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ABSTRACT 

 

Objectives: To identify and characterize response patterns in patients with wet age-

related macular degeneration (AMD) over 24 month after ranibizumab therapy; to 

determine demographic and clinical predictors of response patterns at the initial time of 

treatment (baseline); and to quantify and compare resource utilization across response 

patterns at the end of treatment (month 24).  

 

Methods: We performed a secondary data analysis using existing data from a 

prospective, observational, multicenter, open-label trial of 0.5 mg of ranibizumab 

administered by intravitreal injection. Patients with wet AMD were followed over 24 + 3 

months with intermediate data points at 6 + 2 months and 12 + 2 months, and a few data 

points at 2.5 + 1 month that coincided with the end of the loading phase. The primary 

outcome of interest was change in visual acuity (as measured by Early Treatment 

Diabetic Retinopathy Study [ETDRS] letters). Latent class growth analysis (LCGA) was 

used to examine treatment response variability in the data and to identify latent classes 

(unobserved groups) of response patterns. A multinomial logistic regression was 

specified to identify predictors of the response patterns. Variables related to resource 

utilization at the end of treatment were also examined across response patterns. 

 

Results: LCGA demonstrated a large variability in visual acuity change. We identified 

three clusters of patients for each response pattern. Patients in cluster 1 (partial 
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responders, 56.68% of the total sample) had stable improvement in visual acuity that 

plateaued at month 3 and then gradually diminished over time. Patients in cluster 2 

(optimal responders, 23.50%) showed progressive improvement in visual acuity that 

plateaued at month 6 and then remained stable over time. Patients in cluster 3 (non-

responders, 19.82%) had the worst performing course in visual acuity and showed drastic 

decline for the first 12 months that tapered off. Multinomial logistic regression revealed 

significant differences across clusters in terms of age, baseline visual acuity, and certain 

lesion types. Resource utilization at the end of treatment also varied significantly across 

clusters, with non-responders on average receiving the lowest total number of 

ranibizumab per patient. 

 

Conclusions: LCGA identified three response patterns to ranibizumab among patients 

with wet AMD. The patterns were significantly associated with age, baseline visual 

acuity, and certain lesion types. Non-responders on average received the lowest total 

number of ranibizumab per patient. Identifying differential responders has obvious 

advantages for understanding treatment effects and may help provide a basis of 

classification for intervention.
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CHAPTER 1 

INTRODUCTION 

 

1.1 Problem Statement 

AMD is the leading cause of blindness in the developed countries and primarily affects 

older adults of European descent.1,2 Severe vision loss occurs in the advanced stages of 

the disease and can be classified into two forms: wet (neovascular) and dry (atrophic). In 

2000, 1.75 million people in the US experienced advanced AMD (geographic atrophy 

[GA] and/or choroidal neovascularization [CNV]), with millions more having 

asymptomatic early disease.2 The overall prevalence of neovascular AMD and/or GA in 

the US population was estimated to be 1.47%, although the rate is likely to increase as the 

elderly population expands.2 Among blacks, Hispanics, and Asians, the percentages are 

smaller but still significant.3 The prevalence rates and per-patient costs vary by country, 

but the societal costs of wet AMD are substantial in each country. In 2010, Medicare Part 

B spending for drugs used to treat wet AMD totaled $2 billion—approximately one-sixth 

of the entire Medicare Part B budget.4  

 Current pharmacological therapy holds great promise for the treatment of 

neovascular cases but involves frequent intravitreal injections of anti-vascular endothelial 

growth factor (VEGF) agents. There are four anti-VEGF agents available on the market: 

pegaptanib (Macugen®, Valeant), ranibizumab (Lucentis®, Genentech), bevacizumab 

(Avastin®, Genentech), and aflibercept (Eylea®, Regeneron). Pegaptanib was the first 

anti-VEGF agent approved for wet AMD. Although pegaptanib established efficacy in 
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clinical trials compared to placebo, the agent is now rarely used because it was shown to 

be less effective than ranibizumab.5 Ranibizumab is the first and only treatment proven in 

clinical trials to maintain and improve visual acuity in patients with wet AMD. 

Bevacizumab is the parent molecule from which ranibizumab is derived. Initially 

approved for metastatic colorectal cancer, bevacizumab has been widely used off-label to 

treat CNV due to its low cost.6 Aflibercept was introduced in 2011 as a recombinant 

fusion protein that competes for the binding of VEGF. Based on two non-inferiority 

trials, aflibercept may require fewer injections than ranibizumab.7,8  

Since the introduction of anti-VEGF therapy, the cases of blindness and visual 

impairment have decreased substantially. 9,10 Despite this, anti-VEGF therapy is not 

effective in all patients, and some still lose their vision after treatment. In the pivotal 

phase 3 clinical trials of ranibizumab—MARINA (n = 716) and ANCHOR (n = 423)—

only 33.8% and 40.3% of patients gained > 15 letters in visual acuity at month 12, 

respectively.11,12 At month 12, mean visual acuity improvements were 7.2 letters from 

baseline in the MARINA trial and 11.3 letters in the ANCHOR trial (see Csaky et al.13 

for details on visual parameters). The PrONTO trial (n = 40) explored an optical 

coherence tomography (OCT)-guided, variable-dosing regimen with ranibizumab.14 In 

this 2-year investigation, patients received three consecutive monthly intravitreal 

injections followed by as-needed treatment. At month 12, visual acuity improved > 15 

letters in only 35% of patients.  

