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ABSTRACT
Background: Recent cost-utility analysis (CUA) models for onasemnogene abeparvovec 
(Zolgensma®, formerly AVXS-101) in spinal muscular atrophy type 1 (SMA1) differ on key assump-
tions and results.
Objective: To compare the manufacturer’s proprietary CUA model to the model published by the 
Institute for Clinical and Economic Review (ICER), and to update the manufacturer’s model with 
long-term follow-up data and some key ICER assumptions.
Study design: We updated a recent CUA evaluating value for money in cost per incremental 
Quality-adjusted Life Year (QALY) of onasemnogene abeparvovec versus nusinersen (Spinraza®) 
or best supportive care (BSC) in symptomatic SMA1 patients, and compared it to the ICER model.
Setting/Perspective: USA/Commercial payer
Participants: Children aged <2 years with SMA1.
Interventions: Onasemnogene abeparvovec, a single-dose gene replacement therapy, versus 
nusinersen, an antisense oligonucleotide, versus BSC.
Main outcome measure: Incremental-cost effectiveness ratio and value-based price using tradi-
tional thresholds for general medicines in the US.
Results: Updated survival (undiscounted) predicted by the model was 37.60 years for onasem-
nogene abeparvovec compared to 12.10 years for nusinersen and 7.27 years for BSC. Updated 
quality-adjusted survival using ICER’s utility scores and discounted at 3% were 13.33, 2.85, and 
1.15 discounted QALYs for onasemnogene abeparvovec, nusinersen, and BSC, respectively. Using 
estimated net prices, the discounted lifetime cost/patient was $3.93 M for onasemnogene 
abeparvovec, $4.60 M for nusinersen, and $1.96 M for BSC. The incremental cost per QALY 
gained for onasemnogene abeparvovec was dominant against nusinersen and $161,648 against 
BSC. These results broadly align with the results of the ICER model, which predicted a cost per 
QALY gained of $139,000 compared with nusinersen, and $243,000 compared with BSC (assum-
ing a placeholder price of $2 M for onasemnogene abeparvovec), differences in methodology 
notwithstanding. Exploratory analyses in presymptomatic patients were similar.
Conclusion: This updated CUA model is similar to ICER analyses comparing onasemnogene 
abeparvovec with nusinersen in the symptomatic and presymptomatic SMA populations. At 
a list price of $2.125 M, onasemnogene abeparvovec is cost-effective compared to nusinersen 
for SMA1 patients treated before age 2 years. When compared to BSC, cost per QALY of 
onasemnogene abeparvovec is higher than commonly used thresholds for therapies in the USA 
($150,000 per QALY).
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Introduction

Onasemnogene abeparvovec (Zolgensma®) was 
approved by the US Food and Drug Administration for 
the treatment of pediatric patients less than 2 years of 
age with Spinal Muscular Atrophy (SMA) with bi-allelic 
mutations in the survival motor neuron 1 (SMN1) gene 
[1]. SMA is characterized by degeneration of lower 

motor neurons in the spinal cord and brainstem, lead-
ing to weakness and muscle atrophy, loss of indepen-
dent breathing and swallowing, and early death [2]. In 
the USA (US), SMA occurs in approximately 1 in 10,000 
newborns (about 500 new cases per year), making it the 
most common hereditary disease causing childhood 
death [3]. Patients with the most severe form of SMA, 
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type 1, will typically be diagnosed before six months of 
age when they fail to reach gross motor milestones 
such as rolling or the ability to sit without assistance 
[4]. By their second birthday, around 90% of SMA type 1 
patients will die or require permanent ventilator assis-
tance (>16 hours/day) [5]. In 2018, SMA was added to 
the Recommended Uniform Screening Panel for new-
borns in the US and several states have now adopted 
SMA newborn screening [6].

As the first gene therapy approved for SMA, onasem-
nogene abeparvovec directly addresses the root cause 
of the disease by providing a functional copy of the 
SMN gene, restoring functional SMN protein in motor 
neurons, preventing neuronal cell death, and halting 
disease progression [7]. In an open-label study 
(NCT02122952 [START]), 12 genetically confirmed 
infants with SMA type 1 received a one-time intrave-
nous therapeutic dose of onasemnogene abeparvovec 
(2.0e14 vg/kg) [8]. After two years of follow-up, 11 
patients achieved sitting unassisted along with the abil-
ity to feed orally and the ability to speak, two patients 
were walking independently, and all patients had sur-
vived without the need for permanent ventilatory assis-
tance [9].

In May 2019, we published a cost-utility analysis 
(CUA) of onasemnogene abeparvovec compared to 
the current standard of care in the US, nusinersen 
(Spinraza®) in patients with symptomatic SMA type 1 
[10]. This CUA used health states based on gross motor 
milestones (sitting and walking independently) that 
were achieved by treated patients. To estimate survival 
and quality of life gains for patients who achieved these 
milestones, we used long-term observational data for 
patients with less severe forms for SMA (types 2 and 3) 
[11], while costs were applied from a recent commercial 
claims database analysis, also using SMA types 2 and 3 
as proxies for sitting and walking patients [12]. The 
model also included a health state for permanent 
assisted ventilation, to capture the additional costs 
and impact on survival and quality of life associated 
with full-time reliance on mechanical ventilation [13]. 

That model predicted that onasemnogene abeparvovec 
would deliver 15.65 discounted quality-adjusted life- 
years (QALYs) compared to nusinersen’s 5.29 and 
would be cost-effective using traditional US thresholds 
at potential prices of up to 5 USD M for a single dose of 
onasemnogene abeparvovec in SMA type 1 [10].

