 2]. Without interven-
tion, motor function deteriorates rapidly in
patients with SMA type 1, typically resulting in
death by 2 years of age [1].

The SMNZ2 gene is a back-up gene for SMNI,
producing approximately 10% of the SMN pro-
tein obtained with one copy of SMNI [3].
Therefore, SMN2 copy number is predictive of
disease severity [4]. For example, the majority of
patients with two copies of SMN2 have SMA
type 1, the most severe form of the disease, with
onset by 6 months of age and characterized by
the inability to achieve independent sitting.
Those patients with three SMN2 copies largely
have SMA type 2, a less severe form of the dis-
ease, characterized by the inability to walk
independently. The majority of patients with
four copies of SMNZ2 have SMA type 3, in which
patients walk independently.

Nusinersen, an antisense oligonucleotide,
modifies splicing of the SMN2 gene such that
functional SMN protein output is increased [5].
Nusinersen was approved for the treatment of
SMA by the US Food and Drug Administration
(FDA) in 2016 and by the European Medicines
Agency in 2017 [6-8].

The indicated dosing regimen of nusinersen
requires lifelong intrathecal injections every
4 months following the first four injections,
administered during the loading phase [9].
Intrathecal administration presents challenges
for patients with SMA, for example, the logistics
of needing to travel to a clinic or the impact of
repeated anesthesia/sedation exposure, particu-
larly in infants and young children [10]. More-
over, the complex regimen nusinersen requires
may be problematic for pediatric patients. In
general, adherence to treatment for pediatric
populations poses challenges [11, 12]. For
example, adherence is dependent not only on
the patient but also on the family [11]. Adher-
ence and discontinuation are frequent issues
associated with long-term treatment [11], and
intrathecal administration poses additional
challenges for adherence. By one estimate,
approximately 50% of patients adhere to med-
ication regimens [11].
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Adherence is influenced by several factors,
including adverse effects, cost of medication,
dosing frequency, and routes of administration
[11, 13], patient beliefs about medication(s),
patient demographics, and comorbidities
[14, 15]. Management guidelines, in general, do
not specifically address patient adherence [16].
The importance of adherence was emphasized
in the results of a recent systematic review of
190 randomized controlled trials, revealing a
positive correlation between outcomes and
patient compliance [17].

Several studies have indicated that patient
non-adherence increases health care costs
[11, 18, 19]. Non-adherence leads to poorer
outcomes, which results in increased ancillary
health care utilization and expenditures, and
also creates a significant burden for health care
systems [18, 19].

Because little real-world data exist for
adherence to nusinersen treatment, we exam-
ined dosing patterns for patients with SMA
types 1, 2, or 3 treated with nusinersen in the
United States to estimate the extent to which
patients adhered to the prescribed treatment
schedule, and to describe the characteristics and
outcomes of patients who adhered and those
who were non-adherent to the treatment
schedule. We also described characteristics and
outcomes for patients who discontinued
nusinersen therapy and for those who did not
discontinue.

METHODS

Data Source

We evaluated data from Symphony Health's
Integrated Dataverse® [20], a longitudinal
patient data source that captures prescription
claims and medical resource use and costs from
across the US, and covers all payment types,
including commercial insurance plans, Medi-
care Part D, Medicaid, and other assistance
programs. The data from this source [20] link
health care data from the US population from
three primary sources (pharmacy point-of-ser-
vice; switch/network transactions; direct pre-
scriber, medical, and hospital claims data) and

has data for 280 million active patients from
2003 through the present. We searched this
database for patients diagnosed with SMA types
1, 2, and 3. Only patients who subsequently
initiated nusinersen therapy after December 23,
2016 (US FDA approval date), were included in
this study (Fig. 1).

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. The data that support the
findings of this study are available from Sym-
phony Health (https://symphonyhealth.prahs.
com/), but restrictions apply to the availability
of these data, which were used under license for
the current study, and thus are not publicly
available.