 In routine clinical practice, treatment effects are more difficult to estimate due to 

the different measurement techniques used. For example, in a prospective case series (n = 
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43), Lux et al. found that 45% of patients treated with bevacizumab are non-responders as 

judged by visual acuity.15 Another study reviewed medical records of patients (n = 283) 

treated with either bevacizumab or ranibizumab between 2006 and 2008.16 The overall 

non-responder rates were 14.1% for patients treated with bevacizumab and 15.3% for 

those with ranibizumab as judged by fundus findings. It appears that non-responsive 

cases to anti-VEGF therapy are rather common in wet AMD. To date, it is unclear why 

this happens. Given that other options (e.g., combination therapy) are available,17 it 

would be helpful to identify response early so patients could begin more appropriate 

treatment to avoid inefficient and unnecessary treatment. 

Adding to this dilemma, clearly defined criteria have not been published, resulting 

in inconsistencies between inclusion criteria that limit the comparability of results 

between studies. For example, in the case of the two studies mentioned above, Lux et al. 

defined non-response as having reduced or stable visual acuity at the last follow-up (after 

2, 3 or 6 months),15 whereas Krebs et al. identified non-responders as patients with a loss 

of three lines of distance acuity, increase of retinal thickness, or increase of lesion size at 

month 3 and month 12.16 Taken individually, none of these approaches is entirely 

accurate and without errors because they all suffer from the limitations arising from the 

prospective assumptions about the definition, namely the arbitrary division of patients 

based on the criteria adopted. As a result, physicians and researchers must rely on a range 

of response indicators to determine whether a patient responds to the prescribed therapy. 

Given these limitations, we used a data-driven statistical approach for estimating 

treatment response heterogeneity in wet AMD. This technique avoids the need for 
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prospective definition and is capable of assessing response indicators in conjunction, 

rather than independently. Specifically, we used LCGA to analyze patterns of change in 

visual acuity over time in response to ranibizumab that is measured repeatedly for 

patients with wet AMD. We believe LCGA has two advantages over traditional 

approaches: (1) it can identify response patterns that emerge from the data rather than 

arbitrarily defined values; and (2) it can obtain more accurate estimates because the group 

assignments are probabilistic (i.e., taking into account uncertainty). In other words, 

LCGA classifies patients by using multiple response indicators and their correlation 

structure. As more response indicators are available and the correlations of those 

indicators are stronger, the advantages of LCGA will be greater. 

 

1.2 Research Objectives 

The objective of this study was three-fold: 

(1) To identify and characterize response patterns to ranibizumab therapy in patients 

with wet AMD over 24 month; 

(2) To determine demographic and clinical predictors of response patterns at the 

initial time of treatment (baseline); and 

(3) To quantify and compare resource utilization across response patterns at the end 

of treatment (month 24). 

 

1.3 Research Hypotheses 
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It was hypothesized that a minimum of two distinct response patterns (e.g., high and low) 

would be identified and that these clusters would be predicted from demographic 

variables, such as age, gender, and race based on past literature. Clinical variables, 

including eye involvement, lesion types, lesion locations, prior treatments, family history 

of AMD, ocular diseases, cardiovascular diseases, and current or former smoker were 

also hypothesized to affect response patterns. Finally, we hypothesized that these clusters 

would differ in resource utilization at the end of treatment.  

 

1.4 List of Abbreviations 

• AIC: Akaike’s information criterion 

• AIC3: Akaike’s information criterion 3 

• AMD: age-related macular degeneration 

• BCVA: best-corrected visual acuity 

• BIC: Bayesian information criterion 

• CAIC: Consistent Akaike’s information criterion 

• CI: confidence interval 

• CNV: choroidal neovascularization 

• ETDRS: Early Treatment Diabetic Retinopathy Study 

• FA: fluorescein angiography 

• GA: geographic atrophy 

• HDL: high-density lipoprotein 
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• IGA: indocyanine green angiography 

• IQR: interquartile range 

• L2: likelihood ratio chi-square statistic  

• LCGA: latent class growth analysis 

• LDL: low-density lipoprotein 

• NHANES: National Health and Nutrition Examination Survey 

• OCT: optical coherent tomography 

• OR: odds ratio 

• PED: pigment epithelial detachment 

• PCV: polypoidal choroidal vasculopathy 

• PDT: photodynamic therapy 

• RAP: retinal angiomatous proliferation 

• RPE: retinal pigment epithelium 

• SD: standard deviation 

• VEGF: vascular endothelial growth factor
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Definition 