One month earlier (April 2019), a CUA was published 
by the Institute for Clinical and Economic Review (ICER), 
an independent research organization that evaluates 
the clinical and economic value of prescription drugs 
in the US [14]. In its analysis, ICER adopted similar 
model health states and used similar data sources to 
compare onasemnogene abeparvovec and nusinersen 
separately to best supportive care (BSC) (Figure 1). At 
the time the report was published, the list price of 
onasemnogene abeparvovec was unknown, so ICER 
used a placeholder price of 2,000,000 USD per treat-
ment. ICER concluded that the incremental cost per 
QALY gained for onasemnogene abeparvovec com-
pared to BSC was 243,000 USD in symptomatic SMA 
type 1 patients. ICER noted that this cost per QALY is 
higher than traditional cost-effectiveness thresholds 
used in the US between (100,000 - 150,000 USD per 
QALY) but that payers may use higher thresholds and 
consider broader impacts when considering the value 
of treatments for ultra-rare diseases [15]. To that end, 
ICER includes analyses with willingness to pay thresh-
olds of up to 500,000 USD per QALY when evaluating 
rare diseases, while also considering impacts on families 
and other considerations not captured in CUA. While 
ICER did not compare onasemnogene abeparvovec and 
nusinersen directly in its base case, it did include sce-
nario analyses comparing the two therapies assuming 
symptoms were present. In this analysis, ICER estimated 
that the incremental cost per QALY gained would be 
139,000 USD at the 2,000,000 USD placeholder price.

ICER also included an exploratory analysis of a gene 
therapy such as onasemnogene abeparvovec in pre-
symptomatic patients, to reflect the FDA indication for 
all SMA (in patients <2 years of age) and in anticipation 
of universal newborn screening that is expected to be 

Figure 1. Model health states – previous model vs ICER model.
Note: in this updated model, no patients enter ‘A’ state. 
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added in the near future. In this scenario, because there 
were no published clinical trial data at the time for gene 
therapies, ICER assumed that this “Drug X’ would be as 
effective as nusinersen in the presymptomatic patient 
population. ICER estimated that the cost per QALY 
gained for Drug X compared to BSC would be 157,000 
USD resulting in a value-based price of up to 1.9 M USD 
using traditional cost-effectiveness thresholds.

In light of the ICER report, we have updated our CUA 
to align with updated data based on the ICER model. 
We also adjusted model inputs to incorporate equiva-
lent stopping rules and hospital markups for nusinersen 
treatment as those used in the ICER model, as well as 

adding a comparison to BSC in the symptomatic and 
presymptomatic populations. The purpose of this 
report is to update the previously published CUA 
using assumptions adopted by ICER where appropriate, 
and to account for the remaining differences between 
both analyses.

Materials and methods

Summary of updates to the model

Table 1 provides a comparison of the original model, 
the ICER model, and this update, and Table 2 lists the 
inputs used in the updated model. The original model 

Table 1. Comparison between old model, new model, and ICER model.
Model Element Previous model ICER model Updated model

Updated elements that are aligned with the ICER model
Comparators Nusinersen BSC (base case) 

Nusinersen (scenario analysis
BSC 

Nusinersen
Onasemnogene 
abeparvovec price

Range of placeholder values ($2.5 M-$5 M) Placeholder price of $2 M List price of $2.125 M

Long-term clinical 
outcomes

Nusinersen-treated patients: projected 
additional milestones based on CHOP 
INTEND data published from ENDEAR 

Onasemnogene abeparvovec: no projected 
additional milestones

Nusinersen: Milestones based on SHINE 
extension study. No projected additional 
milestones. 

Onasemnogene abeparvovec: no projected 
additional milestones

Nusinersen: Milestones based on 
SHINE extension study. No projected 
additional milestones. 

Onasemnogene abeparvovec: no 
projected additional milestones

Nusinersen stopping 
rules

No stopping rules Patients in not sitting health states (D and E) 
assumed to stop nusinersen after 24 months 
of treatment

Patients in not sitting health states (D 
and E) assumed to stop nusinersen 
after 24 months of treatment

Nusinersen drug 
cost

60% markup applied to wholesale 
acquisition cost for hospital inpatient 
administration based on expert opinion

Estimated net cost per package of $127,500 
(Average Wholesale Price – 15% discount).

Estimated net cost per package of 
$127,500 (Average Wholesale Price – 
15% discount).

Utility sources CHERISH – caregiver-proxy EQ-5D utility 
scores ranging from 0.73 to 0.878 (with 
scenario analyses of alternate scores with 
greater range between low and improved 
health states)

Derived from multiple sources – utility 
scores ranging from 0.19 to 0.92

Same as ICER utility scores

Elements in the updated model that differ from the ICER model
Onasemnogene 
abeparvovec 
milestones per 
observed patient 
development

Incorporated 11/12 patients achieved 
independent sitting and 2/12 patients 
achieved independent walking as observed 
during clinical trial

Assumed that one-third of onasemnogene 
abeparvovec patients received nusinersen at 
the end of the short term model and that 
50% of those would lose a milestone in the 
absence of nusinersen

No change to previous model as there 
is no evidence to suggest that 
subsequent nusinersen therapy was 
required or would be beneficial for 
onasemnogene abeparvovec patients

Comparison with 
Nusinersen

Compared onasemnogene abeparvovec- 
treated patients to nusinersen-treated 
patients using a naïve comparison with no 
adjustments

