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Background: Botulinum toxin A (BoNT-A) is an effective treatment for patients with upper 

limb spasticity (ULS), which is a debilitating feature of upper motor neuron lesions. BoNT-A 

preparations available in the UK are associated with different costs.

Methods: We developed a budget impact model to assess the effect of changing market shares 

of different BoNT-A formulations – abobotulinumtoxinA, onabotulinumtoxinA, and incobotu-

linumtoxinA – and best supportive care, from the UK payer perspective, over a 5-year time 

horizon. Epidemiological and resource use data were derived from published literature and 

clinical expert opinion. One-way sensitivity analyses were performed to determine parameters 

most influential on budget impact.

Results: Base-case assumptions showed that an increased uptake of abobotulinumtoxinA 

resulted in a 5-year savings of £6,283,829. Treatment with BoNT-A costs less than best 

supportive care per patient per year, although treating a patient with onabotulinumtoxinA 

(£20,861) and incobotulinumtoxinA (£20,717) cost more per patient annually than with abo-

botulinumtoxinA (£19,800). Sensitivity analyses showed that the most influential parameters 

on budget were percentage of cerebral palsy and stroke patients developing ULS, and the 

prevalence of stroke.

Conclusion: Study findings suggest that increased use of abobotulinumtoxinA for ULS in the 

UK could potentially reduce total ULS cost for the health system and society.

Keywords: stroke, cerebral palsy, multiple sclerosis, traumatic brain injury

Introduction
Upper limb spasticity (ULS) is an important debilitating characteristic of conditions 

featuring upper motor neuron lesions, including stroke, multiple sclerosis,1–4 cere-

bral palsy, and traumatic brain, and spinal cord injury. Although data regarding the 

prevalence of ULS in the UK are sparse, the occurrence of ULS in stroke patients, 

who comprise the majority of cases, is estimated to be up to 40%.4 ULS is defined 

as involuntary hyperkinetic movements of the muscles controlling the upper limb,5 

in which patients are unable to control the initiation of muscle reflexes, resulting in 

abnormal postures, deformity, and pain. This inadvertently influences the activities 

of daily living and, consequently, predisposes patients and their caregivers alike to a 

significant burden of care,6 making delivery of care to these patients unduly difficult 

and tasking.7

In addition to this considerable negative quality of life effect on both patients and 

their caregivers, the costs of treating patients with upper motor neuron lesions and 

spasticity are estimated to be four times as great as those without spasticity.8 Evidence 
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suggests that spasticity-related costs generally comprise 

costs of conventional treatment, including, but not limited to, 

hospitalization, rehabilitative therapy, and pharmacotherapy 

costs.9

Guidelines in the UK recommend the use of botulinum 

toxin A (BoNT-A),10 which is an effective11–17 and potentially 

cost-effective9,18,19 antispastic pharmaceutical treatment, as 

adjunct to conventional treatment in instances where ULS 

significantly hinders patient care and hygiene, impedes the 

use of fine motor functions, causes postural discomfort or 

pain, or cosmetic concern to the affected individual.10,20 There 

are, however, variations in the costs and pharmacodynamic 

properties of the three BoNT-As being used in the manage-

ment of ULS in the UK – abobotulinumtoxinA (Dysport®, 

Ipsen Biopharm SAS, Boulogne-Billancourt Cedex, 

France), onabotulinumtoxinA (Botox®, Allergan Inc., Irvine, 

CA, USA), and incobotulinumtoxinA (Xeomin®, Merz 

Pharma GmbH & Co. KGaA, Frankfurt am Main, Germany). 

The differences in either BoNT-A cost or, for example, dura-

tion of effect, can impact the frequency of use of health care 

resources and overall budget to treat ULS patients.

As a result, we investigated the importance of differences 

in BoNT-A cost and health care resource use to overall budget 

in a UK population with ULS and conducted a budget impact 

assessment of changing the market share of abobotulinum-

toxinA, onabotulinumtoxinA, or incobotulinumtoxinA.

