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ABSTRACT

Introduction: Neovascular age-related macular
degeneration (nAMD) is the world’s leading
cause of blindness in elderly people. While anti-
vascular endothelial growth factor (VEGF)
treatments are used as the first option for
patients with nAMD, they are generally expen-
sive and need repeated injections. This study
aimed to evaluate the cost-effectiveness of anti-
VEGF therapies, focusing on the newly laun-
ched ranibizumab biosimilar (RBZ BS) in
patients with nAMD from a Japanese societal
perspective.

Methods: A Markov model was developed to
simulate the lifetime transitions of a cohort of
treatment-naı̈ve patients with nAMD through
health states that were based on the involve-
ment of nAMD (single eye vs. both eyes), the
treatment status of the patients, and decimal
best-corrected visual acuity. The model com-
pared RBZ BS with branded RBZ, aflibercept
(AFL), and AFL as loading dose switched to RBZ
BS in maintenance in the treat-and-extend
(TAE) regimen (RBZ TAE, AFL TAE, and AFL to
RBZ BS TAE, respectively), and with branded
RBZ in the pro re nata (PRN) regimen, as well as
best supportive care (BSC). All processes were
validated by five clinical experts.
Results: When TAE regimens were compared,
RBZ BS was dominant (higher quality-adjusted
life-years (QALYs) and lower total cost) to AFLSupplementary Information The online version
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TAE and AFL to RBZ BS TAE. The result was
robust regardless of whether the clinical data
were taken from the direct head-to-head clinical
trial or from indirect treatment comparison.
RBZ BS TAE was cost-saving compared to RBZ
TAE. RBZ BS TAE was estimated to be dominant
to BSC owing to a lower societal cost. Like TAE
regimens, RBZ BS was cost-saving compared to
RBZ PRN and was dominant to BSC in PRN
regimens.
Conclusion: This study suggests that RBZ BS is
dominant to other anti-VEGF treatments in
patients with nAMD in both TAE and PRN reg-
imens and BSC from a Japanese societal
perspective.

Keywords: Cost-effectiveness; Costs and cost
analysis; Dosing regimens; Japan; Markov
model; Neovascular age-related macular
degeneration; Ranibizumab biosimilar; Societal
perspective

Key Summary Points

Why carry out this study?

Ranibizumab biosimilar (RBZ BS, Senju
Pharmaceutical Co., Ltd.) was the first BS
of an ophthalmic vascular endothelial
growth factor (VEGF) inhibitor RBZ in
Japan, which demonstrated comparable
quality, efficacy, and safety for the
treatment of neovascular age-related
macular degeneration (nAMD).

The cost-effectiveness of the various anti-
VEGF therapies is still unknown in Japan.

This study aimed to evaluate the cost-
effectiveness of anti-VEGF therapy with a
focus on RBZ BS in the treat-and-extend
(TAE) and pro re nata (PRN) regimens in
patients with nAMD from a Japanese
societal perspective.

What was learned from the study?

The model demonstrated RBZ BS TAE
being dominant to aflibercept (AFL) TAE
owing to slightly higher QALYs at a lower
total cost. RBZ BS TAE was cost-saving
compared to RBZ TAE. RBZ BS TAE was
estimated to be dominant to best
supportive care (BSC) owing to a lower
societal cost. Similar to TAE regimens, RBZ
BS was cost-saving compared to RBZ PRN
and was dominant to BSC in PRN
regimens.

This study suggests that RBZ BS is a
dominant alternative over other widely
used anti-VEGF treatments by both TAE
and PRN regimens in patients with nAMD
in Japan. In addition, when considering
the productivity loss of caregivers, RBZ BS
is dominant to BSC in both TAE and PRN
regimens.

INTRODUCTION

Age-related macular degeneration (AMD), a
leading cause of blindness in developed coun-
tries, is a progressive condition that leads to
severe visual impairment with increasing age
[1, 2]. A systematic literature review of studies
conducted before 2013 estimated that approxi-
mately 170 million individuals aged 45–85 years
were affected by AMD globally, with a preva-
lence of 8.7% [3]. The number of people with
AMD is projected to reach 288 million by the
year 2040 [3]. Japan has one of the most aged
populations in the world and hence the number
of patients with AMD is projected to grow as the
population continues to age [4].

In clinical practice, AMD is classified into
early and late stages, in which late-stage AMD
includes geographic atrophy (GA) or
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neovascular AMD (nAMD) subtypes [5]. GA is
characterized by atrophy of the central macula
and destruction of the retinal pigment epithe-
lium (RPE) and photoreceptors [5]. nAMD, a
more common condition than GA among
patients with late-stage AMD in Asian countries
[6], is characterized by the exudation of fluid
and blood from new blood vessels into the
macula (macular neovascularization, MNV),
causing subretinal scarring [5].