Compared onasemnogene abeparvovec- 
treated patients to nusinersen-treated 
patients using a naïve comparison with no 
adjustments, but assumed one-third of 
onasemnogene abeparvovec patients would 
receive payer-funded sequential nusinersen 
treatment

No change to previous model

Survival source in 
Permanent 
Ventilation state

Used pooled data from observational trial 
for patients in Noninvasive Ventilation 
group and Tracheostomy group

Used data from same observational trial for 
patients in Noninvasive Ventilation group 
only

No change to previous model

Additional ventilator 
assistance costs 
(beyond claims 
analysis data for 
SMA)

Cost of Ventilatory devices used at home 
factored in via microcosting of Durable 
Medical Equipment

Additional cost of ventilator estimated from 
a UK study[21], converted to US dollars using 
2002 exchange rates and then inflated to 
2017 dollars, applied to PAV state and all 
patients before death

Additional cost of ventilator estimated 
from a UK study[21], converted to US 
dollars using 2002 exchange rates and 
then inflated to 2017 dollars, applied 
to PAV state only (as it is assumed 
that costs for other states are included 
in the claims analysis source)

Model cycles 6-monthly for first 3 years then annually Monthly cycles No change to previous model
Presymptomatic 
analysis

No presymptomatic analysis Exploratory analysis of ‘Drug X’ assuming 
equal efficacy to nusinersen

Exploratory analysis of ‘Drug X’ 
assuming efficacy equal to that of 6 
onasemnogene abeparvovec patients 
treated before age 3 months
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compared onasemnogene abeparvovec to nusinersen, 
which, at that time, was standard of care and the only 
disease-modifying therapy available for patients with 
SMA type 1 in the US. In its model, ICER compared 
onasemnogene abeparvovec to BSC for its base case 
analysis. We have added a comparison to BSC in this 
model update.

Some input parameters in the model have been 
updated or amended following the ICER report to 
reflect the most recent available evidence base. The 
onasemnogene abeparvovec vs nusinersen model 
included published data from a randomized control 
trial comparing nusinersen to sham control with 
13 months of follow-up (NCT02193074 [ENDEAR]). In 

2018, interim efficacy and safety data for the nusinersen 
extension trial (NCT02594124 [SHINE]) was presented at 
the American Academy of Neurology conference [16], 
with nearly 60 months of follow-up from first dose. The 
longer-term data for patients who received nusinersen 
in ENDEAR and SHINE used in the ICER model have 
been used in this model update. These updated data 
replace previous extrapolations of future projected 
milestones in the nusinersen arm (no milestones were 
extrapolated for onasemnogene abeparvovec in the 
previous version or the updated version of the CUA). 
Additionally, where our original model used natural 
history data (for probability of transitioning to death 
or permanent ventilation in the BSC arm and beyond 

Table 2. Inputs used in model.
Variable Source

Health state transitions: proportion of patients sitting or 
walking.

onasemnogene abeparvovec: 
AVXS-101-CL-101 [NCT02122952][8,28] 
nusinersen: 
ENDEAR [NCT02193074][17] and SHINE [NCT02594124][16] 
BSC: 
No sitting/walking patients.

Health state transitions: Probability of death or 
permanent ventilation (D state only)

Permanent Ventilation (E state) – 
onasemnogene abeparvovec/nusinersen/BSC: 
Based on a retrospective chart review of SMA patients with tracheotomy or non-invasive 

ventilation, projected using parametric estimation[13] 
Not sitting (D state) – 
onasemnogene abeparvovec: 
Short term model: AVXS-101-CL-101 [NCT02122952][8] 
Long term: Projected overall and event-free survival using curve fitted to ENDEAR/SHINE (sham 

control arm) [NCT02193074, NCT02594124][16,17] 
nusinersen: 
Short term model: ENDEAR [NCT02193074][17] and SHINE [NCT02594124][16] 
Long term: Projected overall and event-free survival using curve fitted to ENDEAR/SHINE (sham 

control arm) [NCT02193074, NCT02594124][16,17] 
BSC: 
ENDEAR (sham control arm)[17] 
Sitting (C state) – 
onasemnogene abeparvovec/nusinersen: 
Parametric curve fitted to overall survival curve for SMA type 2[11] 
Walking (B state) – 
onasemnogene abeparvovec/nusinersen: 
Assume general population mortality in US[29]

Utility Scores Equivalent to weightings used in the ICER analysis[14], derived from multiple sources 
Permanent Ventilation: 0.19 
Not sitting: 0.19 (BSC) 0.29 (Treatment arms) 
Sitting: 0.60 (BSC) 0.65 (Treatment arms) 
Walking: US general population utility

Cost inputs Price of onasemnogene abeparvovec: $2.125 M one-time dose 
All other costs were equal to costs used in the ICER analysis[14]

Caregiver disutility (Modified societal perspective) Equivalent to values used in the ICER analysis[14], derived from The Lewin Group report[30]: 
Permanent Ventilation: −0.394 
Not sitting: −0.2955 
Sitting: −0.197 
Walking: 0

Lost Household income (Modified societal perspective) Equivalent to values used in the ICER analysis (estimate 1)[14], derived from The Lewin Group 
report[30]: 

SMA early onset: predicted loss $19,833 
SMA other: predicted loss $14,800

Non-Medical costs 
(Modified societal perspective)

Equivalent to values used in the ICER analysis (estimate 1)[14], derived from The Lewin Group 
report[30]: 

Permanent ventilation, Not sitting, Sitting: $964 per month
Patient productivity gains Equivalent to values used in the ICER analysis (estimate 1)[14], derived from The Lewin Group 

report[30]: 
Sitting, Walking: potential monthly income $4,540, estimated from age 30–65 years.
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the trial periods for non-sitting treated patients), we 
have adopted the source selected by ICER (the sham 
control arm of the ENDEAR trial) [17] to replace the 
original source (the NeuroNext trial) [18]. This sham 
control arm has equivalent clinical endpoints to the 
clinical trials of onasemnogene abeparvovec and nusi-
nersen, although as a randomized controlled trial, it 
may not be as generalizable to the wider population 
as the previously used observational study.