Methods
Overview
A budget impact model was developed in Microsoft Excel® 

2007 to determine the budgetary impact of changing market 

share of abobotulinumtoxinA relative to other BoNT-As 

(onabotulinumtoxinA and incobotulinumtoxinA) and stan-

dard of care in the management of ULS in the UK, from a 

National Health Service (NHS) and personal social services 

perspective, over a 5-year time horizon. The budget impact 

model measures the net cumulative cost of treatment with 

a therapy for an eligible patient population to be treated, in 

order to help payers understand the impact of the new drug on 

spending; therefore this type of analysis does not assess the 

cost-effectiveness or effectiveness of treatment.21 However, 

there is evidence that BoNT-A is more effective compared 

with standard of care.11,12,22,23

The model evaluated two scenarios – the status quo, 

which is the current mix of available competing BoNT-A 

treatments according to their prevailing market shares, 

compared with a new market share scenario, which assumed 

an increased uptake of abobotulinumtoxinA relative to the 

other two BoNT-As. In both scenarios, the number of patients 

receiving best supportive care without BoNT-A treatment 

remained the same throughout the time horizon.

The model required epidemiological, resource use, unit 

cost, and market share proportions data. These data were 

retrieved from a variety of sources, including previously 

published literature, the British National Formulary (BNF),24 

the Personal Social Services Research Unit (PSSRU),25 NHS 

reference costs,26 and interviews with two practicing senior 

neurologists in the UK with extensive clinical experience in 

the management of patients with spasticity.

For each of the scenarios, the interventions examined were 

abobotulinumtoxinA, onabotulinumtoxinA, incobotulinum-

toxinA, and best supportive care without BoNT-A treatment. 

Best supportive care in our budget impact assessment com-

prised the use of analgesics, skeletal muscle relaxants, hospital 

admission, and rehabilitative therapy, including health care pro-

fessional visits, laboratory tests, splinting, and transportation.

Model inputs
Patient population
The number of patients considered eligible to receive BoNT-

A treatment was determined on clinical grounds and calcu-

lated using a top-down, prevalence-based approach, as shown 

in Figure 1. The model determined the proportion of patients 

within each original disease area who develop ULS (based on 

epidemiological studies),2–4,31–34 proportion of patients with 

problematic spasticity (spasticity was considered problematic 

if it interfered with motor function and/or caused distressing 

symptoms, such as painful muscle spasms) requiring treat-

ment, and those who are offered BoNT-A treatment (Ipsen 

Biopharm Ltd, unpublished data, October 2012).

Market share
The status quo and new market share scenarios were based 

on the proportion of patients who are treated with BoNT-A 

identified by a UK market based research conducted by 

Ipsen Biopharm Ltd (Ipsen Biopharm Ltd, unpublished data, 

October 2012). Each scenario was defined as:

•	 Status quo: only 7% of ULS patients receive BoNT-A; 

and abobotulinumtoxinA, onabotulinumtoxinA, and 

incobotulinumtoxinA are used in 33%, 52%, and 15% 

of patients with ULS receiving BoNT-A in the UK, 

respectively.

•	 New projections: the market share of BoNT-A remains 

7%, but the use of abobotulinumtoxinA relative to other 

BoNT-As increases by 10% annually (up to 73% in 

year 5) in patients with ULS receiving BoNT-As.

Table 1 provides more details of the market shares for the 

status quo and new projections scenarios.
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Direct costs of BoNT-A treatments
Three major types of resource use items were considered in 

the model; BoNT-A treatments, concomitant medications, 

and other medical or nonmedical resource use items. Items 

included as resource use were identified from previous eco-

nomic evaluations9,18,19 and key opinion leader interviews. 

Dosages of BoNT-A injections were based on summaries 

of product characteristics (SPCs). In the base case, patients 

receiving abobotulinumtoxinA, onabotulinumtoxinA, or 

incobotulinumtoxinA were assumed to receive injections 

at 12-weekly intervals.27–29 No vial-sharing was assumed. 

Given that BoNT-A injection vials come in different sizes, 

we assumed that the specialist administering the BoNT-A 

treatment would be rational and use the smallest available vial 

combination. Table 2 shows the doses per injection, vial costs, 

and available vial sizes.

