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Background: Age-related macular degeneration (AMD) is the leading cause of visual 

impairment and blindness in industrialized countries. Currently, mainly three treatment options 

are available, which are all intravitreal injections, but differ with regard to the frequency of 

injections needed, their approval status, and cost. This study aims to estimate patients’ prefer-

ences for characteristics of treatment options for neovascular AMD.

Methods: An interviewer-assisted discrete choice experiment was conducted among patients 

suffering from AMD treated with intravitreal injections. A Bayesian efficient design was used 

for the development of 12 choice tasks. In each task patients indicated their preference for one 

out of two treatment scenarios described by the attributes: side effects, approval status, effect 

on visual function, injection and monitoring frequency. While answering the choice tasks, 

patients were asked to think aloud and explain the reasons for choosing or rejecting specific 

characteristics. Quantitative data were analyzed with a mixed multinomial logit model.

Results: Eighty-six patients completed the questionnaire. Patients significantly preferred treat-

ments that improve visual function, are approved, are administered in a pro re nata regimen 

(as needed), and are accompanied by bimonthly monitoring. Patients significantly disliked less 

frequent monitoring visits (every 4 months) and explained this was due to fear of deterioration 

being left unnoticed, and in turn experiencing disease deterioration. Significant preference 

heterogeneity was found for all levels except for bimonthly monitoring visits and severe, rare 

eye-related side effects. Patients gave clear explanations of their individual preferences during 

the interviews.

Conclusion: Significant preference trends were discernible for the overall sample, despite the 

preference heterogeneity for most treatment characteristics. Patients like to be monitored and 

treated regularly, but not too frequently or infrequently. The results of our qualitative research 

facilitated the interpretation of the quantitative data collected in this study.

Keywords: discrete choice experiment, patient preferences, qualitative research, age related 

macular degeneration, intravitreal injection

Introduction
Age-related macular degeneration (AMD) is the leading cause of visual impairment 

and blindness in industrialized countries. Approximately 8.7% of people worldwide 

are affected by the disease. After the age of 75, prevalence increases rapidly up to 

35%.1 While the neovascular form of AMD accounts for only 10% to 15% of all AMD 

cases, it accounts for around 90% of respective legal blindness. AMD is characterized 
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by choroidal neovascularization, meaning that leaky blood 

vessels grow into the retina. The progression of disease and 

loss of central vision can develop within only several months 

if the disease is left untreated. Therefore, early initiation of 

treatment is essential.2,3 Currently, the drugs ranibizumab 

(Lucentis; Novartis International AG, Basel, Switzerland) 

and aflibercept (Eylea; Bayer AG, Leverkusen, Germany) are 

approved for the treatment of AMD in Germany. Addition-

ally, the drug bevacizumab (Avastin; Hoffman-La Roche 

Ltd., Basel, Switzerland) is not approved for AMD treatment, 

but is widely used, especially in the ambulatory care setting.4 

Its use is even expected to increase due to recent changes 

in regulations favoring its reimbursement. Drug costs in 

Germany vary between ,50 Euro (,55 US dollars) per 

injection for bevacizumab and about 800–1,000 Euro (about 

870–1,100 US dollars) for ranibizumab and aflibercept. 