AMD is a degenerative disease that damages the central portion of the retina, known as 

the macula, and results in severe vision loss among European descended people older 

than age 65.2 There are two forms of AMD: dry (atrophic) and wet (neovascular), both of 

which can lead to severe visual impairment. Dry AMD involves the choriocapillaris, 

retinal pigment epithelium (RPE), and photoreceptors and does not involve leakage of 

blood and/or serum.18,19 Wet AMD, however, involves serous or hemorrhagic detachment 

of the RPE and new abnormal blood vessel growth and is associated with leakage and 

fibrovascular scarring.18,19  

The dry form of AMD comprises 80% of all AMD cases and is characterized by 

accumulation of deposits, known as drusen. Although dry AMD is more common than 

wet AMD, it only accounts for about 10% of visual loss (< 20/200).20 In some patients, 

dry AMD progresses into wet AMD.21 The advanced form of dry AMD is called GA. By 

contrast, the wet form of AMD is characterized by abnormal growth of new blood vessels 

beneath the macula. The advanced form of wet AMD is called CNV. Wet AMD accounts 

for approximately 10% of all AMD cases but is responsible for 90% of blindness.20   

 

2.2 Clinical Presentation 
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The macula contains the highest concentration of photoreceptors, which are responsible 

for high-resolution vision, such as reading, driving, and recognizing faces.18,19 Posterior 

to the photoreceptors is the RPE. The RPE is part of the blood-ocular barrier and has 

several functions, including photoreceptor phagocytosis, nutrient transport, and cytokine 

secretion.18,19 Posterior to the RPE is the Bruch’s membrane. The Bruch’s membrane is a 

semipermeable exchange barrier that separates the RPE from the choroid, and the choroid 

supplies blood to the outer layers of the retina.18,19 

Drusen are the hallmark of AMD.18,19 Drusen can be categorized as small (< 63 

µm), medium (63-124 µm), or large (> 125 µm) based on the diameter of the optic 

disc.22,23 Drusen can also be categorized as hard or soft based on the appearance of their 

edges. Hard drusen are generally small and have distinct edges, with uniform coloring 

throughout the drusen.24 The presence of a few small hard drusen is not considered 

indicative of AMD.22 Soft drusen are usually large, have indistinct edges, and become 

confluent in the macula.24 The presence of soft drusen, particularly if > 125 µm, are 

considered indicative of AMD.22 

AMD can be classified into early, intermediate, and late/advanced stages.23,25 

Early stage is characterized by the presence of a few medium-sized drusen or retinal 

pigmentary abnormalities.23,25 Intermediate stage is characterized by at least one large 

drusen, several medium-sized drusen, or GA that does not involve the macula.23,25 Late 

stage can be either dry or wet. Late dry AMD is characterized by drusen and GA, 

whereas late wet AMD is characterized by CNV.23,25  
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Wet AMD can be further categorized into classic or occult based on the pattern of 

CNV.26 Classic CNV in the late phase appears as well-defined areas with 

hyperfluorescence and intense leakage.26 Occult is ill-defined, appears in the early-mid 

phase, and leaks less intensely.26 Predominantly classic lesion (> 50% classic CNV) is 

more aggressive than minimally classic lesion (< 50% classic CNV).12 

In early AMD, visual loss is generally mild and asymptomatic, with blurred 

vision, visual scotomas, decreased contrast sensitivity, difficulty adjusting from bright to 

dim lighting, and the need for brighter light or additional magnification to read small 

print.18,19 In late dry AMD, gradual, subtle vision loss with visual scotomas usually 

develops over the course of months to years.27 In late wet AMD, sudden, profound vision 

loss may occur within days to weeks as a result of subretinal hemorrhage or fluid 

accumulation attributable to CNV.20  

Because symptoms of AMD varies from person to person, some patients may not 

notice changes at first.18,19 However, once the first eye is affected, the risk of developing 

AMD in the second eye is substantial. One study reported 23% at 4 years,28 and another 

found 87% within 5 years.29 Therefore, periodic eye exams are important for early 

identification and treatment. Although most patients with advanced AMD do not become 

completely blind, vision loss can drastically reduce a person’s quality of life and is 

associated with severe disability and depression.19  

 