Patient Population and Study Design

This was a retrospective cohort study. Patients
diagnosed with SMA were first identified, then
SMA types were defined using: patient age at
first observed diagnosis of SMA; age at end of
recorded clinical activity or data availability;
and symptoms, procedures, or use of a durable
medical device [21]. Nusinersen treatment was
identified using claims codes (one or more
treatments with specific drug or treatment
code). After nusinersen was approved, several
months elapsed prior to the introduction of
nusinersen-specific ~ codes  (NDC  codes
64406-058-01 and 71860-396-01; specified
HCPCS codes C9489 and J2326). Additional
codes were used to identify patients who
received nusinersen after FDA approval (re-
quired per protocol), using codes for unspecified
biologics on medical claims with billing costs in
the expected range for nusinersen (J2326;
unspecified HCPCS codes C9399, ]3490, and
J359). Only patients who completed the loading
dose regimen described below were included.
Patients with >120 days between their first and
second dosages were excluded.

The study design, including the loading
phase study period, is described in Fig. 2. As per
the approved label, patients were expected to
have received four doses over the loading phase,
followed by maintenance doses every 4 months
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N=23,812

Patients had >1 SMA diagnosis (ICD-10-CM code: G12.0x, G12.1x, G12.8x or G12.9x) at any time during the observation period®

(FDA approval date of nusinersen)

20,182 (84.8%)

Patients had >1 SMA diagnosis recorded after December 23,2016

18.809 (93.2%)

Patients were observed for >1 month after their first SMA diagnoses after December 23, 2016

December 23, 2016

819 (9.6%)

Patients were treated with nusinersen after a diagnosis of SMA, with the first observed treatment with nusinersen after

Study Cohorts

791 (96.6%)

Patients had clinical activity in the database >1 month after the first observed nusinersen treatment

» SMA type 1 N=23 (37.1%)

698 (88.2%)

Patients had clinical activity in the database >6 months before the first observed nusinersen treatment

P‘ SMA type 2 N=41 (43.6%)
N=260 (56.3%)

Fig. 1 Sample sclection. FDA US Food and Drug
Administration, HCPCS Health Care Common Proce-
dure Coding System, ICD-10-CM International Classifi-
cation of Diseases, Tenth Revision, Clinical Modification,
NDC National Drug Code, SMA spinal muscular atrophy.
“The observation period spanned from the first observed
month of clinical activity until the last observed month of
clinical activity or the end of data availability, whichever

Period of clinical activity

\

SMA type 3

occurred first. "Nusinersen treatment was identified based
on either >1 claim for nusinersen injection or prescription
fill, or >1 claim for unclassified drug or biologic injection
on the same claim as an SMA diagnosis and for which the
charged amount was between US $90,000 and $2,000,000,
excluding claims with an NDC for onasemnogene
abeparvovec.

Study start date
First observed
period of clinical
activity

December 23, 2016
(date of approval for
nusinersen for the
treatment of SMA)

\
\

Last observed
period of clinical
Study period activity

|

\

Index date
Initiation of nusinersen® after an

>4 nusinersen doses

Earliest of the following:
— Last observed period of clinical activity
— End of data availability
(i.e., November 30, 2019)
— Initiation of onasemnogene abeparvovec

SMA diagnosis

Fig. 2 Study design. SMA spinal muscular atrophy. *The initiation of nusinersen was identified based on the first indicator

for treatment with nusinersen

[9]. Patients were followed from nusinersen
initiation until last observed clinical activity or
end of data availability (November 20, 2019).

Given that onasemnogene abeparvovec gene
therapy [22] was approved for the treatment of
SMA during the time of the study (May 2019)
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Table 2 Nusinersen dosage schedule adherence™?

SMA type 1 SMA type 2 SMA type 3
(n = 123) (n = 41) (n = 260)
Number of patients with at least one dose off-schedule, 13 (56.5) 30 (73.2) 158 (60.8)
n (%)
Adherence rate, mean + SD 71.84 £+ 29.85 74.37 £ 22.82 75.57 + 25.78
Minimum 16.7% 25.0% 20.0%
10th percentile 25.0% 40.0% 40.0%
25th percentile 46.2% 58.3% 55.6%
Median 83.3% 80.0% 83.3%
75th percentile 100.0% 100.0% 100.0%
90th percentile 100.0% 100.0% 100.0%
Maximum 100.0% 100.0% 100.0%

8D standard deviation, SMA spinal muscular atrophy

* Adherence rate was defined as the percentage of doses received on time out of all doses received. Patients who received all

their nusinersen doses on time were defined as adherent to nusinersen dosage schedule, and those who received one or more

doses not on time were defined as non-adherent to nusinersen dosage schedule

b Doses were considered not on time using grace periods of =7 days for loading doses and 3-14 days for maintenance doses.