Common treatments available for nAMD are
anti-vascular endothelial growth factor (VEGF)
agents and photodynamic therapy (PDT) [7].
However, PDT is less commonly used since the
advent of anti-VEGF therapy, with the use of
PDT limited to a special subtype of nAMD,
polypoidal choroidal vasculopathy (PCV). As of
2020, the global anti-VEGF market for retinal
diseases has exceeded $7.0 billion and the
treatments are used as the first-choice treatment
type for patients with nAMD [8–10]. There are
two major anti-VEGF agents widely used for
nAMD in Japan: ranibizumab (Lucentis�;
Genentech, USA) and aflibercept (Eylea�;
Regeneron Pharmaceuticals, USA). Despite their
clinical benefits, these anti-VEGF agents are
expensive and repeated injections are needed to
maintain visual acuity. Therefore, the advent of
biosimilars was long awaited and they are
expected to improve the treatment of nAMD
from a health economic perspective.

A ranibizumab biosimilar by Senju Pharma-
ceutical Co., Ltd. (Ranibizumab BS; Senju
Pharmaceuticals, Japan) was approved in
September 2021 and entered the Japanese mar-
ketplace. This product is the first biosimilar of
an ophthalmic VEGF inhibitor in Japan. Owing
to its lower price compared to the original
ranibizumab, ranibizumab BS is expected to
reduce not only the economic burden on
patients with nAMD but also the burden on
society at large.

Although there are studies that have evalu-
ated the cost-effectiveness of anti-VEGF agents
in Japan and other countries [11–20], there is no
health economic analysis of a BS of intraocular
anti-VEGF agents. Moreover, previous cost-ef-
fectiveness analyses relied on limited data on
the treatment outcomes from fixed or pro re
nata (PRN) regimens. Although the PRN

regimen is still commonly used in Japan [21],
the proportion of anti-VEGF regimen adminis-
trations is changing, with the treat-and-extend
(TAE) dosing regimen being prescribed over
PRN regimens, and the corresponding accumu-
lating clinical evidence. Therefore, to account
for these changes, there is a need to update the
cost-effectiveness analysis of anti-VEGF treat-
ments for nAMD. In an effort to address this gap
in knowledge, this study assessed the cost-ef-
fectiveness of anti-VEGF therapy, focusing on
ranibizumab BS in TAE and PRN regimens in
patients with nAMD from a Japanese societal
perspective.

METHODS

Model Structure

Experts in retinal diseases (YY, KT, TI, FG, and
TS) had face-to-face and online meetings to
form the key parameters of the model structure.

A de novo Markov state-transition cohort
model was built in Microsoft Excel for Microsoft
365 (Redmond, WA, USA). The model was based
on a previous study [11] and used to simulate
the lifetime transitions of a cohort of treatment-
naı̈ve patients with nAMD through health
states based on the involvement of nAMD
(single-eye vs. both-eye involvement), the
treatment status of the patient (i.e., on or off
treatment), and decimal best-corrected visual
acuity (BCVA).

Primary Health States
The model consisted of three mutually exclu-
sive primary health states: single-eye involve-
ment, both-eye involvement, and death. For
single-eye involvement, the health state can be
changed from being on treatment to off treat-
ment, while for both-eye involvement, the
health state can be changed from being on
treatment in both eyes to off treatment (Fig. 1).
The overall structure of the treatment pathway
was similar to a previous study [11]. All patients
entering the model were assumed to have
required treatment for at least one eye affected
by nAMD (treated eye). Several patients who
had nAMD in the second (fellow) eye at the
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time of entry into the model were assumed to
have initiated bilateral treatment. The remain-
ing patients, whose fellow eye was unaffected
by nAMD, initiated unilateral treatment. Data
regarding the proportion of patients affected by
nAMD in both eyes at model entry were
obtained from previous literature on Japanese
patients [22]. Patients who initiated unilateral
treatment were assumed to be at risk of devel-
oping nAMD in the fellow eye and receive
treatment during the model time horizon based
on the annual risk of involvement of both eyes.
In those patients, treatment was initiated at the
time of fellow-eye involvement and therefore
later as compared with treatment initiation in
the first affected eye. Involvement of nAMD,
treatment status, and BCVA were updated every
3 months in a recurring fixed interval (model
cycle).

Sub-Health States
In line with a previous health economic mod-
elling study related to nAMD [12], Markov sub-
health states based on BCVA were incorporated
into the model. In the previous study [12], the
substates described the extent of visual impair-
ment and ranged from no visual impairment to
blindness and were defined as: (1) no visual
impairment (BCVA 0.8–1.0); (2) mild visual
impairment (BCVA 0.4–0.8); (3) moderate visual

impairment (BCVA 0.2–0.4); (4) severe visual
impairment (BCVA 0.05–0.2); and (5) blindness
(BCVA B 0.05) (Fig. 2).

