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ABSTRACT
Purpose: To compare the impact of pro re nata and treat-and-extend regimens on quality of life in patients 

with neovascular age-related macular degeneration. Methods: This cross-sectional study included 81 

patients with neovascular age-related macular degeneration who completed the National Eye Institute 

Visual Function Questionnaire-25. Results: No statistically significant differences were observed between 

pro re nata and treat-and-extend regimens across quality-of-life domains measured by National Eye Institute 

Visual Function Questionnaire-25. Conclusions: Pro re nata and treat-and-extend regimens demonstrated 

comparable effects on quality of life in patients with neovascular age-related macular degeneration. 

Further studies are warranted to determine optimal standardized treatment strategies. 
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INTRODUCTION

Age-related macular degeneration (AMD) is a degenera
tive disorder of the macula that primarily affects the elderly. 
It is characterized by progressive loss of central vision and 
is a leading cause of irreversible blindness in developed 
countries(1,2).

The etiology of AMD is multifactorial, involving both 
genetic and environmental factors. Major risk factors in
clude advanced age, family history, smoking, prior cataract 
surgery, and comorbid conditions such as systemic arterial 
hypertension, cardiovascular disease, and obesity, as well as 
elevated plasma levels of inflammatory markers(3).

Common symptoms of AMD include reduced visual 
acuity, metamorphopsia, and paracentral scotomas(4,5). 
Diagnosis is based on patient history and multimodal imaging, 
including fluorescein angiography, optical coherence 
tomography (OCT), and, when indicated, indocyanine green 
angiography(4,5).

The prevalence of AMD is estimated at approximately 18 
million individuals in North America and 67 million in Europe. 
These numbers are expected to increase further due to 
demographic shifts and the growing elderly population(6,7).

AMD is a serious condition with significant potential to 
impair vision-related quality of life (VRQoL)(8). It adversely 
affects daily activities, mobility, access to health care, work 
capacity, and participation in cultural and leisure activities 
such as reading and social interaction. Moreover, it may lead 
to reduced independence, increased reliance on caregivers, 
higher healthcare costs, and psychological consequences, 
including anxiety and depression(9-12).

The standard treatment for the exudative form of AMD 
—neovascular AMD (nAMD)—is intravitreal injection of 
antiangiogenic agents(1,2,4). Advances in therapy, particularly 
the development of anti-vascular endothelial growth 
factor (anti-VEGF) agents, have significantly improved the 
prognosis of nAMD, enabling many patients to maintain or 
even improve visual acuity. Consequently, early diagnosis and 
adherence to treatment protocols are essential components 
of patient management. Current efforts focus not only on 
improving efficacy but also on reducing treatment burden 
through extended dosing intervals, novel drug delivery 
systems, and enhanced patient support(2,5).

The most commonly used treatment regimens include 
fixed monthly dosing, pro re nata (PRN), and treat-and-extend 
(T&E) strategies(13). Each regimen has distinct advantages 
and limitations. Monthly dosing provides consistent efficacy 
but imposes a substantial burden due to frequent clinic 
visits. The PRN approach reduces the number of injections by 

administering treatment based on disease activity; however, 
it requires close monitoring and may increase the risk of 
undertreatment. In contrast, the T&E regimen individualizes 
treatment intervals based on patient response, thereby 
balancing efficacy and convenience. Clinical studies suggest 
that T&E achieves visual outcomes comparable with monthly 
dosing while reducing the number of injections and visits, 
making it a practical and patient-centered approach(14-22).

In recent decades, the number of patients receiving treat
ment for AMD has increased markedly, driven by improved 
outcomes and greater awareness of available therapies. 
Although treatment imposes a considerable burden on pa
tients, their families, and healthcare systems, the clinical 
benefits generally outweigh these challenges(23-25).

Despite extensive research, most comparisons of treat
ment regimens focus on clinical outcomes and healthcare 
perspectives, with limited emphasis on patient-reported 
outcomes. It remains unclear whether one regimen offers a 
superior quality of life from the patient’s perspective. This 
question motivated the present study.

The objective of this study was to compare the impact 
of PRN and T&E treatment regimens on the quality of life 
of patients with nAMD using the NEI VFQ-25 questionnaire.

METHODS

A cross-sectional study was conducted to compare the 
impact of different treatment types on quality of life in 
patients with nAMD treated at a private clinic, evaluating 
whether there is a difference in quality of life between 
patients with exudative AMD managed using PRN and T&E 
regimens.

