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Background: In Japan, intravitreal anti-vascular endothelial growth factor (anti-VEGF) dosing

regimens for wet age-related macular degeneration (wAMD) include pro re nata, every 2 months,

and treat-and-extend, resulting in different outcomes and patient burden.Although reflecting patient

preferences in treatment decision-making is desirable, few studies have examined this in Japan. This

study assessed the patients willingness to trade-off between different dosing regimens.

Patients and Methods: Patients with wAMD were recruited from four Japanese university

hospitals to complete a face-to-face cross-sectional survey. In a discrete choice experiment,

patients were asked to choose their preferred option from two anti-VEGF treatment profiles

shown side-by-side across a series of choice tasks. The profiles varied on four attributes:

number of injections in 12 months, number of physician consultations in 12 months, chance

of 1-year visual acuity (VA) improvement, and chance of 2-year VA maintenance. Preference

weights were estimated using hierarchical Bayes' models.

Results: Overall, 120 patients (30 treatment naïve and 90 anti-VEGF experienced) completed

the survey. Patients were willing to accept an increase from three to approximately eight

injections in 12 months to increase the chance of 1-year VA improvement from 25% to 40%.

They would be willing to accept 11 injections in 12 months if the chance of 2-year VA

maintenance increased from 80% to 96%. The most valued attributes were increasing the chance

of 2-year VAmaintenance and reducing the number of injections in 12 months, which were each

about twice as important as decreasing physician consultations in 12 months and increasing the

chance of 1-year VA improvement (p<0.001). Among the dosing regimens, patients most

preferred treat-and-extend because of its higher chance of 2-year VA maintenance.

Conclusion: Informing patients with wAMD about the likelihood of long-term VA main-

tenance when selecting treatment may increase the acceptance of an optimal treatment

regimen and number of injections.

Keywords: wet age-related macular degeneration, patient preference, anti-vascular

endothelial growth factor treatment, dosing regimen, treat-and-extend

Introduction
Age-related macular degeneration is a leading cause of blindness in adults in

developed countries.1 Wet age-related macular degeneration (wAMD) occurs

when abnormal blood vessel growth leaks fluid (or blood) into the macula distorting

central vision.2 Global meta-analyses have estimated the prevalence of wAMD to

be 0.46%;3 however, the prevalence in Japan has been estimated to be 0.67%.4
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The Japanese Ministry of Health, Labor, and Welfare

has recommended vascular endothelial growth factor inhi-

bitors (anti-VEGFs) for patients with wAMD.5 Anti-

VEGFs, such as pegaptanib, ranibizumab, and intravitreal

aflibercept (IVT-AFL),6 are the currently available licensed

treatments for wAMD in Japan, but they differ with respect

to their associated dosing regimens, which has substantial

implications for visual outcomes and healthcare resource

use. An early approach for anti-VEGF therapy for wAMD,

which was introduced in two pivotal Phase 3 clinical trials,

MARINA7 and ANCHOR,8 involved monthly intravitreal

injections of ranibizumab, resulting in substantial and sus-

tained increases in best-corrected visual acuity (BCVA)

between 7.2 and 11.3 letters.7,8 This treatment required, on

average, 13 injections administered annually,9 resulting in

substantial burden for physicians and patients.

Consequently, an individualized dosing regimen—pro

re nata (PRN)—was evaluated in the PrONTO study,10

Comparison of AMD Treatment trials,11 the IVAN trial,12

and the HARBOR trial.13 The PRN dosing regimen entails

monthly clinical examination using optical tomography,

and treatment is determined based on evidence of exuda-

tion. This approach subsequently reduced the injection

frequency with ranibizumab to an average of between 5

and 7.7 injections, with an average gain of 11.1 letters at

24 months and 8.2 to 8.6 letters at 12 months reported in

the PrONTO and HARBOR trials, respectively.10,14 Other

observational studies investigating the PRN dosing regi-

men have reported reduced effectiveness, relative to clin-

ical studies, with an average gain of 4.4 letters15 and

a concomitant decrease in the number of injections to 4.9

in the first 12 months.16

Because the PRN dosing regimen requires monthly visits,

there may be a heavy burden on institutional resources, as

well as on patients, who may not present for examination.17

These factors may result in under-treatment and preclude

vision improvement.18 To address these issues, researchers

investigated an alternative dosing regimen (every 2 months;

q8) that decreased injection and monitoring frequency to

three initial monthly doses of IVT-AFL, followed by subse-

quent doses every 2 months. This resulted in an average

BCVA gain of 7.9 letters after the first 12 months of

treatment.19 In addition to the good visual prognosis asso-

ciated with q8, this dosing regimen may potentially reduce

psychological burden on patients, as they know in advance

when they can anticipate receiving treatment. Nevertheless,

while the q8 dosing regimen entails a lower number of

injections, compared with monthly regimens, it may also

lead to patients receiving unnecessary treatment, as injec-

tions are administered based on a set time period, rather than

on evidence of exudative activity.

A more recently implemented dosing regimen, treat-

and-extend (T&E), individualizes wAMD treatment by

sequentially lengthening treatment intervals by 2 weeks

until there is evidence of choroidal neovascularization.6

The clinical outcomes of T&E, initially investigated with

ranibizumab due to its earlier availability, have been

reported to be comparable to or better than other dosing

regimens, with BCVA gains varying from an average of 8

to 11.6 letters in the first 12 months.20,21 Recent evidence

indicates that T&E therapy with IVT-AFL can also pro-

duce good outcomes over 2 years while reducing treatment

burden.22–24 Recent consensus guidelines recommend the

use of IVT-AFL with a T&E dosing regimen for wAMD

management in the Asia-Pacific region,25 but there is no

clear consensus on the most efficacious and cost-effective

anti-VEGF treatment regimen.