All drugs are administered as intravitreal injections target-

ing VEGF, but differ regarding monitoring and injection 

schemes. While ranibizumab requires monthly monitoring 

and injections in case of recurrent disease activity (pro re 

nata [PRN]), aflibercept is the first drug that is administered 

bimonthly with bimonthly monitoring visits.5,6 As approval 

studies are missing for bevacizumab or were underpowered 

to detect differences in side effect frequencies for the other 

two drugs, the comparative safety of treatments continues 

to be an issue for research and discussion.7

Since early initiation of treatment and adherence impacts 

the AMD treatments’ effectiveness, patients need to be well 

informed about the treatment alternatives to enable truly 

informed decision making and acceptance of the selected 

therapy. Addressing all patient relevant treatment char-

acteristics, including process, as well as outcome-related 

characteristics is necessary. Understanding patient prefer-

ences can support physicians to structure and prioritize the 

information they provide to their patients before making 

treatment decisions. Two studies by Droege et al inves-

tigated patient preferences for specific characteristics of 

AMD treatments.8,9 However, these studies only focused on 

preferences for monthly versus PRN injection schemes, and 

the acceptance of monthly monitoring. Owing to the intro-

duction of aflibercept in 2012, preferences for less frequent 

injection and monitoring schemes should be considered as 

well. Moreover, additional treatment attributes might be 

relevant to patients. Therefore, the objective of the present 

study was to identify patient relevant treatment attributes 

and to quantify patients’ preferences by means of a discrete 

choice experiment (DCE). Also, the study highlights specific 

methodological challenges for conducting a DCE in an 

elderly and visually impaired population.

Methods
The conduct of this study was based on the steps described 

by the Conjoint Analysis Task Forces of the Interna-

tional Society for Pharmacoeconomics and Outcomes 

Research.10,11

Identification and selection of attributes 
and levels
Seven potentially patient relevant treatment attributes were 

identified by a review of clinical trials, approval documents, 

summaries of product characteristics, and two ophthalmolo-

gist consultations. These included “side effects”, “effect on 

visual function”, “approval status”, “injection frequency”, 

“monitoring frequency”, “costs for the patient”, and “costs 

to statutory health insurance”. As seven attributes were 

considered too many to create cognitively appropriate choice 

tasks for the specific patient population, finding the balance 

between comprehensive descriptions of treatments without 

overwhelming participants was necessary. Five focus group 

interviews including 21 patients were performed to select 

and frame the most patient relevant attributes.12–14 For each 

attribute patients were first asked to mention their spontane-

ous associations with it. Subsequently, participants received 

a detailed explanation on the respective attribute and again 

were asked to comment on the relevance of each attribute 

with regard to their personal treatment decisions. The initial 

open discussion enabled the researchers to identify the word-

ing used by patients, the second phase provided insights into 

the ranges of levels, which patients considered relevant for 

each attribute. Each focus group interview was rounded off 

with a ranking exercise during which participants sorted the 

seven attributes from most to least important. As patients 

had difficulties in ranking seven attributes, they were asked 

to sort out the two least important ones and only give a 

specific order to the remaining five. This ranking exercise 

suggested that five attributes were still manageable for par-

ticipants. Based on the ranking exercise and the qualitative 

evaluation of attribute importance the following attributes 

and their respective levels were selected for inclusion in 

the DCE study: “side effects”, “effect on visual function”, 

“approval status”, “injection frequency”, and “monitoring 

frequency” (Table 1). Further details of the focus group 

study are published.14

Development of choice tasks
To minimize cognitive demands of the experiment for our 

visually impaired patient population, participants had to 

choose between only two treatment options in each choice 

task. In the present study, two attributes with two levels, two 
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attributes with three levels, and one attribute with four levels 

resulted in:

 22 * 32 * 41=144  (1)

treatment descriptions. Using all pairs of these 144 treatment 

descriptions in the experiment would imply more than 20,000 

possible choice tasks for patients. To select only a subset of 

all possible choice tasks, a Bayesian efficient design was 

developed with the help of Ngene 1.1.1 (www.choice-metrics.

com). The design maximizes the precision of parameter esti-

mation for a selected number of choice sets by maximizing the 

D-efficiency – a summary measure of the variance-covariance 

matrix of the estimated parameters.15 Information on patients’ 