A cross-sectional design was chosen because, although 
the NEI VFQ-25 is sensitive to changes over time, the primary 
objective was to assess whether the treatment regimen 
influences quality of life during ongoing anti-VEGF therapy 
rather than to evaluate temporal changes. A longitudinal 
design would have required baseline and multiple follow-up 
assessments, which were not feasible due to resource and 
time constraints.

Eighty-one patients from a private clinic were selected 
to participate in the study between September 2022 and 
February 2023. Individuals diagnosed with nAMD who 
had received at least 9  months of intravitreal injection 
treatment were included. Patient inclusion was based on a 
clinical diagnosis of nAMD, established by an experienced 
retina specialist using clinical examination and multimodal 
imaging, including spectral-domain OCT and, when available, 
fluorescein angiography and/or OCT angiography.
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Patients were not allowed to choose their treatment 
regimen (PRN or T&E), as all were covered by health 
insurance with different contractual clauses. Therefore, 
some individuals could only receive injections on a PRN 
basis, whereas others had access to continuous treatment 
under the T&E protocol. This restriction resulted in a natural 
allocation of patients.

Patients with visual acuity worse than finger counting 
in both eyes and those with significant comorbidities were 
excluded, including:

•	 Type I or II diabetes mellitus requiring insulin
•	 Subarachnoid hemorrhage with associated heart disease
•	 Renal failure requiring dialysis
•	 Ongoing cancer treatment
•	 Other ophthalmic diseases (moderate or severe cataract 

according to LOCS III criteria, glaucoma or other optic 
nerve disease, uveitis, corneal disease, other retinal dise-
ases, and strabismus)
Quality of life was assessed using the NEI VFQ-25 ques

tionnaire. This instrument consists of 25 questions covering 
11 vision-related domains (general vision, near and distance 
activities, eye pain, social functioning, functional activities, 
mental health, dependence, driving difficulties, color 
vision, and peripheral vision), plus one additional item 
addressing general health. Each domain includes between 
one and four items. Scores range from 0 to 100, with higher 
values indicating better visual function and well-being. The 
questionnaire can be administered either by an interviewer 
or self-administered by the patient; in this study, it was self-
administered at two time points: before and after treatment 
procedures(26-30).

In this format, values represent a percentage of the total 
possible score; for example, a score of 50 corresponds to 
50% of the maximum score. Vision-related quality of life was 
considered abnormal when the score was below 50 in any 
of the 10 vision-related domains, excluding the ocular pain 
domain. This threshold corresponds to approximately two 
standard deviations below values reported for the normal 
population(26-28).

Statistical analysis was performed using R version 4.2.0 
(R Foundation for Statistical Computing, 2022). Exploratory 
data analysis included summary measures (mean, standard 
deviation, first quartile, median, third quartile, frequency, 
and percentage). Groups were compared using the Mann–
Whitney test for numerical variables and the chi-square test 
for categorical variables. Spearman’s correlation coefficient 
was used to assess correlations between numerical variables. 
Multiple linear regression models, with dependent variables 

transformed into ranks, were used to identify factors that 
best explain variability in quality-of-life domains. A signi
ficance level of 5% was adopted.

Missing responses in NEI VFQ-25 domains were handled 
using available-case analysis. Each domain was analyzed 
using only patients who responded to that domain. The 
ocular pain, distance activities, and driving domains had 
substantial missing data and were therefore excluded from 
the regression analysis.

RESULTS

Eighty-one patients participated in the study: 43 (53%) 
were treated with PRN and 38 (47%) with T&E.

Tables 1 and 2 show that the two groups were homoge
neous with respect to demographic and clinical characteristics.

Table 3 shows that no statistically significant differences 
were observed between the treatment groups in terms 
of quality-of-life parameters measured by the NEI VFQ-25. 
However, Figure 1 suggests that PRN treatment tended to 
yield higher scores than T&E treatment.

Table 1. Comparison of the profile of patients in the two treatments (categorical 
variables, chi-square test).

Variable PRN T&E p-value

Instruction: 1.000

<8 yr 10 (23.3%) 9 (23.7%)

>8 yr 33 (76.7%) 29 (76.3%)

Color: 1.000

White 40 (95.2%) 37 (97.4%)

Brown 2 (4.76%) 1 (2.63%)

Pseudof OD: 0.244

N 10 (23.3%) 4 (10.8%)

S 33 (76.7%) 33 (89.2%)

Pseudof OE: 0.327

N 12 (27.9%) 6 (16.2%)

S 31 (72.1%) 31 (83.8%)

Bilateral: 0.593

Unilateral 24 (55.8%) 17 (47.2%)

Bilateral 19 (44.2%) 19 (52.8%)

HAS: 1.000

N 19 (44.2%) 17 (44.7%)

S 24 (55.8%) 21 (55.3%)

DM: 0.328

N 25 (58.1%) 27 (71.1%)

S 18 (41.9%) 11 (28.9%)
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Table 2. Comparison of the profile of patients in the two treatments (numerical variables, Mann–Whitney test).