In Japan, the PRN dosing regimen became the standard

approach for anti-VEGF therapy in wAMD after the intro-

duction of ranibizumab in 2009,26 in contrast with the

general recommendations for the Asia-Pacific region, at

large. Alternative proactive treatment strategies (ie, q8 and

T&E) were not introduced until 2012 when IVT-AFL was

launched in Japan.27

A recent study by Iida et al26 showed that, despite evi-

dence of better clinical outcomes with proactive regimens,

Japanese ophthalmologists cite challenges in communicating

those benefits to their patients. Specifically, ophthalmologists

perceived that the high number of injections may impose

a treatment-related and economic burden on their elderly

patients, which hindered ophthalmologists’ effective com-

munication with them. This has important implications, as

shared decision-making can increase treatment satisfaction

and may result in better adherence and follow-up care, while

reducing the risk of discontinuation, thereby increasing the

likelihood of better clinical outcomes.28–31

Although some research has examined patient prefer-

ences for wAMD treatments, these studies have been con-

ducted in the West and have not included the T&E dosing

regimen.32–34 Moreover, no study has examined how

patients in Japan value differences in the characteristics

of wAMD treatment options. This study was designed to

inform physicians of patient preferences to facilitate

shared decision-making for anti-VEGF treatment.

Additionally, this study sought to understand and quantify

the trade-offs that patients with wAMD in Japan are
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willing to make between different dosing regimens of anti-

VEGFs, specifically, PRN, q8, and T&E.

Materials and Methods
Sample and Procedure
In this cross-sectional observational study, patients with

wAMD completed a paper-based survey in a face-to-face

interview, which lasted approximately 60 mins. Patient

preferences were assessed using a discrete choice experi-

ment (DCE), a stated preference methodology that enables

the assessment of patients’ willingness to accept trade-offs

among different features and outcomes, called attributes,

that are associated with wAMD treatment regimens. A DCE

was utilized, as it is the optimal preference elicitation tech-

nique for evaluating trade-offs among different treatment

attributes, as opposed to obtaining a simple ranking of each

attribute. As it requires respondents to state their preference

from among multiple hypothetical alternatives and not rank

or rate them, the DCE presents an uncomplicated task that

mirrors a respondent’s real-world choice.35 The study

design and procedures followed the practice guidelines for

conjoint analysis developed by the International Society of

Pharmacoeconomics and Outcomes Research.36

Participants were recruited by convenience sampling

via physician referrals from four hospitals throughout

Japan from November 2017 to June 2018. The inclusion

criteria were: (1) aged 50 years or older, (2) physician-

confirmed wAMD diagnosis (treated/untreated with anti-

VEGF agents), (3) able to read and understand Japanese

and complete the survey, and (4) BCVA of the better-

seeing eye more than a decimal notation of 0.5 (approxi-

mately 20/40 at Snellen equivalent), as determined by the

referring physician (to ensure the patient had at least

a minimal level of visual acuity to be able to complete

the questionnaire). Patients were excluded if they were

currently participating in a clinical trial, ever experienced

a vitrectomy, discontinued an anti-VEGF agent due to an

adverse effect (patients with possible disease reoccurrence

that could be treated with an anti-VEGF agent were not

excluded), had BCVA in the better-seeing eye less than

a decimal notation of 0.5, were unable to participate in the

interview due to physical or psychological reasons, or

were otherwise deemed ineligible by the referring

physician.

The study adhered to the Declaration of Helsinki and

Ethical Guidelines for Medical and Health Research

Involving Human Subjects.37 Prior to data collection, the

study protocol was reviewed and approved by the

Institutional Review Board at each participating site:

Kansai Medical University, Ehime University, Kyushu

University, and Nihon University. Written informed con-

sent was obtained from all participants.

Study Survey
The survey was pre-tested via cognitive interviews to

ensure patient comprehension of survey content, as well

as to pilot the study procedures. These 60-min face-to-face

interviews were conducted at Ehime University hospital

(Sitsukawa Toon, Ehime, Japan) with nine patients with

wAMD to help refine the definitions, instructions, and

injection plan schema and to confirm that patients were

able to understand the treatment choice questions. For the

quantitative study, patients’ responses and clinical data

were recorded and entered into an electronic database.

The survey was comprised of three parts: (1) explanations

of PRN, q8, and T&E dosing regimens, (2) DCE exercise,

and (3) patient demographic questions. An interviewer

read aloud a standardized injection plan script to patients

using a schema that explained and helped patients under-

stand the PRN, q8, and T&E dosing regimens and their

characteristics. The injection plan script and schema, as

well as the patient questionnaire for the quantitative study,

are shown in Appendix 1 and Appendix 2, respectively.

The DCE exercise included eight preference-elicitation

questions that asked patients to choose between two hypothe-

tical treatment profiles, “Injection A” and “Injection B” that

varied with respect to the attributes shown. Each hypothetical

treatment profile was defined by four key attributes of dosing

regimens and visual acuity outcomes, each of which were

identified through a literature search of randomized con-

trolled trials, guidelines, systematic literature reviews, and

meta-analyses. The four attributes included: number of injec-

tions required in the first 12 months of treatment, number of

physician consultations in the first 12 months of treatment,

chance of visual acuity markedly improving after 12 months

of treatment (defined as the percentage of patients who

gained ≥15 letters after 12 months of treatment), and chance

of visual acuity maintenance after 2 years of treatment

(defined as the percentage of patients who avoided a loss of

≥15 letters after 24 months of treatment), which appeared

with a description of its corresponding dosing regimen (ie,

PRN, q8, and T&E). The attributes and levels included in the

study are shown in Table 1. Figure 1 shows an example DCE

choice task; to enable easier comprehension, the profiles in

each choice task showed the description of the dosing
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regimen on top, and the chance of visual acuity maintenance

after 2 years of treatment on the bottom.