preference structures based on the insights from preceding 

focus group interviews were used to develop a Bayesian 

efficient design. Prior assumptions were preferences for 

approved drugs, for fewer injections and for improvement 

of visual functioning compared to stabilization. To reflect 

currently available treatment schedules, the level “injection 

on demand, following monthly monitoring” only appeared 

in combination with the level “monthly monitoring” (recom-

mended schedule for ranibizumab). An opt-out option was 

not offered to patients since untreated neovascular AMD may 

ultimately (and often rapidly) lead to vision loss. Therefore, 

“no treatment” did not seem to be a realistic choice, especially 

for patients already undergoing treatment. Also, a standard 

care option was not offered since the standard care for AMD 

is intravitreal injections. Each participant received 12 choice 

tasks, which seemed a reasonable compromise between 

trying to minimize the cognitive and time-related demands 

for patients, and to ensure generation of a sufficient number 

of observations for data analyses. Additionally, a duplicate 

of one choice set was added at the end of the choice tasks to 

test for consistency in patients’ judgments. The generic labels 

“treatment A” and “treatment B” were used to prevent par-

ticipants from purely basing their choice on treatment names, 

especially since the focus group interviews had revealed 

patients’ preference for familiar treatments. The order of 

attributes differed between questionnaires to prevent bias in 

preference estimates due to ordering effects. An example of 

a choice task is displayed in Figure 1.

instrument design
Next to selecting patient relevant attributes, focus group 

interviews were conducted to get familiar with the elderly 

and visually impaired patient population. Specifically, the 

questionnaire design and data collection strategy had to be 

tailored to the specific needs of the target population. These 

included, eg, using a clear and simple questionnaire layout 

with large font sizes.14 The questionnaire consisted of three 

parts. First, participants received a general introduction to 

the study and questions on socio-demographic and disease-

specific data. Second, a description of the choice situation 

was provided, followed by the explanation of attributes and 

levels. These descriptions were whenever possible aligned 

with the expressions patients used during the focus group 

interviews. The final part consisted of the choice tasks. The 

questionnaire was finalized by asking patients to rate the DCE 

task difficulty on a five-point scale from easy to difficult. 

Initial pilot tests with two patients revealed that patients were 

not prepared to make treatment decisions on their own. To 

get patients in the mind-set of choosing based on their own 

preferences, the choice task was explained to patients using 

a real-life example of having to choose between two dishes. 

This “real-life example” made people feel more at ease with 

the task they had to perform and encouraged them to think 

about their personal preference, instead of repeating what 

Table 1 Attributes and levels included in the discrete choice 
experiment

Attributes Levels

effect on visual function stabilization
improvement

side effects Mild–moderate, frequent, eye-related
severe, rare, eye-related
Very severe, very rare, systemic

Monitoring frequency Monthly
every 2 months
every 4 months

Approval status Approved for AMD
not approved for AMD

injection frequency scheduled, monthly
scheduled, every 2 months
scheduled, every 4 months
On demand, following monthly monitoring*

Note: *Description used for the medical concept pro re nata.
Abbreviation: AMD, age-related macular degeneration.

Question 3 Treatment A Treatment B

Monitoring frequency every 4 months Monthly

effect on visual 
function

improvement improvement

injection frequency regularly, every 
4 months

regularly, every 
month

Approval status not approved Approved

side effects severe, rare,  
eye-related

Mild–moderate, 
frequent, eye-related

(Asked verbally: 
Which treatment do 
you prefer?)

Figure 1 example of a choice task.
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others, especially their treating physician, would have said. 

After including this example, two additional pilot tests did 

not reveal any further problems in understanding the task or 

the attribute and level descriptions. The questionnaire was 

administered in German and is available upon request (see 

Supplementary material for the translated English version).

Data collection and participants
Data were collected by means of an interviewer-assisted 

paper–pencil questionnaire. During the pilot tests and ten 

interviews using the finalized questionnaire, the two inter-

viewers observed and evaluated each other in order to ensure 

adherence to a standardized interviewing procedure. While 

answering the questionnaire, patients were encouraged to 

“think-aloud” and state their considerations during decision 

making. Interviewers read out the questionnaire to some 

patients and provided practical support if needed (eg, turning 

pages), especially to patients whose visual functioning or fine 

motor skills were insufficient. For patients unable to read who 

had to memorize treatment combinations and complete choice 

sets, researchers had to repeatedly read choice tasks out loud. 

The minimum sample size for analyzing main effects was 

estimated to be 84, based on Orme’s rule-of-thumb:

 

nta
c

 500,
 

(2)

where n= number of participants, t= number of choice tasks, 

a= number of alternatives per choice task, and c= maximum 

number of levels within an attribute.16 Data collection took 

place between April 2014 and March 2015 at the Centre of 

Ophthalmology at Cologne University Hospital. Consecutive 

patients were recruited at the Centre for Ophthalmology. 