Each eye was modelled independently of the
other. After the involvement of both eyes, the
fellow eye was assumed to receive the same
treatment as the first affected eye as soon as the
disease developed and experienced the same
benefits from treatment. Patients entered the
model with the distribution of respective BCVA
for treated and fellow eyes according to the
distributions estimated in a previous study [23].

Fig. 1 Overview of the model structure

Fig. 2 Schematic for sub-health states. BCVA best-
corrected visual acuity
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Health Transitions Within Sub-Health States
After entering the model, all patients were
assigned to any of the considered treatments in
this study and underwent three treatment
phases: induction, maintenance, and off treat-
ment. During each treatment phase, the health
state (a) remained at the current level of BCVA;
(b) improved one or two health states (defined
by 15 and 30 letters in the Early Treatment
Diabetic Retinopathy Study, ETDRS); or
(c) worsened one or two health states. The
assigned treatment could be discontinued in
any treatment phase, according to the prede-
fined discontinuation rates dependent on the
treatment phase. In the active treatment arms,
patients were assumed to be treated with anti-
VEGF for a maximum of 5 years. After treatment
discontinuation, the health state did not
improve, but rather remained stable or wors-
ened, as suggested by previous epidemiological
studies [24, 25]. The health state was also
assumed to remain unchanged when a patient
reached the blindness state. BCVA in the eye
unaffected by nAMD was assumed to remain
stable.

General Settings
The cycle length of the model was 3 months,
and a 20-year time horizon was considered to
cover the patients’ lifetime [26] based on the
mean age of the patient population (74 years
[27]) in Japan. The analysis was done from a
societal perspective in Japan. An increase in
mortality among patients with nAMD was not
considered. Background Japanese mortality was
used throughout the model, based on the
Japanese life table for 2021 [26]. Health out-
comes and costs were discounted at a rate of 2%
per year, based on local guidelines [28].

Treatments

Interventions and Comparators
The cost-effectiveness model compared long-
term healthcare costs and quality-adjusted life-
years (QALYs) of patients treated with RBZ BS
versus other active anti-VEGF treatments and
best supportive care (BSC). The cost-effective-
ness analysis was conducted separately for each

dosing regimen, i.e., TAE and PRN. In TAE reg-
imens, RBZ BS TAE was compared with RBZ (i.e.,
Lucentis�) TAE (RBZ TAE), aflibercept (i.e.,
Eylea�) TAE (AFL TAE), aflibercept as the load-
ing dose (i.e., induction phase) switched to RBZ
BS in the maintenance phase (AFL TAE to RBZ
BS), and BSC (regular follow-up with ophthal-
mological examinations only). In PRN regi-
mens, RBZ BS PRN was compared with RBZ PRN
and BSC. It is worth noting that RBZ BS was not
compared with AFL with PRN regimen since
AFL was commonly treated with TAE regimen in
Japan. In this study, different transition proba-
bilities between health states and treatment
frequencies were assigned to each dosing regi-
men. The efficacy parameters of RBZ BS were
assumed to be comparable with those of its
brand drug, Lucentis�.

Dosing Schedule
After entry, all patients were assigned to any of
the above treatments and administered three
initial monthly injections if they were assigned
to an active treatment (induction phase). After
the induction phase, the modelled patients
received treatments according to the dosing
regimens (TAE or PRN), which were defined for
each anti-VEGF agent regimen and the time
from the initial treatment (i.e., years 1, 2, and
3–5) (maintenance phase).

Model Inputs and Data Sources

Baseline Characteristics
Baseline characteristics of the cohort were based
on previous epidemiological studies on Japa-
nese patients with nAMD when available. The
percentage of patients with nAMD in both eyes
was 19% [22], and the initial cohort distribu-
tions by BCVA of the first and fellow eyes were
based on another randomized control study
[23].

Clinical Inputs
Transition probabilities and treatment frequen-
cies for each treatment and regimen were
inferred from previous clinical trials (Supple-
mentary Material Tables S1–S3). In TAE regi-
mens, a head-to-head comparison study (RIVAL
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study [29]) was used to compare the efficacy
between RBZ TAE and AFL TAE for 2 years from
entry, while equivalent efficacies regarding
BCVA and treatment frequencies were assumed
in years 3 and later [30]. According to opinion
from Ohji et al. [31], the robustness of the
model was estimated in a scenario analysis
using model inputs based on the indirect treat-
ment comparison, where the comparison of the
BCVA change and the treatment frequency for
2 years between RBZ TAE and AFL TAE was
estimated through network meta-analysis and
matching-adjusted indirect comparison. For
PRN regimens, transition probabilities and
treatment frequencies were obtained from the
Comparison of Age-related Macular Degenera-
tion Treatments Trials (CATT) study [32–34].