The literature review, which informed the development

of the attributes and levels shown in Table 1, was con-

ducted from January to June of 2016. In particular, the

attributes and levels for the T&E dosing regimen in the

current study reflect the clinical data that were available at

the time the literature review was conducted.38,39

Demographic characteristics self-reported by patients

included age, gender, education, marital status, income,

employment status, and region. Clinical characteristics

data, which were collected from patients’ medical records,

included disease duration, number of eyes with wAMD,

BCVA at enrollment in the better- and worse-seeing eye,

BCVA at 12 months ago in the better- and worse-seeing

eye, change in BCVA from 12 months ago to enrollment in

the better- and worse-seeing eye, anti-VEGF treatment

status (ie, whether the patient was treatment naïve or

experienced), current anti-VEGF dosing regimen (anti-

VEGF experienced patients only), and duration of anti-

Table 1 Attributes and Levels Included in the DCE Exercise

Attributes Level 1 Level 2 Level 3 Level 4

Dosing regimen You receive 1 injection per month in

the first 3 months. Then you receive

physician consultations and injections

while adjusting intervals depending on

your eye condition.

You receive 1 injection per month in

the first 3 months. Then, you receive

physician consultation every month and

if it turns out that your eye disease

worsens, you receive an injection on

the same day or on a different day.

You receive 1 injection per month in

the first 3 months. Then you

normally receive physician

consultations and injections

together once every 2 months

Number of injections

required in the first 12

months of treatmenta

3 6 8 11

Number of physician

consultations in the first

12 months of treatmentb

7 9 12 17

Chance of visual acuity

markedly improving after

12 months of treatmentc

25 out of 100 people (25%) 30 out of 100 people (30%) 35 out of 100 people (35%) 40 out of

100 people

(40%)

Chance of visual acuity

maintenance after 2 years

of treatmentd

80 out of 100 people (80%) 93 out of 100 people (93%) 96 out of 100 people (96%)

Notes: In each choice task, when 80%, 93%, or 96%, was shown for “Chance of visual acuity maintenance after 2 years of treatment”, a description of PRN, q8, and T&E

regimen, respectively, was also shown.
aInjection level details (and corresponding sources) are as follows:

Level 1: mean number of injections in the first year: 3.8 injections53

Level 2: 7.0 injections were the mean number of injections in the first year of every 2-month dosing54

Level 3: 7.6 to 10.1 mean number of injections in the first 12 months9,38,39

Level 4: 7.6 to 10.1 mean number of injections in the first 12 months9,38,39

bPhysician consultation level details are as follows:

Level 1: 7.3 visits were the mean number of visits in the first year of every 2-month dosing54

Level 2: “50% less than PRN”55

Level 3: mean number of all outpatient visits in the first year: 16.1 visits53

cVisual acuity improvement level details are as follows:

Level 1: 24.9% to 30.2% of patients reporting ≥15 letters gained after the first 12 months14,56

Level 2: 30.6% of patients gaining ≥15 letters after the first 12 months19

Level 3: 30.9% to 40.3% of patients increased ≥15 letters after the first 12 months7,14,19,53,57

Level 4: 30.9% to 40.3% of patients increased ≥15 letters after the first 12 months7,14,19,53,57

dVisual acuity maintenance level details are as follows:

Level 1: 79.6% with ≤15 letter loss15

Level 2: There are no published studies reporting visual acuity after 2 years for patients on a q8 regimen. A published study of wAMD patients on a monthly regimen of

ranibizumab reported 93.3% with <15 letters loss11

Level 3: 95% with <15 letter loss at 24 months,58 or 95.9% with <3 BCVA lines loss at 24 months39

Abbreviations: BCVA, best-corrected visual acuity; DCE, discrete choice experiment; PRN, pro re nata; q8, once every 2 months; T&E, treat-and-extend; wAMD, wet age-

related macular degeneration.
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VEGF treatment (anti-VEGF experienced patients only);

patients self-reported on their round-trip travel time to the

hospital. Comorbidity data assessed from medical records

included non-ocular comorbidities (used to calculate

comorbidity burden via Charlson Comorbidity Index

[CCI] scores40,41 and ocular comorbidities.

Experimental Design
A full profile, fractional, factorial, balanced, incomplete

block design was used to identify the different combina-

tions of attributes and levels to be shown in each DCE

task. The design was selected to maximize the observed

combinations for analysis and the orthogonality of the

levels (ie, the ability to isolate the effect of a particular

level), as well as choosing the fewest choice tasks possible

per patient to decrease fatigue. Level combinations that

could not appear in practice (ie, violations) were excluded

a priori. The choice tasks were blocked into four sets so

that any two-way attribute and level combination would

not be repeated. A design with 24 choice tasks in 4 blocks

was chosen based on these criteria. Two additional fixed-

choice tasks were added into all the blocks. These fixed-

choice tasks showed a hypothetical profile with the most

desirable treatment features versus one with the least

desirable treatment features to determine the patient’s cap-

ability to recognize the profile with dominant (ie, the most

desirable) characteristics.