Variable
PRN T&E

p-value
N Average (SD) Average [Q1;Q3] N Average (SD) Average [Q1;Q3]

Economic 43 7,493 (4,693) 5,000 [4,000;1,0000] 38 8,561 (5,552) 9,000 [4,000;11,750] 0.494

Age 41 76.6 (9.52) 76.0 [71.0;84.0] 36 78.6 (8.42) 78.0 [72.5;85.2] 0.405

AV (logMAR) 43 0.57 (0.33) 0.50 [0.30;0.68] 37 0.59 (0.30) 0.55 [0.35;0.80] 0.474

Q1= first quartile; Q3= third quartile; SD= standard deviation.

Table 3. Comparison between treatments (Mann–Whitney test).

Variable
PRN T&E

p-value
N Average (SD) Average [Q1;Q3] N Average (SD) Average [Q1;Q3]

General Health 43 45.9 (21.1) 50.0 [25.0;50.0] 38 54.6 (24.6) 50.0 [50.0;75.0] 0.120

General Vision 43 60.0 (19.1) 60.0 [40.0;67.5] 38 61.1 (16.7) 60.0 [60.0;80.0] 0.529

Ocular Pain 16 45.3 (23.2) 37.5 [37.5;50.0] 16 44.5 (25.0) 37.5 [25.0;50.0] 0.463

Near Activities 42 66.5 (26.6) 70.8 [50.0;91.7] 38 61.6 (22.6) 58.3 [41.7;75.0] 0.280

Distance Activities 18 74.5 (27.0) 83.3 [66.7;97.9] 15 58.9 (29.6) 66.7 [37.5;87.5] 0.121

Social Functioning 42 91.4 (16.9) 100 [87.5;100] 34 88.6 (18.8) 100 [78.1;100] 0.394

Mental Health 43 55.2 (25.9) 68.8 [40.6;75.0] 37 52.5 (23.5) 56.2 [37.5;75.0] 0.415

Role Difficulties 42 72.9 (26.8) 75.0 [53.1;100] 38 60.5 (30.7) 68.8 [37.5;87.5] 0.063

Dependency 42 82.3 (27.8) 100 [83.3;100] 37 74.5 (33.6) 91.7 [66.7;100] 0.327

Driving 24 82.8 (18.4) 87.5 [75.0;100] 17 70.6 (29.0) 87.5 [50.0;87.5] 0.165

Color Vision 43 96.5 (16.0) 100 [100;100] 38 94.1 (17.9) 100 [100;100] 0.547

Peripheral Vision 42 84.5 (22.1) 100 [75.0;100] 38 78.9 (27.6) 100 [56.2;100] 0.470
Q1= first quartile; Q3= third quartile; SD= standard deviation.

Figure 1. Average quality of life parameters per treatment.
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As no statistically significant differences were observed 
between the two groups regarding clinical and demographic 
characteristics, the relationship between these variables and 
quality of life was analyzed for the entire cohort without 
stratification by treatment regimen.

To identify factors that best explain variation in quality-
of-life domains, multiple linear regression analysis was 
performed (Table 4). Due to the non-normality of residuals 
in the standard regression model, the dependent variables 
(domains) were transformed into ranks, resulting in a nonpa
rametric version of linear regression.

DISCUSSION

The PRN regimen consists of three intravitreal injections 
administered at 1-month intervals (loading doses). After 
this phase, patients attend monthly follow-up visits, during 
which disease activity is assessed using complementary 
examinations. Based on this evaluation, additional injections 
may or may not be indicated according to pre-established 
criteria. This approach requires frequent visits, and patients 
are not informed in advance whether an injection will be 
needed. Therefore, PRN is considered a reactive regimen, 
as treatment is administered only in the presence of disease 
activity(13,22).

In contrast, the more recently proposed T&E regimen 
involves variable intervals between visits, but intravitreal 
injections are administered at every scheduled appointment. 
Similar to PRN, it begins with loading doses; thereafter, 
treatment intervals are adjusted according to disease control. 
In the absence of disease activity, intervals are progressively 
extended, whereas evidence of activity shortens intervals to 
regain control. This strategy allows greater individualization 

of treatment and reduces the number of clinic visits. In 
addition, patients are aware that injections will be performed 
at each visit. Thus, T&E is considered a proactive regimen, 
aiming to prevent disease recurrence(13,21).