Medical or nonmedical resource use
Costs for other forms of resource use were considered in the 

model. These included:

•	 Health care professional contact (physiatrist, neurologist, 

physiotherapist, occupational therapist, orthotist, practice 

nurse, general practitioner [GP])

•	 Analgesics, gabapentin, benzodiazepines

•	 Skeletal muscle relaxants, such as oral baclofen, tizani-

dine, and oral dantrolene

•	 Laboratory tests (liver function tests for monitoring 

skeletal muscle relaxants)

•	 Procedures (eg, splinting or ultrasound)

•	 Other medical/social services costs (hospital admis-

sion days)

•	 Nonmedical costs (transportation).

Data on the proportion of patients using each service 

and the number of visits/services per year were mainly 

provided by Ward et  al19 and clinical experts, while the 

unit cost of visits/services were extracted from the NHS 

reference costs26 (laboratory tests, hospital admission days, 

day hospital) and PSSRU (medical staff visits, emergency 

department visits, day center, home care services, care-

giver time, meals on wheels). The frequency of physiatrist/

Patients receiving
BoNT-As: 1,351#

Patients receiving
BoNT-As: 26,267#

Patients receiving
BoNT-As: 52,941#

Patients receiving
BoNT-As: 467#

Patients receiving
BoNT-As: 3,209#

Eligibility criteria:
467#

Eligibility criteria:
3,209#

Eligibility criteria:
1,351#

Eligibility criteria:
26,267#

Eligibility criteria:
52,941#

Cerebral palsy CP:
14,08933

Development of ULS:
2,7833

 Development of ULS: 52,534* 

Development of ULS: 150,0004

Eligible
patients

Acquired brain injury other than
stroke ABI:77,82731

Development of ULS: 9,728* 

Stroke: 450,00034

Development of ULS:
1,5692

Spinal cord injury SCI:
18,6793

Multiple sclerosis MS:
49,81032

Figure 1 Eligible patient population in year 1.
Note: *Clinical expert opinion. #Ipsen Biopharm Ltd, unpublished data, October 2012.
Abbreviations: BoNT-A, botulinum toxin A; ULS, upper limb spasticity.
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rehabilitation medicine specialist, neurologist visits, and 

ultrasound procedures, and transportation to the clinic are 

directly associated with the administration of each BoNT-A 

injection and, therefore, their associated costs are incurred 

at each treatment session.

The major differences in resource use between the 

BoNT-A treatment and best supportive care were based on 

the frequency and length of health care professional visits, 

the frequency of laboratory test, the use of skeletal muscle 

relaxants, and need for transportation. Generally, patients 

in the best supportive care arm were assumed to have more 

frequent visits to the physiatrist, physiotherapist, practice 

nurse, and the GP but fewer visits to neurologists. Their 

visits to the physiatrist, neurologist, and neurosurgeon were 

also shorter compared with patients receiving BoNT-A, 

lasting only half an hour19 compared with 1 hour for the 

latter group. Additionally, patients on best supportive care 

received a higher proportion of skeletal muscle relaxants 

(oral baclofen, tizanidine, and oral dantrolene)19 compared 

with those on BoNT-A treatment. In the case of those treated 

with tizanidine, routine laboratory tests were required on a 

regular basis (every 3 months). Lastly, 13% of patients receiv-

ing BoNT-A treatment were assumed to have an ultrasound 

before injection administration (key opinion leader opinion). 

Table 3 provides more detail on the differences in resource use 

between BoNT-A and best supportive care. It should be noted 

that cost in the best supportive care arm did not affect budget 

impact since market share evolution concerns changed among 

BoNT-As only, while the percentage of patients receiving 

best supportive care was unchanged. However, comparisons 

in costs between patients receiving best supportive care and 

BoNT-A can be made.

Analysis/impact calculation
The budget impact model first accounted for the number of 

patients eligible for the different types of treatments each 

year. Second, annual treatment costs were calculated based 

on the unit costs and the monthly/yearly utilization of the 

different resource use categories described above. Third, 

BoNT-A-eligible patients were distributed to receive each 

type of treatment, based on the market shares in the status 

quo and new market share scenarios. The difference between 

the total costs for both scenarios was the net budget impact 

of an increased market share for abobotulinumtoxinA.