Annual incidence of fellow-eye involvement
was estimated by Ueta et al. [35] (Supplemen-
tary Material Table S4). Treatment discontinua-
tion was defined by annual discontinuation
rates for each treatment phase and treatment
arm (except for BSC). Annual discontinuation
rates were determined on the basis of expert
opinion (Supplementary Material Table S4). As a
result of a lack of clinical data, discontinuation
rates were assumed to depend only on the
treatment period since the initial anti-VEGF
treatment and remained the same among all
treatment arms.

Adverse events (AEs) considered in this study
were based on the serious AEs reported in the
RIVAL study [29]. The annual rates of AEs were
derived from clinical trials and expert opinion,
and the disutility related to each AE was based
on Brown et al. [15, 17] (Supplementary Mate-
rial Table S5). AEs were assumed to occur as one-
off events based on the incidence rates defined
for each treatment. The associated costs and
reductions in utility were considered for each
AE.

Utility Inputs
Health state utility values were independent of
the treatment arm and assigned to each health
state of the affected eye, i.e., a worse-seeing eye
for single-eye involvement and a better-seeing
eye for both-eye involvement. In this study,
utility data were inferred from a previous study
[12] (Supplementary Material Table S6). For

patients with single-eye involvement, the utility
at each severity was defined on the basis of a
range of 0.1. For patients with both-eye
involvement, the observed utility values fol-
lowed the better-seeing eye. The maximum
range of utilities between no visual impairment
and blindness for single-eye involvement fol-
lows the discussion in the National Institute for
Health and Care Excellence technology (NICE)
appraisal guidance for RBZ and pegaptanib for
the treatment of AMD [36].

Cost Inputs
The direct medical costs included drug admin-
istration (drug acquisition and intravitreal
injection), regular monitoring (follow-up visits,
regular laboratory tests), and AEs. Indirect costs
included productivity loss among informal
caregivers accompanying a patient to the
physician’s office or providing care during daily
life. All costs were reported in Japanese yen
(JPY) in 2022 and were obtained from the
Japanese medical service fee schedule, revised in
April 2022 [37]. Drug prices were retrieved from
the National Health Insurance drug price list
from April 2022 [38].

Drug administration cost was calculated for
each treatment phase (induction, maintenance
[years 1, 2, and 3–5], and off treatment) by
considering drug acquisition prices, the fre-
quency of administrations, and medical service
fees for intravitreal injection (Supplementary
Material Table S7).

The resource utilization for each AE was
calculated primarily as described in a previous
study [12] as well as from expert opinion. Costs
were calculated on the basis of the correspond-
ing medical service fees [37] (Supplemen-
tary Material Table S7).

Costs related to monitoring and manage-
ment of the disease were obtained from a pre-
vious Japanese study [12] (Supplementary
Material Table S8). Annual resource consump-
tion for each treatment arm was estimated on
the basis of the same study [12]. It is worth
noting that no additional monitoring costs
were assumed between the patients with single-
eye and both-eye involvement, although the
monitoring costs for the fellow eye were incur-
red if the patient discontinued the treatment in
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the first eye. Monitoring and management costs
assumed for RBZ BS were the same as for
Lucentis�.

In this study, two types of societal costs for
informal caring were considered: (a) societal
costs related to accompanying a patient to the
physician’s office, and (b) societal costs related
to daily care (Supplementary Material Table S9).
Both types of societal costs were derived on the
basis of expert opinion. The societal costs rela-
ted to accompanying a patient to the physi-
cian’s office were derived on the basis of
whether accompaniment was necessary or not
for each level of visual impairment. The corre-
sponding costs were estimated by the frequency
of physician visits, the average daily wage of
Japanese laborers, and average transportation
costs. The average daily wage of Japanese
laborers was JPY 15,218.2, based on the Basic
Survey on Wage Structure in 2021 by the Japa-
nese Ministry of Health, Labour and Wel-
fare (MHLW) [39]. The average transportation
cost was estimated at JPY 4547 (JPY 4714 after
being inflated to 2022 rates) [40]. Societal costs
regarding daily care were derived on the basis of
the productivity loss of caregivers supporting
the patient for daily care (i.e., work-loss days per
month). Annual societal costs were derived on
the basis of work-loss days and the average daily
wage (JPY 15,218.2).

Compliance with Ethics Guidelines
This study is based on data from previously
conducted studies and does not contain any
novel data from human participants. Therefore,
this study complies with ethical guidelines and
did not require an ethics review.

Analysis

The main analytic framework was a cost-effec-
tiveness analysis, estimating costs and health
outcomes of each intervention and comparator.
The expected cost per patient for each treat-
ment strategy was calculated by summing up
the costs associated with each health state,
multiplied by the probability of a patient being
in that health state for each point in time (i.e.,

each model cycle). A 3-month cycle length with
half cycle correction was applied.