Several studies have compared these regimens, evaluating 
visual outcomes, number of visits, number of injections, 
physician preference, and the impact on patients’ quality of 
life and that of their caregivers. Some recent studies have 
reported better final visual acuity and lower macular thickness 
in patients treated with T&E compared with PRN, although 
at the cost of a higher number of injections(17-20). From the 
physician’s perspective, PRN offers the advantage of fewer 
injections and simpler patient communication, as treatment 
is administered only when disease activity is present. In 
contrast, T&E may allow shorter consultation times and more 
efficient scheduling of intravitreal procedures(23).

Regarding the patient perspective and quality of life, Iida 
et al. reported differing advantages between the regimens. 
PRN is associated with fewer injections, reduced costs, 
and potentially fewer adverse effects. However, patients 
may experience uncertainty or frustration due to the 
unpredictability of treatment. Conversely, the T&E regimen 
may promote a more proactive approach, reduce anxiety, 
and facilitate planning, but it may increase the financial 
burden and exposure to procedure-related risks due to more 
frequent injections(23). Similar considerations apply to the 
social, emotional, and economic impact on family members 
or caregivers accompanying patients to appointments(24).

Although previous studies have suggested the superiority 
of T&E over PRN in terms of visual outcomes and treatment 
burden, our study did not demonstrate significant differences 
in vision-related quality of life between the two regimens. 
This finding may indicate that improvements in visual acuity 
or reductions in visit frequency do not necessarily translate 
into perceptible differences in quality of life when both 
regimens achieve adequate disease control(17-20,23,24).

In this study, we aimed to evaluate the impact of treat
ment regimens on patients’ quality of life and, consequently, 
their potential preference for one approach over the other. 
Adherence to long-term therapy for nAMD requires that 
patients feel comfortable and satisfied with their treatment, 
as interruptions in therapy may lead to significant visual 
deterioration. Therefore, identifying a regimen that maintains 
treatment efficacy while aligning with patients’ daily routines 
and expectations is an important consideration.

Despite extensive research, a universally preferred 
therapeutic regimen has not yet been established. One 
possible approach is to better inform patients and caregivers 
about the chronic nature of the disease and available 

Table 4. Multiple linear regression to assess factors associated with quality-of-life 
domains

Quality of Life Factors

General Health +T&E(0.046) +Male(0.045) −HAS(0.042) −DM(0.003)

General Vision −Pseudof(0.047) −AV(0.002)

Near Activities −Age(0.020) −Bilateral(0.036)

Social Functioning −Bilateral(0.015)

Mental Health −Age(0.003) −AV(<0.001)

Role Difficulties Age(0.038) −Bilateral(0.047) −AV(0.008)

Dependency −Age(<0.001) −DM(0.019) −AV(0.002)

Color Vision —

Peripheral Vision —
The sign indicates the direction of the relationship, and the number in parentheses represents 
the p-value. Coefficients are not presented because the dependent variables (domains) were 
transformed into ranks, rendering the coefficients less meaningful.
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treatment strategies, enabling them to make more informed 
decisions and choose care that best fits their circumstances(25). 
As no significant differences in quality of life were observed 
between regimens in this study, further research is needed 
to determine which approach best aligns with patient 
preferences and lifestyles.

According to Picoto et al.(8), worse visual acuity in the 
poorer-seeing eye is associated with higher NEI VFQ-25 
scores, suggesting that this parameter may be useful in future 
studies comparing different regimens. Furthermore, Müller 
et al.(25) reported that many patients have limited knowledge 
about AMD, including its chronic nature, which may influence 
self-reported outcomes and symptom perception.

This study has several limitations. First, the cross-sectional 
design limits the ability to establish causal relationships 
between treatment regimen and quality of life. Second, 
the study population was drawn from a private practice 
setting, which may limit generalizability, particularly to 
public healthcare systems. In addition, insurance-related 
restrictions influenced treatment allocation. Unmeasured 
socioeconomic factors may also have introduced bias. 
Missing responses in certain domains (such as ocular pain, 
distance activities, and driving) limited the comprehensive 
evaluation of NEI VFQ-25 scores. Finally, reliance on patient-
reported outcomes introduces the possibility of recall bias.

Future studies, including larger and more diverse 
populations, are needed to better understand the advantages 
and limitations of each regimen. Such research may 
contribute to the development of standardized, evidence-
based protocols that optimize both clinical outcomes and 
patients’ vision-related quality of life.
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