In our previous publication, we noted that, while 
there have been a number of health-related quality of 
life studies conducted in children with SMA type 1, 
there is no clearly preferred source of utility scores 
because each has important limitations (including the 
serious challenges of measuring quality of life in small 
children) [10]. In the earlier model base case we used 
EQ-5D utility scores reported from a trial of SMA type 2 
patients (less severe, later onset patients who are gen-
erally able to sit independently) receiving nusinersen 
treatment (NCT02292537 [CHERISH]) [19]. We also ran 
scenario analyses exploring the impacts of alternative 
sources. In its analysis, ICER used a variety of sources for 
base case utility scores for each model health state, 
including the NICE evaluation of nusinersen [20], as 
well as additional utility increments in the treatment 
arms for achieving interim milestones. In this model 
update, we have adopted the utility scores and incre-
ments used by ICER.

ICER’s analysis applied a stopping rule based on 
a review of US commercial coverage policies that 
assumed that nusinersen patients who do not achieve 
motor milestones after 24 months or who require per-
manent assisted ventilation would discontinue nusiner-
sen treatment. Our previous onasemnogene 
abeparvovec model did not include a stopping rule 
for nusinersen patients; the updated model implements 
the ICER stopping rule.

The updated model uses the same estimated net 
cost per package for nusinersen, the same administra-
tion costs and assumptions, and factors in the same 
hospital markups as the ICER model (previously our 
model used hospital markups reported by clinical 
experts). Now that onasemnogene abeparvovec has 
launched in the US, our updated model includes the 
reimbursement price for the gene therapy instead of 
placeholder prices.

The ICER model used an identical source for medical 
costs as our original model. While our previous model 
micro-costed durable medical equipment (consisting of 
ventilators, breathing assist devices, and types of 
wheelchairs), ICER added an aggregate figure to cap-
ture ‘costs associated with permanent ventilation’ for 
patients in the permanent assisted ventilation state, 

based on a published analysis in the UK (converted to 
USD using 2002 exchange rates and then inflated to 
2017 dollars) [21]. While this approach may underesti-
mate healthcare costs in the US, to align with the ICER 
model we have adopted the same approach in the 
model update.

In our original model, we included a health state ‘A’ 
to represent patients ‘within a broad range of normal 
development’ (i.e., patients who were able to walk 
independently by two years of age). This state was 
intended to capture the curative potential of onasem-
nogene abeparvovec; patients in this state were 
assumed to have zero costs associated with SMA treat-
ment and survival and utility scores consistent with 
SMA type 3 (i.e., general population) after initial treat-
ment. In contrast, ICER did not include an A state; the 
ICER model ‘walking’ state had survival and utility 
scores consistent with SMA type 3 (i.e., those of the 
general population) and SMA costs also associated with 
SMA type 3 (lower than the other health states but not 
zero). In our update, we included the option in the 
programmable model for the user to select whether 
patients can enter the ‘A’ state; for the base case CUA 
in this report, we have not included an ‘A’ state.

The original model did not include an analysis of the 
presymptomatic population, as clinical trial results for 
onasemnogene abeparvovec in presymptomatic 
patients were unavailable. However, to align with the 
exploratory analysis conducted by ICER in ‘Drug X’, 
a hypothetical gene therapy used in presymptomatic 
patients, we have conducted similar exploratory analy-
sis. Instead of assuming equivalent efficacy to nusiner-
sen, we assumed efficacy of the hypothetical treatment 
was equivalent to onasemnogene abeparvovec patients 
who received treatment prior to the age of three 
months. Although these patients clinically were symp-
tomatic, this subgroup of patients who received early 
treatment was chosen as a proxy to better represent 
the potential benefit of treating patients presymptoma-
tically, as further analysis of the onasemnogene abepar-
vovec study group have shown that milestone gains 
were greatest in patients treated early (dosed before 
age three months) [22]. For the nusinersen arm, we 
used published interim data from a trial of nusinersen 
in presymptomatic patients (NCT02386553 [NURTURE]).

Comparison to the ICER model – remaining 
differences

A key difference between the original model and the 
ICER model was that ICER assumed some onasemno-
gene abeparvovec patients would later receive nusiner-
sen, whereas the original CUA did not account for 
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sequential use. There is currently no clinical evidence of 
benefit of sequential therapy, although recently 
approved clinical trials may give insight into the possi-
ble efficacy of nusinersen after onasemnogene abepar-
vovec (e.g., NCT04488133). Given the lack of evidence 
of clinical benefit of sequential therapy and the high 
cost of nusinersen treatment, we have not explored 
sequential treatment in this analysis; once results data 
have been published in this cohort it would be useful to 
explore this. Similarly, our earlier CUA and this updated 
CUA does not explore outcomes of patients receiving 
onasemnogene after stopping nusinersen, due to lack 
of clinical evidence and the risk that by the age nusi-
nersen therapy is stopped, symptomatic SMA type 1 
patients may no longer be eligible for onasemnogene 
therapy.