Patients with a diagnosis of neovascular AMD established 

through optical coherence tomography, a minimum best cor-

rected visual acuity letter score of 5%, treatment experience 

of at least one intravitreal injection, sufficient command of 

the German language, good overall health, and those insured 

by the statutory health insurance (SHI) were included in the 

study. Patients were excluded if they were also diagnosed 

with diabetes, diabetic macular edema or retinal vein occlu-

sion. Study nurses invited patients via telephone to participate 

in the study. Appointments for completing the questionnaire 

were scheduled preceding patients’ injection appointments. 

Interviewers took field notes to keep track of patients’ remarks 

from the think-aloud task. Ethical approval for this study was 

granted by the institutional review board of the University 

Hospital Cologne. Written informed consent was not required 

as the questionnaire was completely anonymous.

Data analyses
The analysis of the DCE is based on the framework of 

random utility theory. The utility a patient derives from a 

treatment is assumed to consist of a systematic component 

based on the levels that describe a treatment and a random 

component, which cannot be observed. Preferences for each 

attribute level were modeled with a mixed multinomial 

logit model (MMNL), which models the utility (V) of a 

treatment as:

V
ij
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=
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(3)

with β
1
 to β

9
 representing the coefficients for each attribute 

level and η
1
 to η

9
 representing the corresponding individual 

preference-variation. The residual error is denoted by ε 

and captures the unmeasured error in choices including, 

eg, psychological or behavioral determinants of choice. The 

resulting coefficients represent the mean part-worth utility 

of treatment characteristics as judged by the respondents. 

All variables were effects coded for the analysis. The coef-

ficients for the omitted levels were calculated as described by 

Bech and Gyrd-Hansen.17 Positive coefficients of parameters 

indicate the relative preference for the respective level in 

comparison to the mean of all levels within the attribute. 

The corresponding confidence intervals were obtained by 

calculating the variance of a sum of correlated variables,18 

and the corresponding P-values were calculated as proposed 

by Altman and Bland.19 The panel nature of data, which 

results from the dependency between each participant’s 

choices, was taken into account. The MMNL is not based 

on the assumption of homogeneous preferences within the 

population, but allows for preference heterogeneity. In the 

analysis, all parameters were treated as random and esti-

mated based on 2,000 Halton draws from a normal distribu-

tion. McFadden pseudo R2 was used to evaluate the model 

fit. A model including only the constant was estimated to 

investigate potential left-to-right bias in the participants’ 

choices. Consistency of participants’ answers was checked 

with a test–retest question and a separate model, including 

only participants who passed this question, was estimated. 

Using the described model specifications,3 exploratory sub-

group analyses were performed for subgroups based on sex, 
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age group, and injection experience. Choice data from the 

DCE were analyzed with Nlogit 5 (Econometric Software, 

Inc., Plainview, NY, USA). Field notes, containing the data 

from the think-aloud task, were analyzed independently by 

the two interviewers. Commonly mentioned reasons that 

guided patients’ choices were summarized for each attribute. 

Also, general comments relating to treatment decisions were 

summarized.

Results
sample characteristics
Of the 141 patients eligible and invited for participation, 86 

completed the DCE questionnaire. Active inquiries were 

not made regarding reasons for refusal to participate, but 

commonly communicated reasons included general unwill-

ingness to participate in research, acute health problems or 

time/logistical constraints. For two participants the DCE task 

was too demanding and had to be abandoned. Respondent 

characteristics are displayed in Table 2.

Preference analysis
The choice tasks were rated as rather easy by 25 (29%), 

and as rather difficult by 21 (24%) respondents. Forty-five 

percent of respondents considered the task difficulty as 

neutral. As all 86 patients completed the 12 choice tasks, 

1,032 choice observations were included in the prefer-

ence analysis. No indication for a left-to-right bias could 

be detected, as an equal number of choices were made 

for alternatives A and B, reflected in the model constant 

being non-significant (data not shown). The results of the 

MMNL model of preferences are displayed in Table 3. 

Participants preferred to have an improvement instead of 

reaching stabilization of their visual function (P,0.05). 