The design of 24-choice tasks in 4 blocks achieved

a D-efficiency of 99.1 out of 100. D-efficiency is

a measure of balance and orthogonality, and a value of

100 means that the design is perfectly balanced and ortho-

gonal and will minimize the errors in a model of prefer-

ence weights. Potential designs were evaluated using

Warren Kuhfeld’s macro %MktRuns. Kuhfeld’s macro %

MktEx was further used to analyze the potential designs

and determine a final design for use in the current study.42

Statistical Analysis
Descriptive statistics were computed for all study variables

and included means and standard deviations (SDs) for

continuous variables, as well as frequencies and percen-

tages for categorical variables. Preference weights (also

called utilities) are coefficients derived from a hierarchical

Bayesian (HB) regression model. To estimate preference

weights for each attribute level, a HB model was fitted to

the choice data.43 The underlying choice-probability

model in HB was conditional logit and used effects coding

for the attribute levels. Preference weights measure rela-

tive preference, which means that only changes between

attribute-level estimates and the relative size of those

changes across attributes have meaningful interpretations.

Specifically, differences between these weights across

levels of an attribute (eg, reducing the number of injec-

tions in 12 months from 8 to 3) represent the strength of

preference for the respective change. The magnitude of the

changes from one level to another level within an attribute,

compared with the changes from one level to another level

within another attribute, enable us to assess trade-offs that

respondents are willing to make when choosing

a treatment. For example, if the difference in preference

Figure 1 Example choice task.
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weights between two levels of an efficacy attribute is equal

to 2 points, and the difference between two levels of an

attribute for number of physician consultations is equal to

2 points, then one can conclude that respondents are will-

ing to accept an increase in the number of physician

consultations specified by the two levels of the “number

of physician consultations in the first 12 months of treat-

ment” attribute for an increase in efficacy specified by the

two levels of the “chance of visual acuity markedly

improving after 12 months of treatment” attribute.

Relative preference weights for each attribute level are

reported using point estimates of model coefficients, stan-

dard errors (SEs), and 95% confidence intervals (CIs)

comparing the level to the mean level of each attribute.

The conditional relative importance was calculated for

each attribute at the respondent level by dividing the

range of each attribute (ie, the preference weights of the

best level minus the preference weights of the worst level)

by the sum of the ranges of all attributes and then multi-

plying by 100 to convert to a percentage. The prediction of

treatment choice was computed by summing the prefer-

ence weights matching to each attribute level for the best

and worst treatment profiles for each dosing regimen. The

best and worst treatment profiles reflected the most favor-

able levels and least favorable levels, respectively, across

all attributes for each dosing regimen. The preference

weights were summed at the individual level, resulting in

a mean summed preference weight and 95% CI. The

summed weights indicate patients’ relative preference for

each profile assessed.

Patients who failed to choose the characteristically domi-

nant profile in one or both fixed tasks were flagged, and their

effect on the final preference weights was evaluated. Subgroup

comparisons of relative preference weights were performed

using one-way analysis of variance (ANOVA) tests or inde-

pendent-samples t-tests, depending upon the number of levels

of the subgroup variable. The subgroups compared included

age (50 to <70 years or ≥70 years), gender (male or female),

income level (<¥2,500,000 [<$23,500], ¥2,500,000 [$23,500]

to ¥4,999,999 [<$47,000], or ≥¥5,000,000 [≥$47,000]),
BCVA at enrollment in the better- and worse-seeing eye

(categories adapted with slight modification from Brown et -

al;44 Group 1 [>20/20, >1.0 in decimal unit], Group 2 [20/20-

20/25, 0.8–1.0 in decimal unit], Group 3

[20/30-20/40, 0.5–0.7 in decimal unit], Group 4 [20/50-20/

100, 0.2–0.4 in decimal unit], and Group 5 [≤20/200, ≤0.1 in

decimal unit]), anti-VEGF treatment status (anti-VEGF

experienced or anti-VEGF naïve), current anti-VEGF dosing

regimen (PRN, fixed dosing, T&E, or modified T&E

[mT&E]), region (as determined by location of the hospital

site; rural: Ehime University; urban: Kansai Medical

University, Kyushu University, and Nihon University), and

round-trip travel time to the hospital (<60 mins, ≥60 to <120

mins, or ≥120 mins). Due to the exploratory nature of the

study, formal statistical tests were not planned. All p-values

are nominal and not adjusted for multiplicity.

Analyses were conducted using Sawtooth’s Software

Lighthouse Studio, 2018 and SPSS version 23.0.

Results
A total of 122 patients were recruited to participate in this

study; two patients withdrew, resulting in an effective

sample size of 120 patients. The average age of the

patients was 75.9 (SD=8.0) years, 59.2% were male, and

30.0% had at least some college education. Most were

married or living with a partner (77.5%) and currently

not employed (87.5%); a majority reported an income of

<¥5,000,000 (<$47,000) per year (65.8%). The most com-

monly reported comorbidity was cataracts (70.8%); mean

CCI score was 0.07 (SD=0.42), indicating a low overall

comorbidity burden (Table 2).

At enrollment, 55.8% had a BCVA of >20/20 (>1.0

in decimal unit) for the better-seeing eye, wheras, for

worse-seeing eye, this was the case for only 8.3% of the

patients. Mean BCVA at enrollment for the better- and

worse-seeing eyes were 1.10 (SD=0.26) and 0.61

(SD=0.37) in decimal unit, respectively. The mean

change in BCVA from 12 months ago to enrollment

was 0.05 (SD=0.26) in decimal unit for the better-seeing

eye and -0.02 (SD=0.23) in the decimal unit for the

worse-seeing eye. The majority of patients (90.8%)

had unilateral wAMD, with an average disease duration

of 39.3 (SD=48.2) months. The majority of patients

(75.0%) were anti-VEGF experienced, with a mean anti-

VEGF treatment duration of 35.6 (SD=28.6) months;

PRN was the most commonly received dosing regimen

(72.4%; Table 3).

