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Purpose: AcrySof IQ Vivity is a unique non-diffractive extended depth of focus intraocular lens with wavefront-shaping X-WAVE
technology. This study evaluated the cost-effectiveness of AcrySof IQ Vivity intraocular lens (DFT015) compared with standard
aspheric monofocal intraocular lens (SN6OWF), from a private health fund perspective in Australia.

Methods: A Markov model was developed using the following health states: well, need for spectacles (near/distance/bifocal/
varifocal), very bothersome visual disturbances (glare/haloes/starbursts) — with/without spectacles, and death. Model inputs were
sourced from a randomized clinical study (NCT03010254), published literature, prostheses list and clinical opinion. A lifetime horizon
(up to 30 years) was considered, and cost and health outcomes were discounted at 5% per annum. Model outcomes included
incremental cost—effectiveness ratio defined as incremental cost per quality adjusted life year gain. Sensitivity and scenario analyses
were also conducted.

Results: Bilateral implantation of DFT015 intraocular lens provided quality adjusted life year gain of 0.16 at an incremental cost
of AUS$307 compared to bilateral SN60OWF, leading to an incremental cost-effectiveness ratio of AU$1908/quality adjusted
life year, well below the cost-effectiveness threshold (Range: AU$45,000-AU$75,000) typically used by Medical Services
Advisory Committee in Australia. Results were most sensitive to intraocular lens costs, post-operative spectacle dependence,
and disutility due to wearing glasses. Robustness of the results was further confirmed by probabilistic sensitivity analysis and
scenario analyses.

Conclusion: AcrySof IQ Vivity intraocular lens is a highly cost-effective treatment strategy with improved vision-related quality of
life outcomes for presbyopic cataract surgery patients.
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Introduction
Cataract surgery is one of the safest and most commonly performed surgical procedures, with approximately 20 million
surgeries carried out worldwide every year.' In Australia, a total of 277,597 cataract surgeries were recorded in 2018
alone.* Additionally, many patients undergoing cataract surgery present with presbyopia, the most common refractive
disorder for individuals 40 years and older.>°

During cataract surgery, standard monofocal intraocular lenses (IOLs) are typically implanted, which have a single
focal point for distance vision correction; however, many patients may end up with life-long dependency on glasses for
near and/or intermediate vision correction.” Multifocal IOLs have more than one focal point and provide vision over
a range of distances (near, intermediate, and distance focal points), thereby reducing spectacle dependence.® However,
diffractive multifocal IOLs are associated with increased risk of visual disturbances and reduced contrast sensitivity
compared to monofocal IOLs.” More recently, extended depth of focus (EDoF) IOLs have been introduced, which offer
an extended range of vision and may lower the risk of visual disturbances.'”
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AcrySof IQ Vivity IOL (model DFTO015; Alcon) is a unique non-diffractive EDoF IOL with the wavefront-shaping
X-WAVE technology, which stretches and shifts the wavefront instead of splitting it to provide a continuous focal range
while maintaining a monofocal halo profile.”'""'* In an international, multi-center, randomized clinical trial (RCT,
NCT03010254), AcrySof IQ Vivity EDoF IOL provided superior intermediate and near vision and non-inferior distance
vision compared with an aspheric monofocal IOL (model SN60OWF; Alcon).” Further, DFT015 demonstrated a visual
disturbance profile similar to SN6OWE.’

In Australia’s public health system, patients usually receive a standard monofocal IOL implantation during cataract
surgery.'* Alternatively, more than half of the Australian population (13.6 million) has private insurance,'”> which
provides them coverage to seek healthcare in a private clinic with an option to choose a premium presbyopia and/or
astigmatism correcting IOL. In Australia, a medical device must be included in the “Prosthesis list” to be eligible for
specific benefits provided by private health insurers.'®'” In order to be included in the “Prosthesis list”, a medical device
must typically showcase improved or equivalent clinical and/or economic benefits over already listed devices.'®

To evaluate the clinical and cost benefits of new technologies, a cost—effectiveness analysis is a useful economic tool
that allows decision makers to make informed choices regarding coverage and reimbursement for such technologies. "'’
The preferred measure of effectiveness by the Pharmaceutical Benefits Advisory Committee (PBAC) and Medical
Services Advisory Committee (MSAC) is quality adjusted life years (QALYs).>%?! QALY is the academic standard

for measuring potential impact of an intervention on patients” life.”**

QALY has two components: “quality of life” and
“length of life”. QALY is estimated as the length of life multiplied by the utility weight (which represents the quality of
life).? Utility value represents how good an individual is feeling in a particular health state on a scale of 0 to 1, where 0
means “Death” and 1 means “Perfect health”. Utility values for health states are measured using standardised patient
reported outcomes (PRO) measures, such as EuroQol — 5 dimension (EQ-5D), Short Form — 36 (SF-36) questionnaire
etc. One QALY denotes 1 year of life in perfect health.?**