The cost-effectiveness of each treatment was
determined by dividing the total average cost
per patient by the health benefits it brings,
resulting in a cost per QALY gained. The incre-
mental cost-effectiveness ratio (ICER) was
determined by calculating the differences in
costs and utilities between competing alterna-
tives (i.e., the cost of the extra benefit received
from the target intervention over the benefits
received from the comparators). A willingness-
to-pay threshold (WTP) of JPY 5,000,000 per
QALY gained was used for this cost-effectiveness
analysis [41].

Sensitivity analyses were conducted to
account for uncertainties around the model
parameters and determine the robustness of
model conclusions. One-way deterministic
sensitivity analysis (DSA) was performed on all
relevant model parameters except for the fixed
drug prices and model framework such as time
horizon and cycle length. Discount rates were
varied between 0 and 4% based on the Japanese
guidelines [28]. The deterministic sensitivity
analysis was conducted by increasing and
decreasing each model parameter by 20%. The
probabilistic sensitivity analysis (PSA) was con-
ducted through Monte Carlo simulation with
10,000 iterations and the distributions used are
presented in Supplementary Material Table S10.

RESULTS

Base-Case Analysis

When the RBZ BS TAE regimen was compared
with other TAE regimens and BSC, a patient on
RBZ BS TAE accumulated 8.081 QALYs com-
pared to 8.067, 8.072, and 7.772 QALYs on AFL
TAE, AFL to RBZ BS TAE, and BSC, respectively
(Table 1). The incremental difference in QALYs
was 0.015, 0.009, and 0.310 QALYs, with RBZ BS
TAE relative to AFL TAE, AFL to RBZ BS TAE, and
BSC, respectively. The total treatment costs over
a lifetime for RBZ BS TAE was JPY 23,991,569,
while the costs for RBZ TAE, AFL TAE, AFL to
RBZ BS TAE, and BSC were JPY 25,207,027,
JPY 26,066,752, JPY 24,283,390, and
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JPY 27,530,971, respectively (Table 1). RBZ BS
TAE was associated with a lower total cost of
JPY 1,215,458 relative to its brand drug, Lucen-
tis� (RBZ TAE). The difference in total cost for
RBZ BS TAE compared to other active com-
parators and BSC was JPY - 2,075,183,
JPY - 291,822, and JPY - 3,539,402 for AFL
TAE, AFL to RBZ BS TAE, and BSC, respectively
(Table 1). Therefore, treatment with RBZ BS TAE
(intervention) was dominant over other anti-
VEGF treatments as well as BSC by slightly
higher or equal incremental QALYs at a lower
total cost.

The reduced total cost in RBZ BS TAE mainly
resulted from a lower drug acquisition cost in
comparison with AFL TAE (JPY - 1,948,929)
and AFL to RBZ BS TAE (JPY - 111,691) regi-
mens. When RBZ BS TAE was compared with
BSC, although BSC did not incur drug and
administration costs, the higher societal costs
due to daily care for BSC resulted in a lower
total cost for RBZ BS TAE (Table 2).

Regarding the comparison among PRN regi-
mens, both RBZ BS PRN and RBZ PRN yielded
8.078 QALYs at a total cost of JPY 23,268,866
and JPY 24,085,662, respectively (Table 3). As a
result, RBZ BS PRN was associated with a lower
total cost of JPY 816,795 compared to its brand
drug, Lucentis� (RBZ PRN). RBZ BS PRN gained

0.306 more QALYs compared with BSC while it
incurred JPY 4,262,104 less total cost, resulting
in a dominant ICER (Table 3).

Scenario Analysis for Aflibercept TAE
Regimen

In the scenario analysis for RBZ BS TAE versus
AFL TAE, the robustness of the model was esti-
mated using clinical data from the indirect
treatment comparison in which the average
number of injections in the RBZ TAE group was
higher by 6.12 injections (in maintenance
phase) for 2 years compared to AFL TAE
according to Ohji et al. [31]. RBZ BS TAE was
dominant and was associated with lower total
costs compared with AFL TAE (JPY 683,286)
(Table 4).

The lower total cost in RBZ BS TAE was
mainly derived from a lower drug and admin-
istration cost (JPY - 639,084) compared to AFL
TAE (Table 5). Compared to the base case using
a head-to-head study [29], however, in a sce-
nario from a separate study [31], the differences
were smaller because of the lower treatment
frequencies for AFL TAE and a slightly smaller
difference in BCVA for 2 years between RBZ TAE
and AFL TAE.