In some instances, the approach taken by ICER was 
not consistent with the available evidence. For example, 
ICER assumed that one-sixth of patients who received 
onasemnogene abeparvovec and attained sitting would 
regress a milestone (i.e., lose the ability to sit indepen-
dently) at the end of their short-term model (i.e., after 
the end of the trial period) in the comparison against 
BSC (they assumed no motor milestone loss in the 
comparison against nusinersen). This was an assump-
tion based on three patients treated with onasemno-
gene abeparvovec who went on to start nusinersen 
after the end of the onasemnogene abeparvovec clin-
ical trial (hence in the model comparison to nusinersen, 
ICER assumed no milestone loss but incorporated costs 
of sequential nusinersen treatment). ICER assumed that 
this treatment decision could have been because their 
health state started to deteriorate or because they did 
not improve as much as desired. However, this assump-
tion is not consistent with the clinical trial data for these 
patients, which showed ongoing motor milestone 
achievements, including two additional children who 
were able to stand with support (four total) [9]. This 
suggests that nusinersen was not required for these 
patients and provides evidence against the speculative 
claim that the patients would have lost motor abilities 
without the add-on therapy. Given that we challenge 
ICER’s assumption, we have assumed no loss of motor 
milestones in the base case CUA. However to address 
uncertainty in the durability of the gene therapy 
beyond the trial periods, we ran a scenario analysis to 
explore the impact on the cost-utility of onasemnogene 
abeparvovec in the event that effects begin to wane in 
the future (in this case, a speculated 25 years).

In the ICER model analysis, ‘sitting unassisted’ for the 
onasemnogene abeparvovec arm was defined as ‘sit-
ting unassisted for ≥10 seconds, in accordance with 
WHO Motor Milestones criteria’[14]. The WHO Motor 

Milestone criteria require that the child sits up straight 
without using arms or hands to balance or support their 
body. We consider that the WHO criteria may be too 
restrictive when considering very young children who, 
once mobile, want to reach for toys and explore. Our 
previous model and this update uses clinical endpoints 
reported by the onasemnogene abeparvovec study, 
which defined sitting unassisted for ≥5 seconds, as 
per item 22 of the Bayley Scales of Infant and Toddler 
Development gross motor subtest [23]. We used the 
same thresholds for the updated CUA. For nusinersen- 
treated patients, the ICER report uses HINE-2 motor 
milestone definition of ‘sitting unassisted’, which 
includes ‘stable sit’ and ‘pivots’, and does not include 
a duration, per the reported outcomes from ENDEAR 
and SHINE.

Additionally, when estimating the proportion of sit-
ting patients in the nusinersen arm in its final report, 
ICER assumed that, in addition to the patients observed 
to sit independently, patients lost to follow-up who did 
not attend scheduled clinic visits might have also 
achieved independent sitting. We consider this to be 
a likely overestimate of motor function improvements, 
so our updated model uses the same method as pre-
viously published (i.e., only patients who were observed 
sitting through formal evaluation transition to the sit-
ting state).

In extrapolating survival in patients on permanent 
assisted ventilation, ICER used a long-term observa-
tional study of SMA type 1 patients, but excluded data 
for those patients who had been tracheostomized [13]. 
In contrast, our original model used pooled data from 
both groups from that same study to reflect the clinical 
trial populations and clinical practice in the US, where 
tracheostomy is recommended in selected patients in 
whom non-invasive ventilation is insufficient or has 
failed [24]. Tracheostomy is known to prolong survival 
[13]. By excluding these patients, ICER may have under-
estimated life-years for patients in this health state. 
Accordingly, we did not adjust our approach, but did 
limit survival to a maximum of 16 years, which was the 
maximum observed life expectancy in that study (pre-
viously we had used 22 years, the maximum observed 
life expectancy in any SMA type 1 study), to prevent 
unrealistically protracted survival from long extrapola-
tion curve tails from skewing the results [13,25].

ICER also incorporated costs associated with perma-
nent ventilation for patients in higher functioning states 
(sitting or walking) immediately before death; our 
model does not incorporate these end of life costs 
since we assumed that these would have been cap-
tured in the commercial claims database analysis used 
for direct medical costs, and we, therefore, avoid 
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double counting. This has a small impact on results 
given that these patients survive for many years and 
costs are discounted at 3% annually.

Some modeling differences also remain that have 
a small impact on the estimate of life years and 
QALYs. For example, for the parametric survival curves 
fitted to Kaplan–Meier data, we had opted to use the 
mathematically best-fitting curves so long as they were 
clinically plausible and were a visual good fit. In some 
cases, these differ from the curves used by ICER. The 
difference in survival estimation did not have 
a significant impact on the model results. In calculating 
the probability of transitioning to death, the ICER 
model used observed deaths for the clinical trial period 
(short-term model period) and then applied survival 
curve-based mortality to the extrapolated period of 
the model for patients in all health states; our model 
did this for D state patients only. Our model used cycle 
lengths of six months for the first three years, and 
annual cycles thereafter; the ICER model used monthly 
cycles throughout the duration of the model. In calcu-
lating the proportion of patients who achieved motor 
milestones, we conservatively assumed that all mile-
stones occurred at the end of each cycle and so 
account for these transitions in the next full cycle. As 
a result, the QALYs for each arm may be underesti-
mated and costs overestimated.