Sensitivity analysis
The treated patient population is very heterogeneous; they 

may differ in the required dose, number of injections per 
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Table 2 BoNT-A medication treatment cost and dosagea

BoNT-A Mean Range Source

Min Max

AbobotulinumtoxinA
Vial cost of abobotulinumtoxinA (300 units) £92.40 NA NA BNF24

Vial cost of abobotulinumtoxinA (500 units) £154.00 NA NA BNF24

Maximum recommended dosage per  
injection of abobotulinumtoxinA

1,000 units 1,000 units 1,000 units UK SPC Dysport®28

OnabotulinumtoxinA
Vial cost of onabotulinumtoxinA (50 units) £77.50 NA NA BNF24

Vial cost of onabotulinumtoxinA (100 units) £138.20 NA NA BNF24

Vial cost of onabotulinumtoxinA (200 units) £276.40 NA NA BNF24

Maximum recommended dosage per  
injection of onabotulinumtoxinA

360 units 360 units 360 units UK SPC Botox®27

IncobotulinumtoxinA
Vial cost of incobotulinumtoxinA (50 units) £72.00 NA NA BNF24

Vial cost of incobotulinumtoxinA (100 units) £129.90 NA NA BNF24

Maximum recommended dosage per  
injection of incobotulinumtoxinA

400 units 400 units 400 units UK SPC Xeomin®29

Note: aMaximum recommended doses were chosen for this base case because in the UK, SPC are not alike in terms of muscle segments injected.
Abbreviations: BNF, British National Formulary; BoNT-A, botulinum toxin A; SPC, Summary of Product Characteristics; UK, United Kingdom.

Table 3 Resource use for BoNT-A and best supportive care arms

Resource use item BoNT-A arm Best supportive care arm Source

% Using Amount % Using Amount

Skeletal muscle relaxant
Oral baclofen 3% 60 mg daily dose 70% 60 mg daily dose Ward et al;19 BNF24

Tizanidine 3% 24 mg daily dose 70% 24 mg daily dose Ward et al;19 BNF24

Oral dantrolene 3% 225 mg daily dose 70% 225 mg daily dose Ward et al;19 BNF24

Analgesics
Benzodiazepines 5% 208 mg daily dose 5% 208 mg daily dose KOL opinion
Gabapentin 5% 600 mg daily dose 5% 600 mg daily dose KOL opinion
Health care professional
Physiatrist 50%a 4.3 visits per year, lasting  

1 hour each timeb

50%a 4.6 visits per year, lasting  
0.5 hour each time

Assumptions; 
Ward et al19

Neurologist 50%a 4.3 visits per year, lasting  
1 hour each timeb

50%a 1.9 visits per year, lasting  
0.5 hour each time

Assumptions; 
Ward et al19

Physiotherapist 100% 140 visits per year, lasting  
1 hour each timeb

100% 166 visits per year, lasting  
0.5 hour each time

KOL opinion; 
Ward et al19

Practice nurse 100% 156 visits per year 100% 296 visits per year KOL opinion; 
Ward et al19

GP visit 100% 2.4 visits per year 100% 4.9 visits per year KOL opinion; 
Ward et al19

Laboratory test
Blood test 0% 0 70% 4 times per year KOL opinion
Procedures
Ultrasound 12.50% 4.3 times per yearb 0% 0 KOL opinion, 

assumption
Splinting 50% 3 times per year 50% 3 times per year KOL opinion
Nonmedical costs
Transportation 50% 4.3 times per yearb 50% 4.6 times per yearc Assumption
Other medical/social  
services costs
Hospital admission days 100% 2.5 times per year 100% 2.5 times per year KOL opinion

Notes: aPatients are treated by either a physiatrist or a neurologist, therefore 50% of patients are assumed to visit a physiatrist and 50% a neurologist; bassumed outpatient 
visit is linked to the number of injections per year (BoNT-A injection provided every 12 weeks); cassumed transportation is linked to the number of physiatrist visits.
Abbreviations: BNF, British National Formulary; BoNT-A, botulinum toxin A; GP, general practitioner; KOL, key opinion leader.
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year, and in all other medical and nonmedical resource use. 