Attribute Preferences
Overall, patients most preferred three (compared with 6, 8,

or 11) injections required in the first 12 months of treat-

ment, nine (compared with 7, 11, or 12) physician con-

sultations in the first 12 months of treatment, 40%

(compared with 25%, 30%, or 35%) chance of visual

acuity markedly improving after 12 months of treatment,

and 96% (compared with 80% or 93%) chance of visual
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Table 2 Demographic and Clinical Characteristics

Characteristics Total (n=120)

Age (Mean [SD]) 75.90 (8.00)

Age (n [%])

50 to <70 years 27 (22.50)

70 to <100 years 93 (77.50)

Gender (n [%])

Male 71 (59.17)

Female 49 (40.83)

Education (n [%])

Elementary school 4 (3.33)

Junior high school 16 (13.33)

High school 51 (42.50)

Professional/vocational school 13 (10.83)

Some college/graduate school 36 (30.00)

Marital Status (n [%])

Married/living with partner 93 (77.50)

Divorced/separated/widowed/single 27 (25.50)

Region (n [%])

Rural 28 (23.33)

Urban 92 (76.67)

Employment Status (n [%])a

Employed full-time 10 (8.33)

Self-employed 9 (7.50)

Employed part-time 10 (8.33)

Homemaker 23 (19.17)

Retired 33 (27.50)

Long-term disability 2 (1.67)

Not employed and not looking for work 47 (39.17)

Income (n [%])b

<¥2,500,000 (<$23,500) 31 (25.83)

¥2,500,000 ($23,500) to ¥4,999,999 (<$47,000) 48 (40.00)

¥5,000,000 ($47,000) to ¥7,499,999 (<$70,500) 8 (6.67)

≥¥7,500,000 (≥$70,500) 10 (8.33)

Decline to answer 8 (6.67)

I do not know 15 (12.50)

Round-Trip Time to Hospital (n [%])

<120 mins 57 (47.50)

≥120 mins 63 (52.50)

Ocular Comorbidities (n [%])a

Ocular hypertension/glaucoma 5 (4.17)

Cataracts 85 (70.83)

Other ocular comorbidity 4 (3.33)

None of the above (n [%]) 32 (26.67)

CCI Score (Mean [SD]) 0.07 (0.42)

Notes: The rural region includes Ehime University, while the urban region includes

Kansai Medical University, Kyushu University, and Nihon University. aTotals sum to

>100% because participants could select more than one response. bExchange rate

of 0.0094 US dollars = 1 Japanese yen (March 2018).

Abbreviations: CCI, Charlson Comorbidity Index; SD, standard deviation.

Table 3 Clinical and Treatment Characteristics

Characteristics Total (n=120)

Eyes with wAMD (n [%])

Unilateral 109 (90.83)

Bilateral 11 (9.17)

Months disease duration (mean [SD]) 39.30 (48.18)

Anti-VEGF Status

Anti-VEGF naïve 30 (25.00)

Anti-VEGF experienced 90 (75.00)

Anti-VEGF treatment duration (months, mean [SD]) 35.64 (28.59)

Anti-VEGF dosing regimen (n[%])a

PRN 63 (70.00)

Fixed dosingb 8 (8.89)

T&E 14 (15.56)

mT&E 4 (4.45)

Treatment plan undecided 3 (3.33)

BCVA at enrollment in better-seeing eye (mean [SD]) 1.10 (0.26)

BCVA at enrollment in better-seeing eye (n [%])c

Group 1: >20/20 (>1.0 in decimal unit) 67 (55.83)

Group 2: 20//20-20/25 (0.8–1.0 in decimal unit) 44 (36.67)

Group 3: 20/30-20/40 (0.5–0.7 in decimal unit) 9 (7.50)

Group 4: 20/50-20/100 (0.2–0.4 in decimal unit) 0 (0.00)

Group 5: ≤20/200 (≤0.1 in decimal unit) 0 (0.00)

BCVA at 12 months ago in better-seeing eye (mean [SD]) 1.08 (0.23)

BCVA at 12 months Ago in better-seeing Eye (n [%])c

Group 1: >20/20 (>1.0 in decimal unit) 34 (54.84)

Group 2: 20//20-20/25 (0.8–1.0 in decimal unit) 24 (38.71)

Group 3: 20/30-20/40 (0.5–0.7 in decimal unit) 3 (4.84)

Group 4: 20/50-20/100 (0.2–0.4 in decimal unit) 1 (1.61)

Group 5: ≤20/200 (≤0.1 in decimal unit) 0 (0.00)

Change in BCVA in better-seeing eye (mean [SD]) 0.05 (0.26)

BCVA at enrollment in worse-seeing eye (mean [SD]) 0.61 (0.37)

BCVA at enrollment in worse-seeing Eye (n [%])c

Group 1: >20/20 (>1.0 in decimal unit) 10 (8.33)

Group 2: 20//20-20/25 (0.8–1.0 in decimal unit) 40 (33.33)

Group 3: 20/30-20/40 (0.5–0.7 in decimal unit) 26 (21.67)

Group 4: 20/50-20/100 (0.2–0.4 in decimal unit) 27 (22.50)

Group 5: ≤20/200 (≤0.1 in decimal unit) 17 (14.17)

BCVA at 12 months ago in worse-seeing eye (mean [SD]) 0.57 (0.36)

BCVA at 12 months ago in worse-seeing eye (n [%])c

Group 1: >20/20 (>1.0 in decimal unit) 3 (4.92)

Group 2: 20//20-20/25 (0.8–1.0 in decimal unit) 18 (29.51)

Group 3: 20/30-20/40 (0.5–0.7 in decimal unit) 15 (24.59)

Group 4: 20/50-20/100 (0.2–0.4 in decimal unit) 16 (26.23)

Group 5: ≤20/200 (≤0.1 in decimal unit) 9 (14.75)

Change in BCVA in worse-seeing eye (mean [SD]) −0.02 (0.23)

Notes: BCVA is provided in decimal unit. aPercentages sum to >100% because two

patients were double-counted (different regimens in each eye). bFixed dosing

includes patients using any fixed dosing regimen (q6, q8, etc.). cCategories are

based on those provided by Brown et al,44 but slightly modified to include

a category for BCVA >1.00 in decimal unit.