While patients favored monitoring visits every 2 months 

(P,0.05), they least preferred to have monitoring visits 

only every 4 months (P,0.05). Approved drugs were sig-

nificantly preferred over non-approved drugs (P,0.05). 

Patients preferred bimonthly and PRN injection schemes 

over monthly injections, with the PRN injection scheme 

being most preferred (P,0.05), followed by the bimonthly 

injection scheme. Patients especially disliked having 

injections every month. When comparing the types of side 

effects to each other, mild–moderate, frequent eye-related 

side effects were considered as the most acceptable type, 

whereas very severe, very rare systemic side effects were 

rated as least preferable (P,0.05).

The range of the estimated coefficients as displayed 

in Figure 2 indicates that in this particular choice situa-

tion patients were most sensitive to changes within the 

attributes “side effects” (range =1.69) and “injection fre-

quency” (range =1.28), followed by the “approval status” 

(range =1.12) and “monitoring frequency” (range =0.62). 

Patients valued the differences between levels within the 

attribute “effect on visual function” as least important 

(range =0.44).

Significant standard deviations, which reflect preference 

heterogeneity among participants, were estimated for all 

levels except bimonthly monitoring and rare eye-related 

side effects (see Table 3). Seventy-eight participants (91%) 

made consistent treatment choices in the test and retest 

Table 2 Patients’ characteristics (n=86)

Age, n (%)
Younger than 45
46–54
55–64
65–74
75 years or older

0 (0)
2 (2)
8 (9)
33 (38)
43 (50)

sex, n (%)
Female 44 (51)

educational level, n (%)
no degree
lower secondary education
college
Academic or comparable degree

0 (0)
66 (77)
6 (7)
14 (16)

Time since AMD diagnosis, n (%)

,1 year
1–5 years
$6 years

8 (9)
60 (70)
18 (21)

number of injections, n (%)
1–5
6–12
$13
Missing

11 (13)
15 (18)
58 (69)
2

current treatment, n (%)
Aflibercept
Bevacizumab
ranibizumab
Missing

35 (41)
1 (1)
49 (58)
1

Affected eyes, n (%)
One
Both

54 (63)
32 (37)

self-rated visual functioning, n (%)
excellent
good
Fair
Poor
Very poor

2 (2)
15 (17)
47 (55)
17 (20)
5 (6)

self-rated general health, n (%)
excellent
good
Fair
Poor
Very poor

6 (7)
45 (52)
29 (34)
6 (7)
0 (0)

Abbreviations: n, total number of participants; n, number of participants in 
subgroups; AMD, age-related macular degeneration.
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question. Excluding participants who did not give the same 

answer to the test–retest question from the analysis, did 

not alter the results. Separate models for each interviewer 

did not show significant differences between preference 

estimates.

insights from think-aloud exercise
The majority of participants explained their choices in rela-

tion to their personal experiences while answering the tasks. 

Examples of patient statements given during completion of 

the questionnaire are provided in Table 4. For the attributes 

Table 3 results from panel mixed multinomial logit model

Attributes and levels Coefficient (95% CI) P-value Standard deviation (95% CI)

effect on visual function
stabilization -0.22 (-0.04, -0.40) 0.0163 0.60 (0.40, 0.80)
improvement 0.22 (0.04, 0.40) 0.0163 0.60 (0.40, 0.80)

Monitoring frequency
every month -0.06 (-0.30, 0.18) 0.6357
every 2 months 0.34 (0.14, 0.53) 0.0007 0.05 (-0.37, 0.46)
every 4 months -0.28 (-0.49, 0.07) 0.0094 0.52 (0.25, 0.79)

Approval status
not approved -0.56 (-0.34, -0.78 ) 0.0000 0.72 (0.49, 0.95)
Approved 0.56 (0.34, 0.78 ) 0.0000 0.72 (0.49, 0.95)

injection frequency
scheduled, every month -0.66 (-1.04, -0.28) 0.0007
scheduled, every 2 months 0.15 (-0.09, 0.40) 0.2225 0.48 (0.11, 0.84)
scheduled, every 4 months -0.11 (-0.41, -0.18) 0.4446 0.84 (0.48, 1.21)
On demand, following monthly monitoring 0.62 (0.23, 1.01) 0.0019 0.88 (0.46, 1.29)

side effects
Mild–moderate, frequent, eye-related 0.86 (0.61, 1.12) 0.0000
severe, rare, eye-related -0.03 (-0.20, 0.13) 0.6939 0.04 (-0.62, 0.70)
Very severe, very rare, systemic -0.83 (-1.08, -0.58) 0.0000 0.63 (0.37, 0.89)