2.3 Pathogenesis  
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The pathogenesis of dry AMD is not well understood. Several mechanisms have been 

proposed,30-36 but the common hypothesis is that AMD begins with age-related lipoid 

infiltration of the sclera, Bruch’s membrane, and the choroidal vessels.37 This filtration 

results in reduced compliance of the sclera, Bruch’s membrane, and the choroidal vessels, 

leading to increased resistance to the blood flow in the choroidal vessels.37 The increased 

resistance to the blood flow causes decreased choroidal perfusion, and decreased 

choroidal perfusion may impair RPE metabolism, resulting in RPE atrophy, which is a 

classic sign of dry AMD.37  

The development of wet AMD is better understood. In 1948, Michaelson 

hypothesized that a diffusible “Factor X” from the retina stimulated the retinal and iris 

neovascularization in diabetic retinopathy.38 Michaelson’s “Factor X” was later identified 

as vascular endothelial growth factor (VEGF) and confirmed to play an important in role 

in angiogenesis.39,40 It was also believed in 1996 that an angiogenic switch controls the 

process of new blood vessel growth and that this switch could be activated by either 

increasing the level of inducers or reducing the level of inhibitors.41 To date, several 

isoforms of VEGF have been identified,42 but VEGF-A is most strongly associated with 

angiogenesis and is the target of most anti-VEGF agents.43 

 

2.4 Diagnosis 

The presence of AMD is usually detected in routine eye exams. Patients may complain of 

an initial deterioration of central vision, such as difficulty reading fine print.44,45 

Symptoms indicative of AMD should prompt a comprehensive eye exam as well as a 
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stereo biomicroscopic exam of the macula.44,45 Medications and nutritional supplements, 

ocular history, medical history, family history of AMD, and smoking history should also 

be evaluated.44,45  

In dry AMD, drusen are usually visible, and patches of geographic atrophy may 

be evident as areas of increased or decreased pigmentation.44,45 Several imaging 

techniques may be used to evaluate GA.46 In wet AMD, central visual blurring and 

distortion are common symptoms.44,45 Evaluation of the macula may reveal an exudative 

lesion along with drusen and pigmentary abnormalities.44,45 Subretinal fluid, serous 

detachment, pigment epithelial detachment (PED), and hemorrhage may also appear.  

Additional imaging techniques may also be used to facilitate diagnosis. 

Fluorescein angiography (FA) uses a dye to show leakage from the RPE and retinal blood 

vessels.47 It can determine fluorescein flowing through the choroid and retinal vessels as 

well as any abnormal choroidal circulation.47 OCT is an imaging technique for producing 

high-resolution cross-sectional images of the retina.48 It uses light instead of sound and 

can be used to identify the presence of retinal edema and/or subretinal fluid.48 Fundus 

autofluorescence is a relatively new technique that generates images based on the 

distribution of lipofuscin, a fluorescent pigment.49 This method has shown to be simple, 

efficient, and noninvasive.49 

 

2.5 Epidemiology  

In the US, prevalence of AMD has been reported in population-based studies: the 

National Health and Nutrition Examination Survey (NHANES),50,51 the Framingham Eye 
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Study,52 the Chesapeake Bay Watermen Study,53 the Beaver Dam Eye Study,21,54-56 the 

Baltimore Eye Survey,57 and the Salisbury Eye Evaluation Project.58 Outside the US, 

studies include the Rotterdam Study in The Netherlands,59 the Blue Mountains Study in 

Australia,60,61 and a study in rural southern Italy.62 This list is by no means exhaustive. 

The overall prevalence of wet AMD and/or GA in the US population aged 40 

years and older was estimated to be 1.47% (95% confidence interval [CI] 1.38-1.55).2 In 

the Beaver Dam Eye Study (n = 4,771), the prevalence of early AMD was 15.6% and 

1.6% for late AMD.54 There was a significant increased prevalence of AMD with age (P 

< 0.001). Individuals 75 years of age or older had higher prevalence of early AMD 

(15.6% vs. 8.4%) and late AMD (7.1% vs. 0.1%) than people 43 to 54 years of age.  

Studies conducted outside the US have found similar rates. The Rotterdam Study 

in The Netherlands reviewed fundus photographs of 6,251 participants 55 to 98 years of 

age for drusen, pigmentary abnormalities, and atrophic or neovascular AMD.59 Atrophic 

or neovascular AMD was present in 1.7% of the population. Similarly, in a door-to-door 

census of two postcode areas west of Sydney, Australia, late AMD was present in 1.9% 

of all non-institutionalized residents 49 years of age or older.60  

Few studies have examined the incidence of AMD. The Framingham Eye Study 

estimated the 5-year incidence rate of AMD and found 2.5%, 6.7%, and 10.8% for 

individuals 65, 70, and 75 years of age, respectively.52 In the Beaver Dam Eye Study, the 

5-year incidence rate of early AMD increased from 3.9% in persons 43 to 54 years of age 

to 22.8% in those 75 years of age or older, and the rate of late AMD increased from 0.0% 

to 5.4%, respectively.21 In the Visual Impairment Project, the 5-year incidence rate of 
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AMD was 0.49% (95% CI 0.2-0.8) and of early AMD was 17.3% (95% CI 8.7-26.0).63 

For those aged 60 years and younger, 60 to 69, 70 to 79, and 80 years of age and older at 

baseline, the rate of early AMD was 13%, 22.7%, 29.8%, and 20%, and of late AMD was 

0%, 0.69%, 1.7%, and 6.3%, respectively. 