Abbreviations: Anti-VEGF, anti-vascular endothelial growth factor; BCVA, best-

corrected visual acuity; mT&E, modified treat-and-extend; PRN, pro re nata; SD,

standard deviation; T&E, treat-and-extend; wAMD, wet age-related macular

degeneration.
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acuity maintenance after 2 years of treatment (Figure 2).

A trade-off is defined as the compromise made by patients

between selecting the expected beneficial visual outcome

and patient inconvenience. For example, patients were

willing to accept: a) an increase in the number of injec-

tions required in the first 12 months of treatment from 3 to

approximately 11 (difference in preference weights: 2.58 –

[−2.63] = 5.21) in exchange for increasing the percentage

chance of visual acuity maintenance after 2 years of treat-

ment from 80% to 96% (difference in preference weights:

3.03 – [−2.10] = 5.13), and b) an increase from 9 to 12

physician consultations in the first 12 months of treatment

(difference in preference weights: 1.54 – [−0.63] = 2.17) in

exchange for increasing the percentage chance of visual

acuity markedly improving after 12 months of treatment

from 25% to 40%.

With respect to relative attribute importance, patients

valued increasing the chance of visual acuity maintenance

after 2 years of treatment (34%; 95% CI: 32%-36%), fol-

lowed by reducing the number of injections required in the

first 12 months of treatment (31%; 95% CI: 29%-33%).

These changes were almost twice as important as decreasing

the number of physician consultations in the first 12 months

of treatment (19%; 95% CI: 18%-20%) and increasing the

chance of visual acuity markedly improving after 12 months

of treatment (16%; 95% CI: 15%-17%) (p<0.001; Figure 3).

The best profile for each treatment regimen involved

the fewest number of injections required in the first

Figure 2 Attribute-level preference weights: overall sample.

Notes: The error bars represent the 95% confidence intervals. Preference weights are not interpreted by themselves. Instead, the magnitude of change within one attribute

is compared to change within another attribute.

Abbreviation: VA, visual acuity.

Figure 3 Relative importance of treatment attributes: overall sample.

Notes: The error bars represent 95% confidence intervals.
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12 months of treatment and physician consultations in the

first 12 months of treatment, coupled with greater chances

of visual acuity markedly improving after 12 months of

treatment and visual acuity maintenance after 2 years of

treatment. In contrast, the worst profiles for each treatment

profile had the highest number of injections required in the

first 12 months of treatment and physician consultations in

the first 12 months of treatment, with lower chances of

visual acuity markedly improving after 12 months of treat-

ment and visual acuity maintenance after 2 years of treat-

ment. The summed preference weights matching to

selected treatment profiles showed that patients have the

strongest preference for the best T&E profile; they least

preferred the worst PRN profile. The best PRN profile was

preferred more than the worst T&E profile, which was, in

turn, preferred over the worst PRN profile (both, p<0.001).

A trend was observed in which the worst q8 profile was

preferred over the worst PRN and worst T&E profiles

(Table 4 and Figure 4).

Subgroup Analyses
Table 5 reports the subgroup analyses in which the overall

trends were similar to those observed for the total sample;

nevertheless, results suggested there were differences in

preferences among certain subgroups of patients. Females

more strongly preferred the best T&E profile than males

(12.5 vs 11.8), and males more strongly preferred the best

PRN profile, compared with females (7.3 vs 6.4; both

p<0.05). Both anti-VEGF naïve and anti-VEGF experi-

enced patients had the strongest preference for the best

T&E profile. However, compared with anti-VEGF naïve

patients, anti-VEGF experienced patients more strongly

preferred the best q8 profile (8.0 vs 7.2) and less strongly

preferred the worst T&E profile (2.4 vs 3.2; both, p<0.05).

Rural patients more strongly preferred the best q8 profile

than urban patients (8.7 vs 7.5; p<0.05).

A linear association was not observed between income

and preferences. Preferences for the different treatment

profiles were generally similar by income category.

Preferences for the different treatment profiles were simi-

lar across groups based on BCVA at enrollment in the

better- or the worse-seeing eye, age group, current anti-

VEGF dosing regimen, or round-trip travel time to the

hospital.

Discussion
The present study assessed patient preferences for attri-

butes associated with PRN, q8, and T&E dosing regimens

Table 4 Preferences for Selected Treatment Profiles: Overall Sample

Attribute Levels T&E Profile q8 Profile PRN Profile

Best Profile Worst Profile Best Profile Worst Profile Best Profile Worst Profile

Number of injections required in the

first 12 months of treatment

3 2.58

6 0.09 0.09

8 −0.03 −0.03

11 −2.63

Number of physician consultations in

the first 12 months of treatment

7 0.50 0.50

9 1.54

12 −0.63 −0.63

17 −1.41

Chance of visual acuity markedly

improving after 12 months of

treatment

0.40 1.38

0.35 0.01 0.01

0.30 −0.46

0.25 −0.94 −0.94

Chance of visual acuity maintenance

after two years of treatment

0.96 3.03 3.03

0.93 −0.93 −0.93

0.80 −2.10 −2.10

Summed Preference Weights 5.00 ± 0.15 −1.18 ± 0.19* 0.72 ±0.17*† −0.91 ± 0.12* −0.15 ± 0.20*† −4.48 ± 0.20*†

(95% CI) (4.71, 5.29) (−1.56, −0.80) (0.37, 1.06) (−1.15, −0.67) (−0.55, 0.26) (−4.88, −4.08)

Notes: The worst T&E, q8, and PRN profiles were similarly preferred. *p<0.001 vs best T&E profile. †p<0.001 vs worst T&E profile.