Currently, there are no published cost—effectiveness studies of DFT015 IOL in cataract surgery in Australia. Hence,
this study was conducted to evaluate the cost—effectiveness of DFT015 IOL compared with an aspheric monofocal IOL

(SN60OWF) in patients undergoing bilateral cataract surgery from the Australian private health fund perspective.

Methods
Model Structure

The Markov model used in the present study (Figure 1) was adapted from a recently published health economic evaluation
study of a trifocal IOL.** The patient baseline characteristics for the two IOL groups (DFT015 and SN6OWF) were sourced
from a multi-center, randomized clinical trial (NCT03010254), which aimed to evaluate the effectiveness and safety of these
two IOLs.”* The median age across both IOL groups (70 years) was used in the analysis.”> Model health states were based on
probable outcomes post-cataract surgery and included: well (spectacle-independent patients without any very bothersome
visual disturbances like glare/haloes/starburst), spectacle dependent (reading, distance, bifocal, and varifocal glasses), very
bothersome visual disturbances (glare/haloes/starbursts) — with/without spectacles, and death (absorbing health state).

Model Inputs

Clinical Inputs

The movement of patients between health states is defined by transition probabilities. All patients start in the “Well”
health state. The overall spectacle dependence with bilateral implantation of DFT015 IOL and SN6OWF IOL was 69.8%
and 92.5%, respectively,” and the proportion of patients experiencing very bothersome visual disturbances (glares/
haloes/starbursts) were 3.8% and 5.0% for DFT015 IOL and SN6OWF IOL, respectively.”*> The rate of resolution of
these very bothersome visual disturbances (glares/haloes/starbursts) was assumed to be 81% based on Hu et al study.?
The rate of development of very bothersome visual disturbances (glares/haloes/starbursts) and the subsequent resolution
were assumed to be similar for both spectacle dependent and spectacle-independent patients. Based on Hu et al, it was
assumed that patients not developing any very bothersome visual disturbances (glares/haloes/starbursts) within the

first year of cataract surgery would not experience them afterwards.”® The transition probabilities for different model
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Figure | Structure of Markov Model.

health states are described in Table 1. Patient distribution based on the type of vision correction needed for post-cataract
surgery (near, intermediate, and/or distance) in the two IOL groups (DFT015 and SN60OWF) was sourced as reported in
the Vivity RCT study (Table 2).°

In this model, death is an absorbing state as it is possible that a patient could die due to any cause in the post-cataract
surgery period. Mortality rates were obtained from the Australian Bureau of Statistics life tables (2017-2019)*” and were
applied to the proportion of alive patients in each health state in each cycle. The probability of death was assumed to be
the same for DFT015 IOL and SN60OWF IOL groups.

Cost Inputs

Model costs included DFT015 IOL and SN60WF IOL costs, cataract surgery costs (including surgeon’s fee and hospital
fee), and cost of glasses (reading glasses, distance glasses, bifocal glasses, varifocal glasses). Cataract surgery fees at the
hospital typically include surgeon’s fee, anaesthetist’s fee, and hospital facility fee. However, the anaesthetist’s fee is not
covered by private health funds and assumed to be borne by the patient/government; therefore, it was not included in
cataract surgery costs to the private health fund. With regard to the surgeon’s fee, the total rebate is $791.45 under
Medicare Benefits schedule item code 42702.%% Based on local practice, it was assumed that the private health funds

Table | Transition Probabilities Post-Cataract Surgery

Parameter DFTOI5 IOL | SN60WF IOL References
Proportion of patients with spectacle dependence (Within | year) 69.80% 92.50% Data on File?
Proportion of patients with very bothersome visual disturbances 3.80% 5.00% Bala et al”?*®

(glare/haloes/starbursts) (Within | year)

Resolution rate of very bothersome visual disturbances (glare/haloes/ | 81.00% 81.00% Q-Hu et al*®

starbursts) (After | year)

Abbreviation: IOL, intraocular lens.
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Table 2 Distribution of Patients Wearing Each Type of Spectacle Post-Cataract Surgery Among

Those Patients Requiring Spectacles®

Parameter DFTOIS IOL SN60WEF IOL Reference

Reading glasses 85.10% 71.60% Data on File?®
Distance glasses 2.72% 4.10% Data on File?
Bifocal glasses 2.72% 8.10% Data on File?
Varifocal glasses 9.46% 16.20% Data on File?