Notes: number of observations =1,032 (86 respondents ×12 choice tasks). Pseudo R2: 0.18; Akaike information criterion: 1.17.
Abbreviation: CI, confidence interval.

Figure 2 Patient preference estimates.
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“injection” and “monitoring frequency”, patients stressed 

the importance of having these neither too frequently nor too 

infrequently. On the one hand, too few monitoring visits were 

considered a risk of leaving disease deterioration undetected, 

on the other hand, too many monitoring visits were consid-

ered too time-consuming. Similarly, patients considered 

having many injections (ie, monthly) inconvenient and were 

afraid that too few injections (ie, every 4 months) would lead 

to under-treatment. Disfavor for non-approved drugs was 

explained by being unwilling to participate in clinical trials in 

general. Patients who participated in clinical trials expressed 

their indifference regarding the drug’s approval status, as they 

were aware that non-approved drugs can also be effective 

and safe. Regarding the effect on visual function, patients 

explained that both stabilization and improvement represent 

a valuable treatment effect, and only few patients stressed 

that nothing but an improvement of visual function would 

be valuable and relevant for them. Several specific personal 

experiences seemed to influence intense consideration of 

one attribute. These were, eg, fear of injections, which led 

to strong preferences for fewer injections. However, patients 

in this context also stressed that they considered intravitreal 

injections an unwanted but urgently needed type of treatment, 

which they were willing to accept after diagnosis. The wish 

to avoid the risk of systemic side effects was often explained 

by having had a stroke or heart attack in the past and being 

scared of a recurrence. Being asked for personal judgments 

on treatment options initially was challenging for patients. 

Nevertheless, they appreciated being informed about various 

treatment characteristics and took the opportunity to state 

their personal opinions, as this was not regularly possible 

during clinical routine in such detail.

Discussion
The present study elicited patients’ preferences for five 

treatment attributes and their levels, which characterize 

intravitreal injections of anti-VEGF drugs for the treatment of 

neovascular AMD. The analysis revealed that patients prefer 

treatments which improve visual function, are approved, 

are administered in a PRN scheme, and are accompanied by 

bimonthly monitoring visits. Patients least preferred to be at 

risk of very severe, very rare systemic side effects.

Disfavor regarding monitoring and injection monthly 

and every 4 months was explained clearly by patients in 

the think-aloud exercise. While they generally preferred to 

have fewer appointments, they doubted equal effectiveness 

of treatments with lower injection frequency and were afraid 

that current disease activity would be missed with longer 

examination intervals. While Droege et al8,9 reported a high 

acceptance of monthly monitoring visits, our results suggest 

that patients would prefer monitoring every 2 months, as 

this represents a compromise between less appointments 

and regular reassurance.14 Consistent with Droege et al,8 

a preference for a PRN scheme compared to monthly injec-

tions was found. The strong preference for a PRN scheme 

might be explained by patients’ familiarity with this scheme, 

which is the primary injection scheme at the University 

Hospital Cologne. Prior focus group interviews and the 

think-aloud exercises revealed the patients’ anxiety regard-

ing undetected disease deterioration and their preference for 

Table 4 examples of patients’ statements

Attributes and levels Examples of patients’ statements given while answering choice tasks

Visual function “i cannot imagine that it gets better with my eyes and i would be happy if it stays as it is right now. Both would be great.”
“Of course improvement is better, but stabilization is good as well […] [looks at the other attributes].”
“My visual function is so bad – i really need improvement – stabilization is not enough for me […].”

injection frequency “i prefer to come here only when it is necessary, it works well.”
“every month, that is how they did it before, but if i can have it only every 2 months and it works as well, then i choose 
every 2 months.”
“i only want one of those injections if i really need it and my physician says so.”