To capture these differences, one-way sensitivity analyses 

were conducted to determine which parameters were most 

influential on budget impact. Model parameter values were 

varied between two extremes based on ranges identified from 

the literature, when data were available. For parameters whose 

range could not be specified, a predefined ±20% range from 

the base-case values were used. Results are presented as a 

tornado diagram.

Results
The calculated eligible patient number for year 1 is presented 

in Figure 1. Table 1 shows that 6,033 patients were being 

treated in year 1 with one of the three BoNT-A formulations, 

amongst a total of 86,187 patients with ULS, rising to 6,281 

treated patients by year 5. A 4% increase was expected in the 

patient number at the end of the fifth year due to the grow-

ing population size in the UK. Under base-case assumptions 

(5-year time horizon, no vial-sharing), the total expected 

cost of treating ULS patients with BoNT-A injections was 

£10,375,314,465, while under the new market share scenario, 

it was £10,369,030,636. These costs correspond to the entire 

5-year budget of treating ULS patients (including the 93% not 

receiving BoNT-A) for all drugs and medical resource use. 

Amongst the 7% who receive BoNT-A, the 5-year budget 

was £630 million. Of this total, BoNT-A represented less than 

7% of this cost, while health care professional contacts and 

other medical costs represented 70% and 20%, respectively. 

An increased uptake of abobotulinumtoxinA resulted in a 

total of £6,283,829 savings at the end of year 5, as shown in 

Table 4. The main cost drivers were costs associated with 

contact with health care professionals and use of concomitant 

medications, when comparing BoNT-A treatment with best 

supportive care.

Annual total costs decreased by between £602,616 in 

year 2 and by £2,574,557 in year 5 by increasing the market 

share of abobotulinumtoxinA constantly over the 5-year 

period. In the base-case scenarios, treatment with BoNT-A 

(range £19,800–£20,861) cost less than best supportive care 

(£23,829) per patient per year. However, treating a patient with 

onabotulinumtoxinA (£20,861) and incobotulinumtoxinA 

(£20,717) cost more than treatment with abobotulinum-

toxinA (£19,800) per patient per year. BoNT-A medication 

costs accounted for the differences in annual treatment 

with BoNT-A, as all other resource use were assumed to be 

equal across BoNT-As. Figure 2 shows a breakdown of the 

summary cost components for each treatment per patient 

per year.

Deterministic sensitivity analyses showed that the per-

centage of cerebral palsy and stroke patients developing 

ULS, and the prevalence of stroke, respectively, were the 

most influential parameters on the total budget impact of 

ULS treatment, impacting both drug acquisition costs and 

physician costs. Figure 3 shows the tornado diagram of 

factors influencing the base-case findings (Table 5 provides 

definition for the abbreviations used).

Discussion
We examined the budget impact of altering the market share 

of BoNT-A treatments in a UK population with ULS. To 

our knowledge, this is the first study examining the budget 

impact of the use of BoNT-As in ULS patients in the UK. 

Our results suggest there could be savings of up to £4,029 

per patient per year with the use of BoNT-A compared with 

best supportive care. In particular, our model showed that 

a gradual and incremental use of abobotulinumtoxinA in 

comparison with other BoNT-A formulations and best sup-

portive care resulted in savings of £6,283,829 over a period 

of 5 years. There are several limitations of the model, as 

discussed below.

Economic evaluations involve the extrapolation of 

information from various sources and therefore require 

assumptions to reflect the complexity of the reality of treat-

ing patients, in a more simple and comprehensive way. Thus 

the economic methodology is often less well-defined than in 

clinical studies.30 In anticipation of the deviation from real-

life scenarios by the assumptions of the economic model, 

we conducted extensive sensitivity analyses to determine the 

most influential variables on the base-case analysis findings 

in the budget impact analysis.