Note: *The reported values from the randomized clinical trial were normalized to equal 100%.

Abbreviation: |IOL, intraocular lens.

would only pay 25% of the scheduled fee (ie $197.86), and the rest is patient out-of-pocket. The cost of glasses was

sourced from a private health fund in Australia (CBHS Corporate Health Insurance).”’ The replacement frequency of

glasses was assumed to be one year based on clinical experience. The detailed cost inputs are summarized in Table 3.

(Dis-)Utilities

In the model, the “Well” health state represents perfect health (spectacle-independent patients not experiencing any visual

disturbance). Hence, the utility of patients in this health state was assumed to be 1. Disutility due to very bothersome

visual disturbances (glare/haloes/starbursts) (—0.18) and wearing glasses (—0.06) were sourced from Brown et al*® and

Dobrez and Calhoun,®' respectively. Patients were assumed to experience very bothersome visual disturbances (glares/

haloes/starbursts) for approximately 4 hours per day, mostly during the evening, which equates to approximately 2

months (60.90 days) in a year.

Table 3 Cost Inputs

DFTOIS5 IOL

Parameters Cost (AUS$) References/Notes

Cost of bilateral SN6OWF | AU$580.00 July 2021 Prosthesis List Part A (Billing code-AL021)'7
[o] B

Cost of bilateral AU$1,302.00 July 2021 Prosthesis List Part A (Billing code-AL050)'”

Cost of Cataract Surgery paid by private health fund

Surgeons’ Fee

AUS$197.86 25% fee of MBS Schedule fee for item code 42702282

Hospital Fee

AU$2,300.00 Clinician Input

Total Cost of Cataract
Surgery

AUS$2,497.86

Cost of glasses reimbursed

annually by private health fund

Reading glasses AU$160.00 CBHS Corporate Health Insurance (Annual cost reimbursed under Classic Extras program)®’
Distance glasses AU$160.00 CBHS Corporate Health Insurance (Annual cost reimbursed under Classic Extras program)?’
Bifocal glasses AU$150.00 CBHS Corporate Health Insurance (Annual cost reimbursed under Classic Extras program)?’
Varifocal glasses AU$190.00 CBHS Corporate Health Insurance (Annual cost reimbursed under Classic Extras program)?®

Note: *Public Health Fund only pays 25% of the scheduled fee, the rest is out of pocket.
Abbreviations: CBHS, Commonwealth Bank Health Society; IOL, intraocular lens; MBS, Medicare Benefits Schedule.

2406

Dove!

Clinical Ophthalmology 2022:16


https://www.dovepress.com
https://www.dovepress.com

Dove Bala et al

Base-Case Analysis

The primary analysis was conducted with a yearly cycle length and a lifetime horizon (30 years). The 30-year time horizon
was chosen to simulate patients’ remaining lifetime post-cataract surgery. The starting age of the patients in the economic
model was 70 years based on the median age of patients in the Vivity clinical trial. The economic model estimates the
conditional survival given that the patients were alive at 70 years. Based on the Australian Bureau of Statistics life tables,?’
the model predicts that approximately 40% and 16% of patients are alive at the age of 90 and 95, respectively. Therefore,
a 30-year time horizon was used to fully capture the improvement in quality of life of these patients.

A half cycle correction was used to account for any model transitions within a cycle length. The primary cost—
effectiveness outcomes included total costs, QALY's, economically justifiable price (EJP) and incremental cost—effec-
tiveness ratio (ICER). The EJP is defined as the maximum price until which the use of product may be considered cost-
effective at the pre-defined willingness-to-pay (WTP) threshold.*? ICER is a standard measure used in cost-effectiveness
analysis to assess the value of an intervention and allows policymakers to inform treatment choices for efficient use of
healthcare resources.*>** The ICER is calculated as a ratio of the difference in total costs to total QALY's for the two IOL
groups (DFTO015 and SN60WF). An intervention is considered to be cost-effective if the ICER is below the health
technology assessment (HTA) agency's recommended ICER threshold.