Monitoring frequency “The monitoring always takes a lot of time, increasing the time intervals would be nice, but every 4 months is too 
dangerous.”
“i don’t notice the changes myself, i need these visits at least every 2 months.”
“i really don’t want to come here every month for monitoring, but i don’t want to miss out if things get worse […] i am 
scared of that situation.”

Approval status “i cannot believe this medication gives improvement if it is not approved. i’d rather choose the approved one.”
“i would not participate in a trial, so why should i choose the non-approved drug if there is also this approved one.”

side effects “i had a heart attack before and i do not want to have it again. i do not want a treatment that might cause a heart attack.”
“i have this itching after each injection, but it is gone the next day, so i don’t mind risking this.”
“Oh no, i don’t want these very severe side effects – i am really scared of those.”
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prompt treatment in case of deterioration, which they assume 

is best achieved in the PRN treatment scheme. In addition to 

Droege et al, our study elicited preferences for the recently 

introduced treatment scheme of bimonthly injections and the 

additional treatment characteristics: side effects, approval 

status, and effect on visual function.

The ranges of preference coefficients illustrated that 

patients were least sensitive to changes within the attribute 

“effect on visual function”. This seems counterintuitive as 

patients in previous studies stressed the high importance of 

their visual function.14 Nevertheless, patients also explained 

that either stabilization or improvement would represent 

a great achievement. Only few patients with very severe 

visual impairments regarded improvement as the only 

relevant option. This example illustrates that the relative 

importance estimated by the coefficient ranges of attributes 

can only be interpreted in relation to the levels describing 

a particular choice situation, and does not represent a value 

for the absolute importance of an attribute. The small dif-

ference between these levels might also result from the 

qualitative, and therefore potentially vague attribute defini-

tion. Quantitative definitions such as percentage of visual 

functioning or number of lines that can be read were tested 

in preceding focus group interviews. However, these were 

not meaningful to patients. Patients described their desired 

treatment goals in maintaining or improving their function-

ing, eg, being able to read rather than the wish for reaching 

a specific percentage of visual functioning. Moreover, based 

on the treatment experiences reported by patients during the 

preparatory qualitative work, it became clear that the same 

objectively measured increase in visual acuity does not mean 

the same to all patients. While some patients subjectively 

perceived very poor visual functioning with a visual acuity 

of, eg, 20%, others reported good visual functioning with 

the same percentage of visual acuity. Therefore, universal 

quantitative definitions of visual functioning did not appear 

to be meaningful to patients and would have left even more 

room for individual interpretation.

This study illustrates the added value of combining 

quantitative and qualitative preference information. While 

quantitative preference data only provide information on the 

strength and direction of preferences, qualitative information 

helps to interpret and understand the numerical data.20 Even 

though statistical analyses display results, which can be 

explained by the researcher, receiving the explanations from 

patients facilitates the evaluation of the study’s validity at the 

input and output level.20,21 At the input level, misunderstand-

ings of the task or of the included attributes and levels can 

be detected and eliminated. At the output level, researchers 

can evaluate whether the preference estimates correspond 

to the preferences expressed by patients in think-aloud or 

preceding focus group statements. Without the qualitative 

research conducted in advance and in parallel, some findings 

would not appear reasonable at first sight. Especially for the 

attributes “monitoring” and “injection frequency”, a linear 

relationship with the lowest possible frequency being most 

preferred over the more frequent intervals could be expected, 

especially since intravitreal injections are not attractive to 

patients and both monitoring and injection visits, are time-

consuming. In contrast, the think-aloud task in our prefer-

ence elicitation revealed that while patients generally prefer 

to have less injection and monitoring visits, the majority of 

patients are afraid of undetected and untreated disease activity 

and consider these a disliked but necessary need.

Several limitations of the present study should be 

addressed. First, generalizability of results might be limited 

due to exclusively eliciting preferences of treatment expe-

rienced patients. Preferences from treatment experienced 

and treatment-naïve patients might differ, as indicated by 

preparatory focus group interviews.14 However, previous 

qualitative research showed that already, after receiving 

few injections, the majority of patients get used to their 

treatment. Recruiting patients only from the ophthalmo-

logic center of the University Hospital Cologne, and only 

those insured with the SHI might limit the generalizability 

of the estimated preferences for a wider patient population. 