Patients with >120 days between their first and second dosage were considered as in the maintenance phase and were

expected to follow the maintenance dosing schedule

maintenance doses. Those who received one or
more doses not on time were defined as non-
adherent to the dosing schedule [26].

Patient characteristics related to discontinu-
ation of treatment were evaluated. Outcomes
were descriptively reported for each cohort. No
statistical comparisons were conducted. Only
numerical comparisons are presented in the
context of this study.

RESULTS

Demographics and Baseline Clinical
Characteristics

Patient characteristics, demographics, and
comorbidities are summarized in Table 1. We
identified 62 patients with SMA type 1, 94
patients with SMA type 2, and 462 patients with
SMA type 3 (Fig. 1). Patients who completed all

four loading doses by SMA type were: 23
patients (37.1%) with SMA type 1, 41 (43.6%)
with SMA type 2, and 260 (56.3%) with SMA
type 3. Eligible patients with SMA types 1, 2, or
3 were selected as presented in Fig. 1.

Adherence

Mean (SD) nusinersen adherence rates across
SMA types were similar: 71.8% (29.9%), 74.4%
(22.8%), and 75.6% (25.8%) for SMA types 1, 2,
and 3, respectively (Table 2). Allowing for a
grace period of +7 days for loading doses
and +14 days for maintenance doses, at least
one dose was received off-schedule by 13 of 23
patients (56.5%) with SMA type 1, 30 of 41
patients (73.2%) with SMA type 2, and 158 of
260 patients (60.8%) with SMA type 3 (Table 2).

Patients who did not adhere to treatment
had greater SMA-related comorbidities across all
SMA types, including feeding difficulties,
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Patients with Median time to Persistence rate
discontinuation.® n discontinuation,®
(%) months 1 month 3 months 6 months 9 months 12 months 18 months 24 months
Patients at risk®, n 19 15 12 9 8 5 3
SMA type 1 1 (48% 185
aps (n=23) “8%) KM rate (95% CD) 82.6 65.2 60.2 552 552 552 441
A
(60.1:93.1) (42.3:80.8) (373:71.0) (32.5:73.0) (32.5:73.0) (325:73.0)  (19.0:66.8)
Patients at risk?, n 2 26 19 14 1 9 8
SMA ty - "
SMALpe2  (n=4l) n % 62 KM rate 95% C1) 78.0 54 548 159 04 347 347
° (62.1:87.9) (46.8: 76.1) (38.0: 68.8) (29.6:60.8) (26.2:57.7) (19.1:50.8)  (19.1:50.8)
Patients at risk, n 207 191 159 131 116 67 24
SMA type =2 14 % 14.4
tpe3  (n=260) 6 (56%) KM e (9% C1) 796 750 655 60.1 546 537 33
° (74.2: 84.0) (69.2:79.8) (59.3:71.0) (53.8:65.9) (48.2: 60.6) (37.0:502)  (26.7:41.0)
100%
——SMA type 1
90%
——SMA type 2
80% ——SMA type 3
L 0% |
&
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Fig. 3 Persistence to nusinersen for patients with SMA.
KM Kaplan Meier, SMA spinal muscular atrophy.
*Patients were observed from the index date until
nusinersen discontinuation, an indicator of treatment
with onasemnogene abeparvovec, or end of data availability
(November 30, 2019), whichever occurred first. Treatment

discontinuation was defined as two or more consecutive

dyspnea and respiratory anomalies, failure to
thrive, and muscle weakness. Non-adherent
patients also demonstrated more neurodevel-
opmental disorders, sleep-wake disorders, and
chronic pulmonary disease compared with
adherent patients (Table 3).