 

2.6 Risk Factors  

Multiple risk factors for AMD have been identified, but the evidence and strength of 

association is inconsistent. According to a meta-analysis, increasing age, current cigarette 

smoking, previous cataract surgery, and a family history of AMD showed strong and 

consistent association with late AMD; higher body mass index, history of cardiovascular 

disease, hypertension, and higher plasma fibrinogen showed moderate and consistent 

associations; and gender, race or ethnicity, diabetes, iris color, history of cerebrovascular 

disease, and serum total and high-density lipoprotein (HDL) cholesterol and triglyceride 

levels showed weak and inconsistent associations.64  

Increasing age is the most consistent risk factor for AMD.21,54-56 For example, in 

the Beaver Dam Eye study, persons 75 years of age or older had significantly higher 

frequencies of larger sized drusen (> 125 µm, 24.0% vs. 1.9%), soft indistinct drusen 

(23.0% vs. 2.1%), retinal pigment abnormalities (26.6% vs. 7.3%), exudative macular 

degeneration (5.2% vs. 0.1%), and GA (2.1% vs. 0%) than those 43 to 54 years of age.54  

Female gender has been shown to correlate with AMD in some but not all 

studies.21,65,66 Pooled estimates from the Beaver Dam Eye Study, the Rotterdam Study, 

and the Blue Mountains Eye Study showed a significant increase in AMD prevalence 
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among females compared with males.66 The odds ratio (OR) was 1.15 (95% CI 1.10-

1.21), suggesting that females may have a higher risk of AMD than males. However, 

another combined analysis found no significant gender differences in the prevalence of 

neovascular AMD or GA (OR 0.95, 95% CI 0.70-1.28 for male).65  

The prevalence of AMD varies with race/ethnicity. In the Baltimore Eye Survey, 

large drusen were more common among older whites (15% for whites vs. 9% for blacks 

over 70 years of age).57 Pigmentary abnormalities were also more common among older 

whites (7.9% for whites vs. 0.4% for blacks over 70 years of age). The prevalence of 

AMD was 2.1% among whites over 70 years of age but 0% for blacks in the same age 

group. However, according to the NHANES III from 1988 to 1994, rates of AMD were 

not significantly different among non-Hispanic whites, non-Hispanic blacks, and 

Mexican-Americans.67  

Hypertension has been associated with AMD in some but not all studies. Data 

from the 10-year Beaver Dam Eye Study showed that when other factors were taken into 

account, persons with previously diagnosed, treated, and controlled hypertension were 

twice as likely (and persons with treated and uncontrolled hypertension were three times 

as likely) to develop wet AMD than persons who were normotensive at baseline.68 A 

meta-analysis found inconsistent ORs in studies testing association of hypertension and 

AMD, but there was a statistically significant OR (1.48, 95% CI 1.22-1.78) when studies 

were pooled.64 

Cardiovascular diseases may be a risk factor for AMD. Some studies found no 

association between history of cardiovascular disease and AMD.68,69 Others showed that 
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people with AMD may be at increased risk of coronary heart disease,70,71 stroke,72 and 

cardiovascular mortality.73,74 In one study, wet AMD was positively associated with 

dietary cholesterol and HDL cholesterol, but no associations of either AMD type for 

other cardiovascular diseases, total serum cholesterol, triglycerides, or low-density 

lipoprotein (LDL) cholesterol were found.75 A meta-analysis found a significant 

association when studies were pooled (OR 2.20, 95% CI 1.49-3.26).64 

Diabetes has been hypothesized to increase the risk of AMD. Although data from 

several studies failed to find this association,68,76,77 the Age-Related Eye Disease Study 

showed that the incidence of wet AMD was associated with diabetes (OR 1.88, 95% CI 

1.07-3.31) in persons at risk of developing late AMD in one eye.78 Similarly, in the 

EUREYE study, persons with wet AMD were significantly more likely to have diabetes 

(OR 1.81, 95% CI 1.10-2.98), but there was no association between early AMD and 

diabetes.79 A meta-analysis found an association of diabetes with late AMD when four 

prospective cohort studies were included.64 

Cigarette smoking is the only risk factor for AMD other than age that has been 

consistently identified in the literature.80-83 In the Beaver Dam Eye Study, men who 

smoked more cigarettes were more likely to develop early AMD (OR per 10 pack-years 

smoked 1.06, 95% CI 1.00-1.12, P = 0.06) than men who had smoked less, but this 

association was not seen in women.81 Another study examining elderly male twins found 

that current smokers had a 1.9-fold increased risk (95% CI 0.99-3.68, P = 0.06) of AMD, 

whereas past smokers had a 1.7-fold increased risk (95% CI 1.2-2.6 P = 0.009).84 

However, the mechanism underlying this association is not clear. 
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 The role of genetics in AMD has been supported by many studies.85-87 Although 

specific genes causing AMD are unknown, multiple genetic variants have been 

reported.88 Recent data suggest that the variants at chromosome 1q32 and 10q26 account 

for a large part of the genetic risk for AMD.89 Susceptibility variants at other loci may 

also have a substantial cumulative impact on the genetic risk.89 Future pharmacogenomic 

studies will be an indispensable tool in predicting and improving drug response, with the 

ultimate goal of personalized medicine to provide better treatment outcomes. 