Abbreviations: CI, confidence interval; PRN, pro re nata; q8, once every 2 months; T&E, treat-and-extend.
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of anti-VEGF treatments for wAMD in Japan and found

that patients are willing to make trade-offs among them.

They are willing to accept increases in the number of

intraocular injections required in the first 12 months of

treatment, as well as increases in the number of physician

consults in the first 12 months of treatment, in exchange

for better visual acuity outcomes. In particular, they most

valued increases in the chance of visual acuity mainte-

nance after 2 years of treatment. These findings are con-

sistent with a previous German study in wAMD, wherein

the patients were willing to trade-off a heavier treatment

burden, which included an additional 12.7 hrs spent for

physician visits, to achieve stable visual acuity and avoid

worse visual acuity,33 as well as other previous findings in

which patients reported a clear preference for having good

visual acuity over any other factor.34,45 Collectively, such

findings are important, as good visual outcomes can

potentially be maintained as long as the patient is willing

to adhere to a regimen over a longer period of time.

The findings of this study suggest that Japanese patients

with wAMDvalue longer-term over shorter-term visual acuity

outcomes. Specifically, patients valued visual acuity mainte-

nance after 2 years of treatment more than the chance of visual

acuity markedly improving after 12 months of treatment and

were willing to accept a higher number of injections required

in the first 12 months of treatment for a greater chance of

visual acuity maintenance after 2 years of treatment. Even

though patients valued the high chance of visual acuity main-

tenance after 2 years of treatment, relative to the high number

of injections required in the first 12 months of treatment, this

does not necessarily mean that patients would need to receive

a high number of injections in clinical practice. Yet, the

optimal number of injections patients should receive may

diverge fromwhat they really arewilling to accept in exchange

Figure 4 Preferences for selected treatment profiles: overall sample.

Notes: The worst T&E, q8, and PRN profiles were similarly preferred. *p<0.001 vs best T&E profile. †p<0.001 vs worst T&E profile.

Abbreviations: PRN, Pro re nata; q8, once every 2 months; T&E, treat-and-extend.

Table 5 Preferences for Selected Treatment Profiles: Subgroup Analyses

Treatment Profiles Gender Anti–VEGF Status Region

Male (n=71) Female (n=49) Naïve (n=30) Experienced

(n=90)

Rural (n=28) Urban (n=92)

T&E

Profile

Best Profile (95% CI) 11.80 (11.40, 12.20) 12.46* (12.08, 12.84) 12.18 (11.67, 12.70) 12.03 (11.68, 12.38) 12.42 (11.84, 13.00) 11.96 (11.63, 12.29)

Worst Profile (95% CI) 5.61 (5.08, 6.13) 6.31 (5.77, 6.85) 6.61 (5.95, 7.27) 5.65* (5.20, 6.11) 5.33 (4.47, 6.20) 6.07 (5.64, 6.49)

q8

Profile

Best Profile (95% CI) 7.85 (7.39, 8.30) 7.70 (7.16, 8.24) 7.18 (6.43, 7.93) 7.99* (7.61, 8.37) 8.65 (8.04, 9.26) 7.52* (7.13, 7.92)

Worst Profile (95% CI) 6.03 (5.72, 6.34) 6.35 (5.97, 6.72) 6.02 (5.50, 6.54) 6.21 (5.93, 6.47) 6.57 (6.18, 6.97) 6.04 (5.75, 6.32)

PRN

Profile

Best Profile (95% CI) 7.32 (6.75, 7.89) 6.35* (5.83, 6.86) 6.81 (6.04, 7.58) 6.96 (6.49, 7.44) 6.60 (5.71, 7.49) 7.02 (6.57, 7.48)

Worst Profile (95% CI) 2.54 (1.99, 3.09) 2.67 (2.08, 3.26) 3.19 (2.30, 4.09) 2.39 (1.95, 2.84) 1.46 (0.94, 1.97) 2.94* (2.46, 3.42)

Notes: The rural region includes Ehime University, while the urban region includes Kansai Medical University, Kyushu University, and Nihon University. *p<0.05 for

subgroup comparisons of summed preference weights.

Abbreviations: Anti–VEGF, anti–vascular endothelial growth factor; CI, confidence interval; PRN, pro re nata; q8, once every 2 months; T&E, treat-and-extend.
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for better visual acuity outcomes. Furthermore, the finding that

patients are willing to accept a heavier treatment burden,

which includes more injections at shorter intervals, as a trade-

off for maintaining visual acuity in the longer-term, suggests

that patients may fear disease recurrence more than intraocular

injections.32

While T&E hasmore balanced profiles with respect to the

chances of visual acuity markedly improving after 12months

of treatment and visual acuity maintenance after 2 years of

treatment, as well as the number of injections required in the

first 12 months of treatment, patients generally preferred

T&E because of its association with the highest chance of

visual acuity maintenance after 2 years of treatment.