Discontinuation and Persistence Analyses

Median time to nusinersen discontinuation was
18.5 months among patients with SMA type 1,
with a persistence rate of 55.2% at 12 months
post-initiation (Fig. 3). Analysis of treatment
persistence revealed that<S50% of patients,
regardless of SMA type, remained on treatment
24 months after starting nusinersen (Fig. 3). The
time to discontinuation among patients with

missed doses based on the expected dosing schedule per
product label. The date of discontinuation was set to the
date of the first missed dose. "Patients who were still
observed at the specific time, that is, patients who did not
discontinue before that time point and who are not
censored at that point

SMA types 2 and 3 was 6.2 and 14.4 months,
respectively, with  persistence rates at
12 months of 42.4% and 54.6%, respectively.
Mean ages (months & SD) of patients who dis-
continued nusinersen were 0.82 +0.75,
2.92 £1.61, and 12.49 4+ 8.53 for patients with
SMA types 1, 2, and 3, respectively (Table 1).
Mean ages (months + SD) of patients who did
not discontinue nusinersen were 0.67 4 0.49,
2.76 £1.03, and 17.53 4+ 11.44 for SMA types 1,
2, and 3, respectively (Table 1).

SMA-Related Comorbidities

Comorbidity profiles for patients who discon-
tinued compared with patients who did not
discontinue were similar for each cohort. The
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most common comorbidities varied by SMA