Ocular factors such as iris color,90,91 cataract surgery,92-94 and hyperopia95,96 have 

shown inconsistent results. For example, in the Beaver Dam Eye Study, cataract surgery 

before baseline was associated with a four-fold increase in the incidence of wet AMD and 

a three-fold increase in the incidence of geographic atrophy at the 10-year follow-up.93 

However, the Australian Cataract Surgery and Age-related Macular Degeneration Study 

showed no increased risk of developing late AMD, early AMD, or soft/reticular drusen 

over 3 years in patients with operated eyes.94 The relationship between cataract and 

cataract surgery with AMD remains inconsistent.  

 

2.7 Treatment  

Dry AMD typically progresses slower than wet AMD and is often less threatening to 

vision. However, there is no proven effective treatment for dry AMD. Treatments for wet 

AMD exist and include antioxidant vitamins, lifestyle changes, laser photocoagulation, 

photodynamic therapy (PDT), and intravitreal injections of anti-VEGF agents.  
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Antioxidant vitamins have been hypothesized to limit the damage caused by 

oxidative stress in the macula. In the Age-Related Eye Disease Study, the use of a daily 

antioxidant supplement (vitamin C, vitamin E, beta-carotene, zinc oxide, and cupric 

oxide) reduced the development of late AMD by 25% over 5 years.97 However, such 

supplements may not be appropriate for all patients. A meta-analysis found that beta-

carotene was significantly associated with an increased risk of lung cancer, particularly in 

smokers.98 Although beta-carotene could be substituted for lutein and zeaxanthin, such 

supplement did not further reduce the risk of progression to late AMD.99  

 Some patients should make lifestyle and dietary changes. For example, cigarette 

smoking is likely to have toxic effects on the retina, although smokers may not be aware 

of their increased risk for visual loss.100 One study found that people who had stopped 

smoking more than 20 years earlier are no longer at increased risk for AMD.101 High 

dietary intake of fat, unhealthy weight, and elevated blood pressure is another area of 

concern. Studies have shown that high intake of omega-3 long-chain polyunsaturated 

fatty acids and fish is associated with decreased likelihood of having AMD.102,103 Public 

health interventions are needed to target these modifiable behavioral risk factors. 

  Laser photocoagulation is a type of laser surgery that uses intense laser beams to 

coagulate the abnormal choroidal neovascular membrane. Although early clinical trials 

suggested that laser photocoagulation significantly improves visual acuity,104,105 later 

studies showed increased rates of CNV105,106 or no benefit.107 A Cochrane systematic 

review of nine randomized controlled trials found no evidence that laser 
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photocoagulation of drusen reduces the risk of developing CNV, GA, or visual acuity 

loss.108 Thus, laser treatment of CNV is usually not recommended.109 

 PDT involves intravenous injection of verteporfin (a light-sensitive dye), which 

accumulates in the abnormal blood vessels under the macula. A photoactive laser is then 

applied to the eye to activate the dye, resulting in thrombosis of the abnormal blood 

vessels. PDT has been shown to safely reduce the risk of vision loss, although CNV 

recurrences are common.110 In two multicenter, randomized controlled trials, visual 

outcomes were better in the verteporfin-treated eyes than in the placebo-treated eyes at 

month 12,111 with relatively stable vision outcomes over 3 years.112 There were also no 

safety concerns to repeat PDT with verteporfin.112 

 Antiangiogenic therapy involves delivery of anti-VEGF agents directly into the 

eye.113 This procedure is usually performed in the physician’s office. Although rare, 

intravitreal injections can lead to serious adverse events, such as endophthalmitis, retinal 

detachment, intraocular hemorrhage, increased intraocular pressure, and anaphylaxis.114 

Currently, there are four anti-VEGF agents available on the market: pegaptanib 

(Macugen®, Valeant), ranibizumab (Lucentis®, Genentech), bevacizumab (Avastin®, 

Genentech), and aflibercept (Eylea®, Regeneron). Pegaptanib was the first anti-VEGF 

agent approved for the treatment of wet AMD. Although pegaptanib established efficacy 

in clinical trials compared to placebo, the agent is now rarely used because it was shown 

to be less effective than ranibizumab.5 

Ranibizumab is a recombinant humanized monoclonal antibody fragment that 

inhibits VEGF. The recommended dose for ranibizumab is 0.5 mg by intravitreal 
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injection once a month (approximately 28 days).115 Although less effective, treatment 

with ranibizumab may be reduced to three monthly doses followed by less frequent 

dosing or one dose every 3 months after four monthly doses if monthly injections are not 

possible. However, continued monthly dosing leads to greater benefit over less frequent 

dosing, so patients are advised to have regular monitoring.  