Table 1 Base-case cost-effectiveness results (RBZ BS TAE vs. comparators)

Outcome Intervention Comparators

RBZ BS
TAE

RBZ TAE AFL TAE AFL to RBZ BS
TAE

BSC

Total QALYs 8.081 8.081 8.067 8.072 7.772

Total costs (JPY) 23,991,569 25,207,027 26,066,752 24,283,390 27,530,971

Difference in

QALYs

– 0.000 0.015 0.009 0.310

Difference in costs

(JPY)

– - 1,215,458 -

2,075,183

- 291,822 -

3,539,402

ICER (JPY/QALY) – Comparable effectiveness with

lower cost

Dominant Dominant Dominant

AFL aflibercept, BS biosimilar, BSC best supportive care, ICER incremental cost-effectiveness ratio, JPY Japanese yen,
QALYs quality-adjusted life-years, RBZ ranibizumab, TAE treat-and-extend
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Deterministic Sensitivity Analysis

A one-way DSA was performed, and the ten
most important drivers of the model were
plotted in a tornado diagram (Fig. 3a). The top
three influential parameters for RBZ BS TAE
versus AFL TAE were (1) treatment frequency of
AFL TAE in years 3–5 (higher to favorable for
RBZ BS TAE); (2) treatment frequency of RBZ BS
TAE in years 3–5 (lower to favorable for RBZ BS
TAE); and (3) treatment frequency of AFL TAE in
year 2 (higher to favorable for RBZ BS TAE).

In the analysis of RBZ BS TAE versus BSC, the
top three parameters with the greatest impact
on the model results were (1) utility of blindness
in single eye (lower to favorable for RBZ BS
TAE); (2) societal costs regarding daily care for a
patient with blindness (higher to favorable for
RBZ BS TAE); and (3) discount rates of costs and
outcomes (lower to favorable for RBZ BS TAE)
(Fig. 3b).

Probabilistic Sensitivity Analysis

A cost-effectiveness plane was generated to
show the result of PSA comparing RBZ BS TAE to
AFL TAE (Fig. 4). The results showed that 98.0%
of the iterations were estimated in the southeast
(SE) quadrant, implying that RBZ BS TAE was
highly likely to be dominant over AFL TAE with
the possible ranges of input parameters (± 20%
of point estimates). Moreover, only 0.05% of
iterations were estimated to be higher than the
WTP threshold of JPY 5,000,000 per QALY
gained (Fig. 4).

The PSA results of RBZ BS TAE versus AFL
TAE with the clinical data from an indirect
comparison by a different study scenario [31]
were also presented (Fig. 5). In this analysis,
84.1% of the iterations were recognized as
dominant, indicating that RBZ BS TAE was still
likely to be dominant over AFL TAE. The prob-
ability of exceeding the WTP threshold of

Table 2 Total and breakdown of average costs (base case): TAE regimens

RBZ BS TAE RBZ TAE AFL TAE AFL to RBZ BS TAE BSC

Costs by category (JPY)

Drugs and administration 3,012,571 4,228,029 4,961,499 3,124,261 0

Monitoring 107,460 107,460 107,252 106,990 59,334

Adverse events 2958 2958 16,420 2943 0

Societal cost—daily care 20,645,101 20,645,101 20,756,712 20,824,152 27,333,398

Societal cost—physician visit 223,479 223,479 224,868 225,044 138,238

Total 23,991,569 25,207,027 26,066,752 24,283,390 27,530,971

Difference in costs by category (JPY)

Drugs and administration – - 1,215,458 - 1,948,929 - 111,691 3,012,571

Monitoring – 0 207 470 48,126

Adverse events – 0 - 13,462 15 2958

Societal cost—daily care – 0 - 111,611 - 179,051 - 6,688,297

Societal cost—physician visit – 0 - 1389 - 1565 86,241

Total – - 1,215,458 - 2,075,183 - 291,822 - 3,539,402

AFL aflibercept, BS biosimilar, BSC best supportive care, JPY Japanese yen, PRN pro re nata, RBZ ranibizumab, TAE treat-
and-extend
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JPY 5,000,000 per QALY gained was estimated at
8.7% (Fig. 5).

DISCUSSION

To the best of our knowledge, this is the first
study comparing the cost-effectiveness of RBZ
BS with existing anti-VEGF agents among
treatment-naı̈ve patients with nAMD. Despite
several assumptions and uncertainties regarding
the long-term efficacy data, the present model

provides the most realistic representation of the
current Japanese clinical practice for nAMD; the
model closely follows the current nAMD disease
pathway for anti-VEGF agents in patients with
nAMD by incorporating the risk of fellow-eye
involvement and a combination of different
levels of visual impairment and health state
utilities in both eyes. Notably, the model allows
for the simulation of lifetime transitions of a
cohort of patients with nAMD through health
states based on involvement of nAMD (single
eye vs. both-eye involvement), patients’

Table 3 Base-case cost-effectiveness results (RBZ BS PRN vs. comparators) and breakdown of average costs (base case) for
PRN regimens