% ..5 GS\ % § —5? type. For patients with SMA type 1, the most
= g2 59 §gc common comorbidity was feeding difficulties
& _ 5 g R 9 g k- [45.5% (n=15/11) and 41.7% (n = 5/12) for dis-
-'§ R = P98 3 g»,% continuation cohort and no discontinuation
= o v B=N \ K
s ™| < g = § T cohort, respectively; Table 1]. SMA type 2
S<1 | H - 2 o a p y yp
Z 3| o _('U)"cé 2 £43 patients presented with generalized muscle
<84 g’*; 5 weakness as the most common comorbidity
_’g 3 e 2B [41.7% (n = 10/24) and 47.1 (n = 8/17) for the
e | 0.8 = g 8 3 discontinuation cohort and no discontinuation
[ = 5 . . .
% g ol = 25 E < &3 cohort, respectively; Table 1]. For patients with
R g £ 5 £ E SMA type 3, the most common comorbidity
% -';u: 1 -OH é @ g g ~§ if:'; reported was scoliosis [49.3% (n = 72/146) and
g 22 532 57.9% (n=066/114) for the discontinuation
£ g2 52 % cohort and no discontinuation cohort, respec-
. ¢ P 5 oz tively; Table 1).
=] [Pt ] =
= oo = J)ﬁ & —§ OB & B Health Care Resource Utilization and
eV olggss ES Cost Analyses
AHRIEE S
s L 3 o B
” a 5 i g BT g Non-Adherent or Adherent Patients
S b £ _§* 3 “jf E Patients with SMA types 1, 2, and 3 who were
a8 £ § R 3‘; = non-adherent to nusinersen treatment had
g S| 98§ <IEE reater HCRU days PPPY compared with
$ « =% 8 y p
5 g = . :
; 2 ‘ﬁ‘ j :§ _§ g £ ,f patients who were adherent to the dosing
12 | 2 % 2% E 3 g b= schedule. Overall HCRU days PPPY for non-ad-
é E2E E= 5 herent patients with SMA types 1, 2, and 3 were
o S 55 &REE 48.4, 109.6, and 71.7, respectively. For adherent
g = 8 4B a8 E .5 ’ ’ ’
S EESE EE% atients, HCRU days PPPY were 42.2, 45.2, and
(%} Q.0 v L o p y
=5 o = ‘: 5 _é 5 @ fg -§D 54.8 for SMA types 1, 2, and 3, respectively
Tt~|lo|SE-5 =285 (Supplemental Table 1).
§'§ i #9528 —§ g While patients received treatment, health
S| o582 5.5 ’
£ g £°6 g Sb"é care costs [excluding nusinersen costs;
5 % P E § gL T mean = SD  (median)] reached $59,244 +
- |% TEZL 2L $80,492 ($28,915) PPPY for patients with SMA
Q .; = _§ <5 _% g § _EB type 1 in the non-adherent cohort and
= g =l 2 §8° g &3 v $85,042 + $122,187 ($21,448) PPPY for patients
= >3 2 8§ 3§ 8 in the adherent cohort (Table 4). Non-adherent
o~} +H Qv = 5 8
- 5]
wil< x|l o|a5ey g E g patients with SMA type 2 incurred $146,830 +
E8:%5 v &z $172,157 ($84,428) PPPY compared with
g ESET fv3 $51,937 & $42,221 ($40,537) PPPY incurred by
o Bl Q 1 . . .
‘g 2.5 % & _g _Dc ‘g adherent patients (Table 4). For patients with
N ~ 2 g ?é €8s SMA type 3, these costs were $105,657 +
2| a 2 5 g § ~ Tz &3 $222,385 ($31,485) PPPY for the non-adherent
(5]
ERR: 2 | 873 26 55 58 cohort and $74,647 + $138,899 ($30,968) PPPY
glcga Sleess3zT for the adherent cohort (Table 4).
Slg& =8 &880 ¢ g &
o 3 ~ o] s ;6 B E Q a
— = - b=
2| 8 S|P 88828 88
AR EIEEEEEE Y
S SYEEES L
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3 TS5 8T Patients Who Discontinued or Did Not
E 5% g §'§ Discontinue
k- _ g 5 % % 5 On average, patients with SMA type 1 who dis-
§ Il = 8 g 3 . ‘g continued nusinersen (n=11) had 326 events
< ‘ﬁ‘ o E 22 E with medical services, while those who did not
2 s i *2 RS E S & discontinue nusinersen (n = 12) had 805 events
= O g .fc% d 8 with medical services. However, patients with
'_§ B é ) i SMA types 2 and 3 who discontinued nusin-
=R ] . .
- |3 = E PR ersen h.ad, on average, more .events Wlth rpedl-
g Ec| = 54z & g cal services than those who did not discontinue
& ‘g‘ = 5 53 9 & B (1971 events compared with 1888 events,
E 2 : ; é a_“é E respectively, for patients with SMA type 2; 9883
sIRE| o 5 g £ El events compared with 9078 events, respectively,
o §~§ 523 for patients with SMA type 3). Findings varied
Q a2 8 . .
2 25, > 8 g among the subgroup of patients who received
o= S T R 7S B . .
g vSE §5 5 their four loading doses because of a small
= .
_é el = " & % "§ E S E sample size (Supplem.ental Ta!ble 2). . .
< 'ﬁ‘ S S Eci3w® Over the observation period, patients with
v 2 v B8 . . .
S s 'OH 23 % S ~ g i SMA type 1 who discontinued nusinersen had,
é’ g B Sz E\—% on average, greater total health care costs (ex-
— v . . .
D © 8-S ;a g cluding nusinersen costs) than those who did
ot 9
= S S s €T ES not discontinue [mean +SD  (median):
g s2ixEEE $92,678 + $164,502 ($19,782) compared with
g — F2EQT L E
Sleg| = s2z35 5§45 $79,352 + $114,717 ($30,262) PPPY, respec-
g = S . L
S ‘ﬁ' o = ER- tively]. Similarly, for SMA types 2 and 3,
E é < | 1 5 F o ? EE 2 patients who discontinued nusinersen incurred
7 N e S o2 5 8 3 g
g £ _"-é 2 2 § greater average total health care costs PPPY than
'§ g *:E,,\‘:" g g = & those who did not discontinue: SMA type 2:
£ 2882255 $110,468 + $134,239 ($71,674) compared with
g _ -~ | &% £ds5y £ $92,566 + $136,496 ($40,184); SMA type 3:
2= 2 |3 E- 553 $96,787 + $196,245 ($24,434) compared with
L T 92 i '§ — 2 $82,253 + $188,851 ($35,752) (Table 5).
#Sl e |EE5E5 83
8 90 ¢ & 3 g
f28587% 2 DISCUSSION
= EcSg=5 2
: E T = g E S Bwv .
& S| = —§ o= _g % e Real-world data supporting the efficacy of
s~ 2 g g § £ 22 nusinersen beyond what has been demon-
% g. 1 ﬁ S _E -'é 2 —§ gln i strated in clinical trials are limited. Lavie and
= IR E o 8 colleagues, in one of the few studies to report
. é < 2 Ta’ ; g ,2 real-world data for patients with SMA, prospec-
8 sS85 ,858 8 tively collected records from patients with SMA
- 7 ~— h= . . .
g‘ﬁ E; zr g = %'5 5 g type 1 to investigate respiratory support
ia 3 S5 558° g requirements in those treated with nusinersen;
§ s < .13 _é g _§* 22873 however, this study was limited to only 20 SMA
£18 S E g & g M 5 2 type 1 patients and did not evaluate adherence
— (5} v
§ 02 5 5= BT § S %”E to nusinersen [27].
w | S E = g g & }:) 2 55 é Investigation of adherence for SMA treat-
2 % 2 g =R % ‘é’ E ‘g_? = ments is especially necessary because nusin-
Sz g = F § O g §_,,5 g g ersen is administered intrathecally within set
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time intervals over patients’ lifetimes, and
treatment may pose logistical challenges for
patients and their caregivers. Among these
challenges are risks related to anesthesia for
intrathecal delivery and costs for surgical
administration.