 Bevacizumab is the parent molecule from which ranibizumab is derived. There is 

no recommended schedule for bevacizumab in wet AMD because the agent was approved 

for colorectal cancer. However, bevacizumab costs considerably less than ranibizumab 

when administered intravitreally ($50 vs. $1,950 per dose), so the agent has been widely 

used off-label in the US.6 In most EU countries, reimbursement for bevacizumab has 

been difficult due to off-label legislation.116 Nonetheless, current guidelines consider 

bevacizumab as a possible therapeutic option for treating AMD, as long as patients are 

informed of its off-label status and provide their consent.44,45  

Aflibercept is a recombinant fusion protein that competes for binding of VEGF.117 

The recommended dose for aflibercept is 2 mg by intravitreal injection every month for 

the first 3 months followed once every 2 months.117 In two clinical trials, 2,419 patients 

with wet AMD were randomized to aflibercept 0.5 mg monthly, 2 mg monthly, 2 mg 

every 2 months after three initial doses, or ranibizumab 0.5 mg monthly.7,8 All aflibercept 

groups were non-inferior (margin of 10%) to monthly ranibizumab for improving visual 

acuity. At a wholesale cost of $1,850 per dose, aflibercept costs slightly lower than 

ranibizumab and may require less frequent dosing.118  
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2.8 Burden  

Blindness and visual impairment can have severe cost consequences. In an on 

observational study carried out in two French centers, Bonastre et al. estimated the 

medical and non-medical costs of AMD from the payer’s perspective in 105 patients.119 

They found that the average length of disease progression was 3.5 years. Patients had a 

mean of 2.6 visits to the ophthalmologist during a 3-month period, 30% of patients used 

vascular medications, and 72.4% had been previously treated by laser photocoagulation. 

Only 10% had benefited from visual rehabilitation. Annual AMD cost per patient was 

EUR 3,660.29 (95% CI 2,881.92-4,438.62), and half of these costs were medical 

expenses. Other major cost components were home help costs EUR 904.01 (95% CI 

478.88-1,330.94) and transport costs for care EUR 542.73 (95% CI 146.31-939.14). Not 

surprisingly, non-medical costs were significantly higher for patients with more severe 

disease.  

Another study surveyed the health care costs of bilateral wet AMD from the 

societal perspective.120 In the 12 months prior to the survey, 12-22% of patients fell, and 

half of these patients required medical treatments. More than 20% of patients (range 21-

59%) prescribed vision-enhancing equipment; more than half (range 54-81%) lived with 

a spouse or family member; and 19-41% received assistance for activities of daily living. 

The average annual societal cost per bilateral wet AMD patient treated was estimated to 

be €7,879 in Canada, €7,349 in France, €12,445 in Germany, €5,732 in Spain, and €5,300 

in the UK. Direct vision-related medical costs accounted for 23-63% of the total cost. 

Half of the patients were diagnosed with bilateral wet AMD for less than 1 year, with an 
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average of 5 months. Estimated annual societal costs of bilateral wet AMD patients in 

these countries ranged from €268 to €1,311 million, with costs of all wet AMD patients 

nearly tripled (€671 to €3,278 million).  

Quality of life loss and the financial consequences associated with AMD have 

also been substantial. A time trade-off utility analysis suggested that mild AMD (20/20 to 

20/40 vision in the better-seeing eye) caused a 17% decrease in the average patient’s 

quality of life, similar to that encountered with moderate cardiac angina or symptomatic 

human immunodeficiency virus syndrome.121 Moderate AMD (20/50 to 20/100) caused a 

32% decrease in the average patient’s quality of life, similar to that associated with 

severe cardiac angina or a fractured hip. Severe AMD (< 20/200) caused a 53% decrease 

in quality, more than that of dialysis, and very severe AMD (< 20/800) caused a 60% 

decrease in the average patient’s quality, similar to that encountered with end-stage 

prostate cancer or a catastrophic stroke that leaves a person bedridden, incontinent, and 

requiring constant nursing care. Based on losses to the gross domestic product, AMD had 

an estimated $30 billion annual negative impact.  

Soubrane et al. described the burden of bilateral wet AMD on patient-reported 

functioning and health resource utilization in five countries (Canada, France, Germany, 

Spain, and the UK).122 They found that patients reported 45% worse vision-related 

functioning on the National Eye Institute 25-Item Visual Function Questionnaire (NEI 

VFQ-25), 13% worse overall wellbeing on the EuroQol, and 30% more anxiety and 42% 

more depression symptoms on the Hospital Anxiety and Depression Scale (P < 0.001). 