Intervention Comparators

RBZ BS PRN RBZ PRN BSC

Outcome

Total QALYs 8.078 8.078 7.772

Total costs (JPY) 23,268,866 24,085,662 27,530,971

Difference in QALYs – 0.000 0.306

Difference in costs (JPY) – - 816,795 - 4,262,104

ICER (JPY/QALY) – Comparable effectiveness with lower cost Dominant

Costs by category (JPY)

Drugs and administration 2,024,466 2,841,261 0

Monitoring 153,240 153,240 59,334

Adverse events 273 273 0

Societal cost—daily care 20,755,274 20,755,274 27,333,398

Societal cost—physician visit 335,614 335,614 138,238

Total 23,268,866 24,085,662 27,530,971

Difference in costs by category (JPY)

Drugs and administration – - 816,795 2,024,466

Monitoring – 0 93,906

Adverse events – 0 273

Societal cost—daily care – 0 - 6,578,124

Societal cost—physician visit – 0 197,376

Total – - 816,795 - 4,262,104

BS biosimilar, BSC best supportive care, ICER incremental cost-effectiveness ratio, JPY Japanese yen, PRN pro re nata, RBZ
ranibizumab
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treatment status (i.e., on or off treatment), and
severity of visual impairment defined by deci-
mal BCVA, as proposed in Hernandez et al. [11]
and Yanagi et al. [12].

Among TAE regimens, RBZ BS TAE was esti-
mated to be a dominant approach over AFL TAE
even when using a conservative estimate, i.e.,
an indirect treatment comparison used by Ohji
et al. [31]. This suggests that RBZ BS is highly
likely a cost-saving option compared to the AFL
TAE regimen with lower cost and comparable or
slightly better benefits. It is worth noting that
the magnitude of difference in 2-year treatment
frequencies (number of injections) between RBZ
(or RBZ BS) TAE and AFL TAE in the indirect
comparison study [31] was 5.9 times higher,
which appears to be larger than the estimated
outcome from real-world practice, as suggested
by retrospective observational studies con-
ducted in Japan and other foreign settings
[42–45]. This is particularly important since the
findings of our DSA suggested that the treat-
ment frequencies of RBZ and AFL are the key
drivers of ICERs. The PSA also validated the
results from the base-case cost-effectiveness
analysis and estimated RBZ BS to be a dominant
approach in 97.9% of iterations with the possi-
ble ranges of input parameters (± 20% of point
estimates).

Moreover, RBZ BS TAE was estimated to be
dominant to BSC considering the societal costs
depending on the severity of visual impairment.

Therefore, it can be inferred that visual impair-
ment in the elderly population can pose a huge
economic burden on society in terms of pro-
ductivity losses among caregivers. Although
utility data related to the visual acuity of the
worst-seeing eye in the single-eye involvement
is limited, the model in this study compensates
for this by assuming that the difference of util-
ities between no visual impairment and blind-
ness is 0.1, which is considered as conservative
according to the opinion of Appraisal Com-
mittee from NICE [36] (‘‘the difference in utility
difference was substantially smaller than that
between very good and very poor vision in the
better-seeing eye’’). It is notable that RBZ BS
PRN is also dominant to BSC for the same
reason.

Table 4 Cost-effectiveness results of scenario using data
from the indirect treatment comparison

Outcome Intervention Comparators
RBZ BS TAE AFL TAE

Total QALYs 8.081 8.071

Total costs (JPY) 23,991,569 24,674,855

Difference in QALYs – 0.010

Difference in costs (JPY) – - 683,286

ICER (JPY/QALY) – Dominant

AFL aflibercept, BS biosimilar, BSC best supportive care,
ICER incremental cost-effectiveness ratio, JPY Japanese
yen, QALYs quality-adjusted life-years, RBZ ranibizumab,
TAE treat-and-extend

Table 5 Total and breakdown of average costs per patient
(scenario using the indirect treatment comparison)

RBZ BS
TAE

AFL TAE

Costs by category (JPY)

Drugs and administration 3,012,571 3,651,654

Monitoring 107,460 107,370

Adverse events 2958 16,440

Societal cost—daily care 20,645,101 20,675,770

Societal cost—physician

visit

223,479 223,621

Total 23,991,569 24,674,855

Difference in costs by category (JPY)

Drugs and administration – - 639,084

Monitoring – 90

Adverse events – - 13,493

Societal cost—daily care – - 30,669

Societal cost—physician

visit

– - 142

Total – - 683,286

AFL aflibercept, BS biosimilar, BSC best supportive care,
JPY Japanese yen, RBZ ranibizumab, TAE treat-and-
extend