However, PRN or q8 profiles with fewer injections required

in the first 12 months of treatment and a greater chance of

visual acuity markedly improving after 12 months of treat-

ment were preferred by patients, relative to the worst T&E

profile (ie, 11 injections required in the first 12 months of

treatment, 12 physician consultations in the first 12months of

treatment, 25% chance of visual acuity markedly improving

after 12 months of treatment, and 96% chance of visual

acuity maintenance after 2 years of treatment). This finding

demonstrates that the negative perceptions of the high num-

ber of injections required in the first 12 months of treatment

and lower chance of visual acuity markedly improving after

12 months of treatment, taken together, overshadowed

patients’ positive perceptions of the high chance for visual

acuity maintenance after 2 years of treatment. In a recent

meta-analysis, T&E using ranibizumab was shown to be

superior to PRN and as effective as monthly dosing in

improving visual acuity outcomes,46 with a weighted fre-

quency of 8.6 injections in 1 year.47 The worst T&E profile,

which is associated with a high number of injections required

in the first 12 months of treatment, is similar to a monthly

dosing regimen. The worst T&E profile in this study was

based on the available data at the time of the study, which

included the Trex-AMD and LUCAS trials.9,38,48 The T&E

data using IVT-AFL now available (eg, ALTAIR trial) sug-

gest that approximately 7 injections are needed in the

first year49 and 3.6 injections in the second year50 to achieve

comparable (or even superior) visual acuity outcomes.

Preferences for the worst T&E profile may have been differ-

ent fromwhat was observed in the current study if this profile

had been associated with a less extreme number of injections

required in the first 12 months of treatment, such as the

number reported in the ALTAIR trial.

Gender differences observed in the current study, in

which females more strongly preferred the best T&E

regimen than males, and males more strongly preferred the

best PRN regimen than females, may be due to variations in

perceptions regarding investment, relative to expected out-

comes. However, this hypothesis needs to be confirmed

through further research.While, overall, the best T&E profile

was most preferred by patients, subtle differences by anti-

VEGF status were observed, in which anti-VEGF experi-

enced (vs anti-VEGF naïve) patients more strongly preferred

the best q8 profile and less strongly preferred the worst T&E

profile. It is thus possible that anti-VEGF experienced

patients may have an increased sensitivity or higher expecta-

tions than anti-VEGF naïve patients regarding treatment

performance or outcomes, relative to the investment involved

with anti-VEGF treatment. We hypothesized that income

may influence patient preferences differentially depending

upon age. Specifically, in Japan, copayments generally differ

by age, with a higher out-of-pocket cost threshold for those

up to 70 years (vs >70 years) old. However, a linear pattern of

results was not observed for income groups. Rural patients in

the current study more strongly preferred the best q8 profile

than urban patients. As the rural region results were driven by

a single site, firm conclusions cannot be drawn.

Overall, the findings suggest that, to improve patients’

acceptance of the optimal treatment regimen and number of

injections for their wAMD, physicians should place greater

emphasis in describing the impact on visual acuity outcomes,

particularly the ability of a given treatment regimen to main-

tain longer-term visual acuity. Physicians should likewise be

mindful of potential differences in preference, depending

upon patient characteristics, and should adjust their commu-

nication with the patient, accordingly. To ensure patients are

fully informed about their options, it would be ideal for

physicians to first present the different treatment regimen

alternatives and clearly explain the benefits and shortcomings

of each, followed by a discussion of the costs entailed. An

important aspect of healthcare policy in ophthalmology is

shared decision-making,51 yet, as prior research shows, phy-

sicians may perceive difficulties in discussing dosing regi-

mens with their patients,26 and they may also have little time

to do so during the patients' visit. Thus, other health-care

providers involved in the patient’s treatment for wAMD,

such as nurses, can utilize standardized scripts to facilitate

this communication with patients on the behalf of physicians.

Limitations
Due to sample selection during recruitment, respondents who

were healthy enough to participate and were interested in

research may have been over-represented, hence the
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possibility of selection bias. However, efforts were made to

increase the representativeness of the sample (eg, collecting

data at multiple sites, etc.). A further limitation is that only

25% of our study sample was anti-VEGF treatment-naïve;

therefore, we cannot exclude the possibility that patients’

preferences may have been biased by their prior experiences

with anti-VEGF treatment. Additionally, while the results

suggest a specific pattern of preferences among patients in

the aggregate study sample, motivation and adherence may

potentially differ among individual patients, which may lead

to different outcomes; this possibility will need to be

addressed in a future research study. The overall patient

sample was adequate for estimating fairly precise preference

weights. However, subgroup sample sizes were relatively

small, and subgroup comparisons may have been underpow-

ered to detect statistically significant differences as a result.

The data collected in the DCEwere based on responses to

hypothetical anti-VEGF dosing regimen profiles. The

choices presented in the DCE were intended to simulate

possible treatment decisions, but do not have the same clin-

ical, financial, or emotional consequences of actual deci-

sions. The attributes and levels selected were designed to

closely map onto the available clinical data, such as the

LUCAS and TREX-AMD trials,49,50,52 at the time the

study was conducted. As such, we were unable to consider

more recent clinical evidence, such as data on the T&E

dosing regimen from the ALTAIR trial, when developing

the attributes and levels included in the DCE. Of note,

while costs are relevant to treatment decisions, they are

typically not included in a DCE. Specifically, costs are

often a dominant factor in preferences, and they can greatly

overshadow the effects of other attributes in the DCE, which

may yield unstable estimates. Hence, the decision was made

to exclude costs from the DCE in the current study.

Conclusions
In summary, the T&E dosing regimen was generally most

preferred by patients due to its association with a greater

chance of visual acuity maintenance after 2 years of treat-

ment. The chance for longer-term visual acuity mainte-

nance should be emphasized by physicians in discussions

with patients about treatment, which may help to improve

patient acceptance of and adherence to the optimal number

of injections. Findings suggest that preferences may differ

depending upon certain patient characteristics. Hence,

physicians should take these factors into account when

communicating with their patients about anti-VEGF treat-

ment for wAMD.
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