Table 4 Net budget impact

Year 1 (£) Year 2 (£) Year 3 (£) Year 4 (£) Year 5 (£) Total (£)

Budget under status quo  
assumptions

£2,033,588,169 £2,054,117,242 £2,074,853,556 £2,095,799,202 £2,116,956,295 £10,375,314,465

Budget under new market  
share assumptions

£2,033,588,169 £2,053,514,626 £2,073,636,157 £2,093,909,945 £2,114,381,738 £10,369,030,636

Net budget impact £0 -£602,616 -£1,217,398 -£1,889,257 -£2,574,557 -£6,283,829
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Generally it was difficult to clarify the number of patients 

diagnosed with ULS and those receiving treatment for the 

condition. The number of patients who would eventually 

receive BoNT-A treatment for symptoms and signs of ULS 

may have been underestimated. Data on the number of 

patients with ULS secondary to stroke, multiple sclerosis, 

cerebral palsy, and traumatic brain and spinal cord injury 

was based on the assumption that the number of patients who 

developed ULS would be constant over the 5-year horizon 

modeled. In reality, however, this number could vary increas-

ingly or decreasingly.

In addition, the frequency and dose of BoNT-A injec-

tions, and other resource use types differ from SPCs or 

guidelines, in clinical practice. We assumed constant doses 

for BoNT-A treatment and explored possibilities of having 

different reinjection times for abobotulinumtoxinA. Most 

of the resource use data incorporated into our model was 

based on expert opinion or Ward et al.19 Further research 

is required to investigate resource use in the UK as it is 

a big cost driver of BoNT-A treatment compared with 

best supportive care. However, some real-world data is 

available from a large, international, observational cohort 

£0
AbobotulinumtoxinA OnabotulinumtoxinA IncobotulinumtoxinA Best supportive care

£5,000

£10,000

£15,000

£20,000

£25,000

Medication cost Concomitant medication
Health care professional contact Laboratory test and procedures
Other medical/social services costs Nonmedical costs

Figure 2 Cost per patient per year of BoNT-A treatments and best supportive care.
Note: Nonmedical costs were £27 per year on the BoNT-A treatment arms and £28 on the best supportive care arm, therefore they are not visible on the figure.
Abbreviation: BoNT-A, botulinum toxin A.
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Figure 3 Tornado diagram of factors influencing the base-case analysis.
Abbreviation: BoNT-A, botulinum toxin A.
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study to describe the real-life practice and outcomes in the 

treatment of poststroke ULS.31 In this study, the total dose 

range for abobotulinumtoxinA, onabotulinumtoxinA, and 

incobotulinumtoxinA was 40–1900 units, 50–500 units, 

100–600 units, respectively, and the median (range) reinjec-

tion time was 14 (2.6–32.3) weeks.31 Notably, the proportion 

of patients on antispasmodic medication fell from 46% to 

28.5%, from baseline to second visit. Further analysis of this 

data also showed abobotulinumtoxinA to be less costly per 

patient annually compared with other BoNT-As, based on 

real-world dosing of the three BoNT-As. More specifically, 

a homogeneous sample of patients with the same injected 

limb segments, such as “upper arm and lower arm only” was 

analyzed for the dose injected for each BoNT-A. In this case, 

the mean (standard deviation) dose injected for abobotuli-

numtoxinA, onabotulinumtoxinA, and incobotulinumtoxinA 

was 665 (280) units, 183 (99) units, and 235 (108) units, 

respectively. Under assumptions of equal reinjection cycles 

and no vial-sharing, the annual BoNT-A cost per patient 

in the UK was modeled as £1,068, £1,198, and £1,399 for 

abobotulinumtoxinA, onabotulinumtoxinA, and incobotu-

linumtoxinA, respectively. These findings from real-world 

settings strengthen the results of our base-case analysis, 

which showed that the use of abobotulinumtoxinA would 

reduce the annual BoNT-A cost of treating each patient 

by 11% compared with onabotulinumtoxinA and by 24% 

compared with incobotulinumtoxinA.32

Finally, there are variations in vial-sharing practices, 

where vials are shared in some cases and they are not in 

other cases. However, our model did not allow for sharing of 

vials of BoNT-A injections compared with best supportive 

care. This conservative approach was chosen in order not to 

overestimate the savings that might be associated with shar-

ing vials of BoNT-A injections.34,35

In addition to the effectiveness of BoNT-A treatment 

and the reduction of patient and caregiver burden stemming 

from functional impairments due to ULS, an increased use 

of abobotulinumtoxinA, compared with onabotulinumtoxinA 

and incobotulinumtoxinA, for ULS in the UK could poten-

tially reduce total ULS cost, representing cost-savings to the 

health system and society.
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