Especially, the preference for approved drugs found in this 

study might be overestimated. As AMD patients at Cologne 

University Hospital were treated almost exclusively with 

approved drugs, patients might intentionally have chosen to 

undergo treatment at this center. However, the majority of 

patients were not familiar with the concept of drug approval 

and needed detailed explanations. In turn, providing detailed 

information might have influenced patients’ judgments and 

induced an overestimation of the preference for approved 

drugs. Nevertheless, thorough descriptions of all treatment 

characteristics are necessary to enable truly informed choices. 

Generalizability of the results might also be limited as only 

patients insured with the SHI were included. As costs for 

AMD treatments are now fully covered by the German SHI, 

patients do not have to make copayments for these treat-

ments. SHI-insured patients also stressed that they do not 

consider treatment costs a determinant of treatment choice 

as long as these are covered by the SHI.14 Including a cost 

attribute and estimating willingness-to-pay might have been 

of interest in international studies or when treatments were 
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not yet covered by the German SHI. Another limitation might 

result from collecting data with interviewer-administered 

questionnaires. Efforts to prevent any influence from inter-

viewers included, eg, adherence to an interviewing procedure 

and mutual evaluation of interviewing practices. Despite 

its potential for introducing bias, such as evoking socially 

desirable choice behavior, the interview-based data collec-

tion offers the opportunity to survey patients who would 

otherwise be unable to complete a survey on their own. In 

our study patients who were unable to read due to their visual 

impairment, or those with limited fine motor skills and being 

unable to turn the pages of the questionnaire would have been 

excluded from the study when choosing other data collec-

tion techniques. Using interviewer-assisted questionnaires 

therefore contributed to increasing representativeness of the 

overall patient population. Moreover, interviewer assistance 

provides the opportunity to identify misunderstandings of 

the task at early stages in questionnaire administration and 

enables the researcher to gain more detailed insights into the 

patients’ reasoning behind their preferences. Completing the 

task with a qualified and neutral interviewer also minimizes 

the bias that might be introduced if, eg, family members get 

involved in completing the questionnaire when it is given to 

patients for self-completion.

Despite reaching the estimated minimum sample size 

of 84, the low sample size of this study could represent a 

further limitation. The insignificant differences between 

several levels within the attributes “monitoring” and “injec-

tion frequency” might be an artifact of the small sample 

size, implying a lack of statistical power. The sample size 

calculation proposed by de Bekker-Grob et al might be more 

precise given that prior preference information is taken into 

account. However, the validity of this calculation largely 

depends on the accuracy of a priori estimates of coefficients, 

which might not always be given.22 In our case, the sample 

size generated with de Bekker-Grob’s approach gave very 

similar results to Orme’s formula, except for one level, where 

a much higher (,1,000 participants) sample size would 

have been needed. Since significant preference estimates 

could be obtained with the relatively small sample size in 

this study and interviews were demanding for both patients 

and researchers, including more patients in the study would 

most likely not have been efficient.

Despite its limitations, this study could have several 

implications for clinical practice and research. The study 

shows that patients with AMD have strong preferences for 

or against various treatment characteristics. In addition to 

data from clinical trials, expert experiences, and financial 

considerations, patient preferences should be integrated into 

medical decision making.23

Specifically, the variation in individual preferences found 

in this study underpins the need to actively elicit and include 

patient preferences in patient–physician communication and 

decision making. The study also suggests the importance of 

giving special care to the target population’s needs when 

designing preference analyses. Tailored instrument design, 

data collection techniques, and interviewer assistance can 

prevent exclusion of participants due to their physical or 

cognitive functioning.

Conclusion
The study illustrates the value of combining quantitative 

with qualitative research when eliciting patient preferences. 

While quantitative data deliver numerical preference esti-

mates, qualitative data enable researchers, decision makers, 

and physicians to understand the personal experiences and 

reasons shaping the patients’ preferences.
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