Ophthalmol Ther (2023) 12:2005–2021 2015



The inputs used in the model were derived
from patients treated in a randomized clinical
study setting [29], which may not always reflect
the real-world clinical setting in Japan. How-
ever, the baseline characteristics and outcomes
reported from patients in the clinical study that
provided the model inputs were similar to those

reported from patients in actual practice in
Japan and have been validated by Japanese
clinical experts. Moreover, the trial comparators
were largely aligned with the standard man-
agement practices of nAMD observed in real-
world clinical practice in Japan. For the reasons
above, the results from this study provide

Fig. 3 Tornado diagrams. a RBZ BS TAE versus AFL
TAE. b RBZ BS TAE versus BSC. AFL aflibercept, BS
biosimilar, BSC best supportive care, NMB net monetary

benefit, OWSA one-way sensitivity analysis, RBZ ranibi-
zumab, TAE treat-and-extend
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insights into the importance of the treatment of
nAMD and the cost-effective treatment option
for treatment-naı̈ve patients with nAMD after
the advent of ranibizumab BS.

The results of our study must be interpreted
with caution, considering a few limitations
pertaining to the modelling approach. First, the
transition probabilities and treatment

Fig. 4 Cost-effectiveness plane comparing incremental
cost and effectiveness for RBZ BS TAE with AFL TAE
(base case). AFL aflibercept, BS biosimilar, JPY Japanese

yen, PSA probabilistic sensitivity analysis, QALYs quality-
adjusted life-years, RBZ ranibizumab, TAE treat-and-
extend

Fig. 5 Cost-effectiveness plane comparing incremental
cost and effectiveness for RBZ BS TAE with AFL TAE
(scenario using the indirect treatment comparison). AFL

aflibercept, BS biosimilar, JPY Japanese yen, PSA proba-
bilistic sensitivity analysis, QALYs quality-adjusted life-
years, RBZ ranibizumab, TAE treat-and-extend
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frequencies after the third year were assumed to
be comparable between RBZ and AFL TAE. This
was due to the long-term changes in visual
acuity and treatment frequency for these regi-
mens, which were not well documented in the
literature. Second, the discontinuation rates for
all treatments and treatment regimens were
assumed to be the same because these values
were not available, especially in the Japanese
clinical setting. This might be a strong
assumption, as discontinuation rates could vary
according to patients’ economic status and
treatment types—as suggested by previous
studies in foreign settings [46–48]. Nevertheless,
this assumption is likely to yield a conservative
estimate for RBZ BS, since less costly BS should
result in a smaller financial burden on patients
compared to brand drugs. Third, since the util-
ity for the visual acuity of the worst-seeing eye
in the single-eye involvement was lacking, we
assumed a reduction of 0.1 utility value for
blindness compared to no visual impairment,
which is in line with the NICE HTA appraisal
[36] and was considered a conservative esti-
mate. Fourth, since the productivity loss of
caregivers with daily care related to the severity
of visual impairment was not available in
existing studies and relied on expert opinions,
the societal costs may be subject to their indi-
vidual clinical experiences. Fifth, although
bevacizumab is currently available in Japan for
certain cancers, the off-label use for nAMD is
prohibited by Japan and it therefore was not
considered for this study.

Despite the existence of several assumptions
and uncertainties, especially in long-term effi-
cacy data, the present model provides the most
realistic representation of the current Japanese
clinical practice for nAMD, which closely fol-
lows the current nAMD disease pathway for
anti-VEGF agents in patients with nAMD by
incorporating the risk of fellow-eye involve-
ment. The model also includes a combination
of different levels of visual impairment and
health state utilities in both eyes. Notably, the
model allows for the simulation of lifetime
transitions of a cohort of patients with nAMD
through health states, based on the involve-
ment of nAMD (single-eye vs. both-eye
involvement), patients’ treatment status (i.e.,

on or off treatment), and the severity of visual
impairment defined by decimal BCVA, as pre-
viously proposed in the cost-effectiveness anal-
yses [11, 12]. Additionally, our analysis focused
on the two most commonly used anti-VEGF
agents, RBZ and AFL. However, the other
recently approved anti-VEGF agents for nAMD
in Japan (brolucizumab (Beovu�) and faricimab
(Vabysmo�)) were not considered because of
the limited efficacy evidence. Future studies
using these agents as potential comparators
would be helpful in analyzing the cost-effec-
tiveness of RBZ BS.

CONCLUSION

Based on the currently available evidence, our
analyses show with a high degree of certainty
that RBZ BS can be the most cost-saving treat-
ment option compared with the existing anti-
VEGF agents by both TAE and PRN regimens in
patients with nAMD from a Japanese societal
perspective. Moreover, RBZ BS is dominant over
BSC in both TAE and PRN regimens, for which
there are significant productivity losses for the
caregivers. These findings provide valuable
insights into the treatment of nAMD and the
cost-effective treatment option in treatment-
naı̈ve patients with nAMD following the advent
of RBZ BS.
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