Sensitivity Analysis

Three types of sensitivity analyses were conducted to evaluate the impact of variation in model input parameters on the
base-case results. In a one-way sensitivity analysis (OWSA), each model input parameter was varied independently to
assess its impact on model results and to identify key parameters driving the model results. All parameters were varied
within published or estimated 95% confidence intervals (CIs). Mean, standard deviation, standard error, and/or the
number of observations were used to estimate 95% Cls for input parameters where 95% Cls were not reported. In
probabilistic sensitivity analysis (PSA), all model input parameters were assigned certain distributions based on the type
of parameters and were simultaneously varied in 1000 simulations. In each simulation, a value was drawn for each input
parameter by random sampling based on their respective distributions. Additionally, the following scenario analyses were
conducted: time horizon (5, 10, 15, 20, and 25 years), discount rates (0% and 3.50%), and patients’ age (50, 55, 60, and
65 years old).

Results

Base-Case Results

In the base-case analysis, total costs for DFT015 IOL and SN60WF IOL groups were AU$7528 and AU$7221,
respectively, over the lifetime horizon. Total accrued lifetime quality adjusted life years (QALY) were 10.845 and
10.684 for bilateral DFT015 IOL and SN60WF IOL treatment groups, respectively. Bilateral implantation of DFTO15
IOL provided an incremental QALY gain of 0.161 at an incremental cost of AU$307 compared to bilateral SN6OWF IOL
groups, resulting in an ICER per QALY gain of AU$1908. The economically justifiable price (EJP) for bilateral DFT015
TOL would be AU$8240 and AU$13,069 at typically used WTP threshold of AU$45,000 and AU$75,000, respectively.*
The disaggregated base-case results are presented in Table 4.

Sensitivity Analyses
In the one-way sensitivity analysis, it was found that the ICER was most sensitive to IOL costs, post-operative spectacle
dependence, and disutility due to wearing glasses (Figure 2).

Probabilistic sensitivity analysis (PSA) confirmed the robustness of the base-case results. From 1000 simulations, an
average ICER of AU$1822 was obtained, which was similar to base-case ICER of AU$1908. At a willingness-to-pay
(WTP) threshold of AU$15,000 per QALY gain and above, bilateral implantation of DFT015 IOL would be 100% cost-
effective compared to SN6OWF IOL (Figure 3).

Scenario analyses demonstrated that the ICER was most affected by change in time horizon to 5 and 10 years,
followed by discount rate at 0% and patients’ age at 50 years. Scenario analyses results are presented in Figure 4.
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Table 4 Disaggregated Base-Case Results®

Parameters DFTOI5 IOL | SN60WF IOL Incremental
Outcome
Costs
IOL costs AU$1302 AU$580 AU$722
Cost of Cataract surgery including IOL AU$4996 AU$4996 AUS$0
implantation
Glasses costs: Total AUS$1230 AUS$ 1645 -AU%$415
Reading glasses AU$1030 AUS$I 149 -AU$I 18
Distance glasses AU$33 AU$66 -AU$33
Bifocal glasses AUS$3I AUS$122 -AUS9 |
Varifocal glasses AU$136 AU$309 -AU$173
Total Lifetime Costs AU$7528 AU$7221 AU$307
QALYs
Well 3.741 1.302 2439
Glasses only 7.005 9.252 —2.248
Glare/Haloes/Starbursts 0.031 0.010 0.021
Glare/Haloes/Starbursts with glasses 0.068 0.119 —0.051
Total QALYs 10.845 10.684 0.161

Note: “All included cost parameters were for bilateral implantation.
Abbreviations: |OL, intraocular lens; QALYs, quality adjusted life years.

Discussion

The present study is a health economic evaluation of a novel non-diffractive EDoF IOL (AcrySof IQ Vivity). In the
analysis, the incremental cost—effectiveness ratio (ICER) per QALY gain was estimated to be AU$1908. The HTA
authorities in Australia, such as PBAC and MSAC, do not explicitly recommend a cost-effectiveness threshold, however,
it has been observed that ICERs in the range of AU$45,000-AU$75,000 are typically considered cost-effective.’
Therefore, bilateral implantation of DFT015 IOL is a highly cost-effective treatment strategy for presbyopic cataract
patients. At a willingness-to-pay (WTP) threshold of AU$45,000 and AU$75,000, the economically justifiable price
(EJP) of bilateral DFT015 IOL would be AU$8240 and AU$13,069, respectively, ie, DFT015 IOL could be within the
suggested cost-effectiveness thresholds even if its prosthesis list price increases by 6 to 10 times.