In our study of claims data in the United
States, we found frequent deviations from the
recommended nusinersen dosing schedule
across SMA types 1, 2, and 3. The reasons for
non-adherence may have had to do with the
described logistical challenges for the patient
(e.g., traveling to sites for treatment, scheduling
time off of work, or finding child care for
unaffected siblings) or the patient’s health on a
day of planned treatment. These barriers, while
understandable, often result in treatment delays
that, in this patient population, may result in
loss of motor neuron function and disease pro-
gression. In addition, non-adherence to treat-
ment may increase health care costs, especially
for patients with chronic conditions [14]. For
example, non-adherence leads to poorer out-
comes (e.g., respiratory illness requiring hospi-
talization), which result in increased ancillary
health care utilization and expenditures related
to the underlying disease [18, 19].

Several barriers can affect caregiver adher-
ence to long-term care, including increased
dependency on other people, increased pres-
ence of siblings or other people living in the
household, restrictions on activities of daily
living, transportation challenges, lack of
knowledge about the disease and/or the medi-
cation, concerns about the effectiveness of the
treatment, fear about adverse effects, poor
prognosis, and poor communication with care
providers [28-30]. Strategies to improve adher-
ence include quickly detecting non-adherence
(e.g., missed appointments) as well as identify-
ing barriers to adherence [11]. Patient and
family education on the importance of adher-
ence is also critical.

There are several limitations of our analysis
that should be acknowledged. In this retro-
spective study, cause-and-effect determinations
could not be ascertained, and the small sample
size limited generalizations across patient pop-
ulations. Moreover, there were no statistical
analyses for determining factors that may have

affected adherence or discontinuation of treat-
ment. Patients were observed over a limited
time. Therefore, the patterns observed may not
have been constant or consistent. Diagnosis
codes captured in the data reflect diagnoses
recorded on medical claims for billing purposes
and may have been erroneous or incomplete.
Further studies with longer follow-up, larger
sample sizes, and statistical comparisons are
warranted.

Because this study was completed prior to
the SARS-CoV2 pandemic, related public health
protocols or other factors that might be attrib-
uted to the pandemic (e.g., aversion to travel,
hesitancy regarding in-clinic procedures) did
not confound our analysis.

CONCLUSIONS

In conclusion, our analysis of US claims data
indicated that discontinuation and non-adher-
ence to nusinersen treatment are prevalent, and
associated with greater frequency of comor-
bidities, greater HCRU, and increased costs for
patients. Treatment delays for patients with
SMA may result in loss of motor neuron func-
tion, disease progression, and increased HCRU
and costs. More studies are needed to evaluate
the effect of adherence as more patients with
SMA are treated with nusinersen. Future
research would also be important to evaluate
adherence to other treatments for SMA that
became available after the completion of this
work [24].
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