Results

The base case results for the revised model are pre-
sented in Table 3Table 4. SMA type 1 patients enter the 
non-sitting (‘D’) state of the model before the age of 
6 months. Undiscounted life years predicted by our 

updated model per patient in the onasemnogene abe-
parvovec arm were 37.60 life-years compared to 12.10 
life-years for nusinersen and 7.27 life-years for BSC 
(20.09, 9.06, and 5.91 life-years, respectively, when dis-
counted at 3%). Median survival was 35.0 years in the 
onasemnogene abeparvovec arm compared to 
16.0 years and 3.0 years for nusinersen and BSC, respec-
tively. When utility weightings were applied, dis-
counted QALYs per patient in the onasemnogene 
abeparvovec arm were 13.33 compared to 2.85 for 
nusinersen and 1.15 for BSC. These results broadly 
align with ICER’s model, which reported 13.46 QALYs 
for onasemnogene abeparvovec in its analysis against 
nusinersen, 3.24 QALYs for nusinersen and 0.46 QALYs 
for BSC.

Our updated model estimated mean lifetime per- 
patient cost to a US commercial payer (when dis-
counted at 3%) to be 3,930,879 USD for onasemnogene 
abeparvovec (using the list price of 2,125,000 USD), 
4,602,692 USD for nusinersen, and 1,961,710 USD for 
BSC. These costs were primarily driven by the high costs 
of therapy in the onasemnogene abeparvovec and nusi-
nersen arms and the high cost of medical treatment in 
the BSC arm. The ICER model also predicted that the 
lifetime cost of onasemnogene abeparvovec would be 
lower than that of nusinersen. Costs predicted by the 
ICER model were 3,657,000 USD for onasemnogene 
abeparvovec using the 2,000,000 USD placeholder 
price (similar to 3,782,000 USD for the list price), 
3,884,000 USD for nusinersen, and 789,000 USD for BSC.

At the list price of 2,125,000 USD for onasemnogene 
abeparvovec, the incremental cost per QALY gained 
was 161,648 USD compared to BSC, which is lower 
than the result estimated by ICER (243,000 USD), due 

Table 3. Comparison of results from old model, new model and ICER model.
Variable Treatment arm Previous model ICER model Updated model

Life-Years 
(undiscounted)

Onasemnogene abeparvovec 37.20 33.13 37.60
BSC N/A 2.68 7.27
Nusinersen 9.68 10.28 12.10

Life-Years 
(discounted)

Onasemnogene abeparvovec 19.81 18.17 
(19.76 in scenario vs 

nusinersen)

20.09

BSC N/A 2.40 5.91
Nusinersen 7.11 7.64 9.06

QALYs (discounted) Onasemnogene abeparvovec 15.65 12.23 
(13.46 in scenario vs 

nusinersen)

13.33

BSC N/A 0.46 1.15
Nusinersen 5.29 3.24 2.85

Costs (discounted) Onasemnogene abeparvovec $3,735,826* $3,657,000* $3,930,879**
BSC N/A $789,000 $1,961,710
Nusinersen $6,316,711 $3,884,000 $4,602,692

Cost/QALY gained Onasemnogene abeparvovec vs BSC N/A $243,000 $161,648
Onasemnogene abeparvovec vs 

Nusinersen***
Dominant at $2 M 

placeholder price
$139,000 -$64,121) 

onasemnogene abeparvovec 
dominant

*Assuming a $2 M placeholder price ** Incorporating list price of $2.125 M ***Scenario analysis 
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to ICER’s milestone assumptions. When compared to 
nusinersen, our updated model predicts that onasem-
nogene abeparvovec will be dominant (less costly and 
more effective). In contrast, ICER predicted that the cost 
per QALY gained for onasemnogene abeparvovec com-
pared to nusinersen would be 139,000 USD (this analy-
sis includes cost of sequential nusinersen therapy). 
ICER’s estimate falls below traditional willingness to 
pay thresholds in the US, while the results predicted 
by our updated model suggest that onasemnogene 
abeparvovec may not be cost-effective at the current 
list price against BSC, but is dominant against nusiner-
sen. With two disease-modifying treatments now avail-
able for SMA type 1 in the US, we consider that BSC is 
not an appropriate comparator for decision-makers (as 
BSC is not a viable or ethical alternative to therapy).

Discussion

The results of the revised model align with the results 
of the ICER model with some, but not all, outcomes. 
Both models predict similar discounted life-years for 
onasemnogene abeparvovec (20.09 in the updated 
model; 19.76 in the ICER model comparing onasemno-
gene abeparvovec to nusinersen with no loss of mile-
stones). Our revised model predicts more discounted 
life-years for nusinersen compared to the ICER model 
(9.06 vs 7.64 life-years), as well as estimating more 
discounted life-years for BSC (5.91 life-years compared 
to 2.40 life-years). This is because our model uses data 
from tracheostomized patients (who survive longer) 
when estimating survival in the Permanent Assisted 
Ventilation (PAV) state, compared to the ICER model 
which uses data from patients reliant on non-invasive 
ventilation only (who have limited survival). Compared 
to our previous model, estimated survival for nusiner-
sen has also increased (from 7.11 life-years to 9.06 life- 
years); we surmise that this is because of the revised 
data source to estimate the number of patients who 
transition to the Permanent Assisted Ventilation state 
(from NeuroNext to ENDEAR sham control). In the 
updated CUA, more patients transition to the PAV 
state (with longer survival) than in the previous version 
of the model.