To the best of the authors’ knowledge, this is the first cost-effectiveness analysis of a novel non-diffractive EDoF IOL
(DFTO015 IOL) from an Australian health fund perspective. Furthermore, it is important to highlight that findings from
this study not only apply to the private health fund in Australia but also can be applicable to other countries with similar
healthcare systems. Several factors contribute to the overall strength of the analysis. The present analysis followed the
recommended guidelines and methodology proposed by MSAC, Australia.?! Markov model methodology was used in
this analysis, which is the most widely used medical decision analytic modelling methodology. The US Institute of
Clinical and Economic Review (ICER) and PBAC in Australia recommends using Markov models to capture the
changing health states over a long-time horizon.?’ Additionally, the key efficacy inputs such as rates of overall spectacle
dependence post-cataract surgery and very bothersome visual disturbances (glare/haloes/starbursts) were sourced from
the AcrySof 1Q Vivity EDoF IOL randomized clinical trial in which validated patient-reported questionnaires were used
to measure these outcomes.”> The robustness of the base-case results was further validated with sensitivity analyses.

2408 e Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Bala et al

ICER
-AU$1,000 AUSO AU$1,000 AU$2,000 AU$3,000 AU$4,000 AU$5,000 AU$6,000

T

Cost of bilateral DFT015 IOL
Overall spectacle dependence with DFT015 IOL SRR
Cost of bilateral SN6OWF I0L A
Overall spectacle dependence with SN60WF IOL |||H|||H|

Utility decrement: Wearing glass

Cost of Varifocal glasses

Parameters

Cost of Reading glasses

Cost of Bi-focal glasses

Time for glasses replacement (in years): Varifocal glasses

Time for glasses replacement (in years): Reading Glasses

u Lower Bound I Upper Bound

Figure 2 Tornado diagram summarizing the OWSA results.
Abbreviations: |OL, intraocular lens; ICER, incremental cost—effectiveness ratio; OWSA, one-way sensitivity analysis.
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Figure 3 Cost-effectiveness acceptability curve.
Abbreviation: IOL, intraocular lens.

The average results of probabilistic sensitivity analysis were found to be similar to the deterministic base-case results.
Other sensitivity analyses, such as one-way sensitivity analysis and scenario analysis in which various model settings
and/or inputs were varied, showed that even with shorter time horizons, greater discount rates, or older age at time of
surgery, DEFT015 IOL was a consistently cost-effective technology. It is important to note that some post-cataract health
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Figure 4 Scenario analysis results.
Abbreviation: ICER, incremental cost—effectiveness ratio.

outcomes (lens explantation, YAG capsulotomy to correct posterior capsular opacification) and resource utilization
(intraocular medications, optometrist visits) that are not covered under private health funds in Australia were excluded
from this analysis. They are typically covered by the Medicare Benefits Schedule (MBS) with patient co-pay.

This model-based analysis has some limitations. First, there is a lack of long-term clinical efficacy data, and the
present analysis was conducted for the patients’ remaining lifetime (30 years). This is not uncommon in health economic
evaluations as the clinical trials are often of relatively short duration compared to the overall life expectancy of patients.
Second, patient (dis-)utilities were not directly assessed in the study setting (Australia) or the trial population; however, it
is an acceptable practice to source evidence from independent publications. Finally, the cost of glasses was estimated
using publicly available coverage information from an Australian private health fund.?” The authors recognize this could
be an under/-overestimation as each health plan offers multiple options to patients. To account for the variance, the cost
of glasses by the type of vision correction (readers, progressives, distance, bifocal) was varied by +20% in one-way
sensitivity analysis, and it did not impact the model outcome.

For future studies, an economic analysis evaluating the cost-effectiveness of DFT015 IOL with other EDOF lens
options for the correction of presbyopia could be considered. Additionally, quantifying the impact these IOLs may have
on orthopedic hazards could be another interesting outcome to consider for future research.

Conclusion

In conclusion, this analysis demonstrates that AcrySof IQ Vivity EDoF IOL is a highly cost-effective treatment strategy
at the currently approved “Prostheses List” price in Australia and provides greater improvement in vision-related quality
of life outcomes for presbyopic cataract patients compared to standard monofocal IOLs.

Abbreviations
IOL, intraocular lens; EDoF, extended depth of focus; PBAC, Pharmaceutical Benefits Advisory Committee; MSAC,
Medical Services Advisory Committee; QALY, quality adjusted life years; PRO, patient reported outcomes; EJP, economic-
ally justifiable price; ICER, incremental cost—effectiveness ratio, OWSA, one-way sensitivity analysis; CI, confidence
intervals; PSA, probabilistic sensitivity analysis; WTP, willingness-to-pay; MBS, Medicare Benefits Schedule; HTA, health
technology assessment.
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