The updated model predicts 13.33 QALYs for ona-
semnogene abeparvovec, a number that closely aligns 
with the 13.46 QALYs predicted by the ICER model in 
the scenario comparing onasemnogene abeparvovec to 
nusinersen. The updated model predicts 2.85 QALYs for 
nusinersen, compared to 3.24 QALYs predicted by the 
ICER model. In effect, the updated model predicts 
longer survival for nusinersen patients than the ICER 
model, but fewer QALYs. Overall, our updated model 

applies an average utility weighting of 0.31 to nusiner-
sen patients (2.85 QALYs divided by 9.06 life-years) 
compared to the average 0.42 utility weighting used 
by ICER (3.24 QALYs divided by 7.64 life-years). While 
the utility scores applied to each health state are the 
same across both models, the difference arises because 
ICER’s estimates of the proportion of nusinersen 
patients who sit are higher (because they include 
patients who did not attend follow-up visits) and 
because our model only transitions patients into higher 
milestone groups at the start of the next full 6-month 
cycle, which will underestimate the amount of time 
patients spend in the sitting and walking states (with 
higher utility scores) for both treatment arms compared 
to the ICER model (which transitions patients every 
month). Additionally, in comparison to our previous 
model, the updated CUA predicts fewer QALYs for all 
arms because the utility scores used by ICER for the 
Permanent Ventilation and Non-sitting health states are 
much lower than the scores we originally used.

The updated model estimates that the average life-
time cost of onasemnogene abeparvovec therapy is 
3,930,879 USD compared to the ICER estimate of 
3,657,000 USD for onasemnogene abeparvovec at the 
placeholder price of 2,000,000 USD (this would be 
3,782,000 USD using the 2,125,000 USD list price). For 
nusinersen, our updated model estimates the average 
lifetime cost will be 4,602,692 USD compared to ICER’s 
estimates of (base case), 3,884,000 USD for nusinersen. 
This represents a substantial change compared to our 
previous model, which predicted much higher costs 
associated with nusinersen treatment (largely driven 
by the reported hospital markup applied in some 
instances). For BSC, our updated model predicts lifetime 
costs of 1,961,710 USD compared to ICER’s prediction of 
789,000. USD The remaining differences in estimated 
lifetime costs between our updated model and the ICER 
model are attributable to the different life-years pre-
dicted by each model (as the average cost per life-year 
is similar between the two models), as well as the 
previously mentioned differences in timing of health 
state transitions, as the cost inputs are close to 
equivalent.

The updated model predicts that average total life-
time cost of onasemnogene abeparvovec treatment will 
be lower than the cost of nusinersen treatment, with 
additional benefits; hence, onasemnogene abeparvovec 
is dominant against nusinersen. That onasemnogene 
abeparvovec is cost-effective against nusinersen 
according to traditionally used cost-effectiveness 
thresholds is consistent with the conclusion of the 
ICER analysis (a cost per QALY of 139,000 USD when 
comparing onasemnogene abeparvovec directly to 
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nusinersen); however, this naïve comparison ‘scenario’ 
incorporates additional cost of nusinersen treatment for 
some onasemnogene abeparvovec patients. As an alter-
native analysis using the published ICER results, com-
parison of the ICER-modeled lifetime cost of 
onasemnogene abeparvovec to the ICER-modeled cost 
of nusinersen (3,657,000 compared to 3,884,000 USD), 
and the ICER-modeled QALYs of onasemnogene abe-
parvovec compared to those of nusinersen (12.23 com-
pared to 3.24), results in a negative cost per QALY (i.e., 
the cost per QALY of onasemnogene abeparvovec 
would similarly be considered ‘dominant’ compared to 
nusinersen).

In our exploratory analysis of presymptomatic 
patients, we predicted that onasemnogene abeparvo-
vec would deliver 22.83 discounted life-years and 
nusinersen would deliver 21.57 life-years. Quality- 
adjusted survival predicted by the model was 16.47 
QALYs for onasemnogene abeparvovec and 14.87 
QALYs for nusinersen. This was slightly below the 
values estimated by ICER (both arms with 26.58 LYs 
and 21.94 QALYs). We expect the difference is due to 
the timing of health state transitions as our model 
only transitions patients at the start of each new six- 
month cycle. In our exploratory presymptomatic 
model, the lifetime cost of nusinersen substantially 
exceeds onasemnogene abeparvovec (10,589,128 vs 
3,803,121 USD), so onasemnogene abeparvovec dom-
inates in this population. The ICER model predicted 
similar outcomes: lifetime costs for nusinersen of 
11,929,000 USD compared to 3,264,000 USD for ona-
semnogene abeparvovec, for 21.94 QALYs with either 
treatment.

In the updated model, we also added an explora-
tory analysis from a modified societal perspective, to 
reflect the impacts of treatment outside of the health 
system. In this analysis, we mirrored the ICER esti-
mates, adding values for economic inputs listed in 
ICER report: non-medical costs (e.g., moving or mod-
ifying the home and purchasing or modifying 
a vehicle), lost household income arising from caring 
for SMA patients, and patient productivity gains (for 
SMA patients who may be able to work during adult-
hood). The societal perspective also incorporates care-
giver disutilities, to capture effects on caregiver quality 
of life. Input values for this scenario are included in 
Table 2. In this analysis, the total lifetime cost for each 
treatment option is higher (as this analysis includes 
additional costs outside of the health system, which 
are not offset by the gain in labor market earnings): 
4,328,330 USD for onasemnogene abeparvovec and 
4,874,280 USD for nusinersen. In terms of benefits, life- 
years remain unchanged but QALYs are substantially 

adjusted due to the use of negative utility weightings 
for all health states except for walking (QALYs reduced 
to 10.02 for onasemnogene abeparvovec and −0.13 
for nusinersen). Overall, this analysis supports the con-
clusion that onasemnogene abeparvovec is cost- 
effective compared to nusinersen in symptomatic 
SMA type 1 from both the societal and payer 
perspective.

An important limitation of our model is that we are 
unable to follow patients for the full duration of the 
expected benefit (up to a lifetime), leading to consider-
able uncertainty around the future survival improve-
ment of all treated patients. Like the ICER model, we 
used scenario and sensitivity analyses to explore the 
impact of more pessimistic assumptions. In a scenario 
assuming a waning of effect for onasemnogene abe-
parvovec patients beyond 25 years (if patients began to 
lose milestones around adulthood), onasemnogene 
abeparvovec generates 10.25 QALYs compared to nusi-
nersen’s 2.85, at a lower cost overall. In highly pessimis-
tic scenarios further reducing the estimated effect of 
gene therapy, QALYs reduce but still remain higher 
overall compared to nusinersen (5.66 and 7.54 QALYs 
for onasemnogene abeparvovec-treated patients 
assuming duration of effect of 10 and 15 years, respec-
tively), while lifetime costs remain lower than those of 
nusinersen. This analysis illustrates the value of ona-
semnogene abeparvovec as a ‘one-off’ treatment with 
clinically meaningful benefits compared to chronic ther-
apy in the symptomatic SMA type 1 population, even 
with uncertainty around the future longevity of those 
benefits.

Lifetime costs for onasemnogene abeparvovec 
patients in that scenario are 3,788,187 USD and hence 
onasemnogene abeparvovec is still dominant against 
nusinersen in that scenario. Long-term follow-up of 
the efficacy of onasemnogene abeparvovec will be 
important to demonstrate the durability of benefits for 
patients. There is reason to consider that the benefits 
are likely to be permanent as motor neurons are long- 
lived; one-time administration of gene therapy is 
thought to be sufficient for lifetime episomal transgene 
expression in the cell if delivered before motor neuron 
loss occurs [7].

Another important limitation is the lack of direct 
comparison between onasemnogene abeparvovec and 
nusinersen. However, in the case of SMA trials, the 
relative homogeneity of the enrolled patient groups 
(all study participants had two copies of the SMN2 
gene, and mean age at disease onset was 1.8 months, 
2.2 months, and 1.4 months for nusinersen, sham con-
trol, and onasemnogene abeparvovec, respectively), 
and consistent use of objective clinical endpoints 
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(gross motor milestone achievement; need for perma-
nent ventilation) assist in making these comparisons. 
A 2019 indirect treatment comparison concluded that 
onasemnogene abeparvovec may have an efficacy 
advantage relative to nusinersen for overall survival, 
independence from permanent assisted ventilation, 
motor function, and motor milestones [26].

Further efficacy studies are underway to evaluate 
onasemnogene abeparvovec, including open-label, sin-
gle-arm phase 3 trials in infants with SMA type 1 
younger than six months of age, with one or two copies 
of the SMN2 gene in both the USA (NCT03306277 
[STR1VE], and the European Union (NCT03461289 
[STR1VE-EU]). The US STR1VE trial has recently con-
cluded (although final data are not available as of this 
writing), and the STR1VE-EU trial has completed enroll-
ment. In addition, a phase 3 global study (NCT03505099 
[SPR1NT]) evaluating the efficacy of onasemnogene 
abeparvovec in presymptomatic neonatal patients 
with SMA (age six weeks or less at dosing) with multiple 
SMN2 copies (two and three copies) is currently 
ongoing. Notably, one patient in the STR1VE-US trial 
died at age 7.8 months due to respiratory failure, and 
one patient’s death has been reported in the STR1VE- 
EU trial following onset of respiratory distress and 
hypoxic-ischemic encephalopathy; both deaths were 
considered unrelated to treatment by the investigator. 
The updated model partially accounts for this by 
a scenario where overall survival is 95% for the clinical 
trial period. In this scenario, the life-years, QALYs and 
lifetime costs of onasemnogene abeparvovec are 
reduced; onasemnogene abeparvovec remains domi-
nant against nusinersen.

Recent approvals of potentially curative gene thera-
pies for previously fatal childhood diseases have pre-
cipitated debate on whether CUA methods are 
adequate to capture the true value of these therapies 
to society, without binding payers to unsustainable 
prices, especially as more gene therapies are approved 
[27]. This updated CUA analysis, and the preceding ICER 
report, suggest that, in the case of fatal, devastating 
diseases such as SMA, the value of restoring the poten-
tial for a full life is clear and the challenge becomes 
ensuring that the ‘right’ patients are treated at the 
‘right’ time – that is, identifying patients who will likely 
benefit and restoring healthy gene function in time to 
halt disease progression before life-threatening, irrever-
sible damage has occurred. Newborn screening and 
early intervention in children with genetically con-
firmed SMA represent the best means of identifying 
and treating the ‘right’ patients, and will thus deliver 
substantial value to the health system, and improve the 
lives of children and families impacted by this disease.

Conclusion

At the list price of 2,125,000 USD in the US, onasemno-
gene abeparvovec is cost-effective compared to nusiner-
sen for symptomatic SMA type 1 patients treated before 
two years of age and is close to being cost-effective 
compared to BSC for presymptomatic SMA type 1 when 
traditional cost-effectiveness thresholds are used. In pre-
symptomatic patients, scenario analyses show that sin-
gle-dose onasemnogene abeparvovec treatment may be 
as effective as nusinersen and substantially less costly. 
While there are some key differences between our 
updated model and the ICER model, the two models 
corroborate each other by producing similar results.
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