The effect of wet AMD was also observed as a double fall rate (16% vs. 8%, P < 0.001) 
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and a quadrupled need for assistance with daily activities (29% vs. 7%, P < 0.001) in 

patients compared with controls. 

Treatment with anti-VEGF therapy poses a significant burden on both the patients 

and the healthcare system.123,124 In a recent study, Hutton et al. showed that the use of 

ranibizumab and bevacizumab accounts for roughly one-sixth of the Medicare Part B 

drug budget.125 The authors argued that the two drugs have similar efficacy and 

potentially minor differences in safety, but ranibizumab costs 40 times more than 

bevacizumab. If patients were switched to bevacizumab from ranibizumab, savings 

would amount to $18 billion for Medicare Part B and $5 billion for patients. With an 

additional $6 billion savings in other health care expenses, total savings would be nearly 

$29 billion. As the population ages, the number of affected individuals will continue to 

rise, and treatment costs will continue to grow. Encouraging alternative therapy may 

reduce spending in the future, but for now, ranibizumab is priced at $1,950 per dose,126 

bevacizumab at $50 per dose,126 and aflibercept at $1,850 per dose.118  

 

2.9 Treatment Response 

Since the introduction of anti-VEGF therapy, the cases of blindness and visual 

impairment have decreased substantially. 9,10 Despite this, anti-VEGF therapy is not 

effective in all patients, and some still lose their vision after treatment. To date, it is 

unclear why this happens. Adding to this dilemma, clearly defined criteria have not been 

published, resulting in inconsistencies between inclusion criteria and measurement 

techniques that limit the comparability of results between studies (TABLE 2).  
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Lux et al. determined the characteristics of non-responders to bevacizumab 

treatment in CNV. In their study, 43 patients (44 eyes) with visual loss due to wet AMD 

underwent injections of 1.25 mg bevacizumab and were followed up every 4 weeks for 2, 

3, or 6 months.15 Reinjection was performed when persistent leakage of the CNV was 

determined by FA, and retinal edema was assessed by OCT. Non-responders were 

defined as those patients having reduced or stable visual acuity at the last follow-up. Of 

the patients treated, 45% were identified as non-responders, and the initial CNV size was 

significantly larger in the non-responders than in the responders. Although the proportion 

of non-responders to responders in the different lesion type groups was equally 

distributed, only patients with the classic type of CNV responded better.  

Menghini et al. conducted a retrospective data analysis of all eyes treated for wet 

AMD for at least 12 months.127 The courses of visual acuity between the 90th (good 

responders) and the 10th (bad responders) percentiles were compared at 3, 12, and 24 

months from baseline. Marked differences in the course of visual acuity between good 

responders (n = 30) and bad responders (n = 30) were observed at 3 months. In good 

responders, visual acuity gains after 3, 12, and 24 months were 15.7+ 9 Early Treatment 

Diabetic Retinopathy Study (ETDRS) letters, 25.3 + 7, and 14.0 + 14. Bad responders 

showed a deterioration of 8.3 + 11 ETDRS letters after 3 months, 22.1 + 8 after 12 

months, and 23.6 + 13 after 24 months. The baseline visual acuity was statistically 

significant lower in good responders (45.7 + 10 vs. 55.4 + 11, P < 0.05) than in bad 

responders.  
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Hariprasad et al. examined temporal patterns of visual acuity response to pooled 

0.3 mg/0.5 mg ranibizumab treatment in patients with wet AMD using data from four 

phase III clinical trials.128 Patients who gained > 15 letters from baseline at month 3 were 

defined as early 15-letter responders, and patients who did not gain > 15 letters from 

baseline at month 3 but gained > 15 letters from baseline at month 12 were defined as 

delayed 15-letter responders. At month 3, 14.9% to 29.4% of patients had gained > 15 

letters. At month 12, there were more delayed 15-letter responders in continued monthly 

dosing (14.7-16.1%) than with less frequent dosing (5.0-6.0%). Early 15-letter responders 

also had lower baseline mean visual acuity than delayed 15-letter responders. 

In a retrospective review of 267 wet AMD patients treated with intravitreal anti-

VEGF injections (ranibizumab or bevacizumab), a patient was considered non-responsive 

if he/she showed stationary or increased intraretinal or subretinal exudation, despite more 

than three repeated injections, even if an initial partial response could be observed 

temporarily.129 Of the patients reviewed, 7.5% were refractory to anti-VEGF injections, 

grouped into either the extensive intraretinal fluid group or the subretinal fluid group 

based on OCT findings. In the intraretinal group, response rates to subsequent treatment 

were 0% for bevacizumab, 50% for ranibizumab, and 50% for PDT + anti-VEGF. In the 

subretinal fluid group, response rates were lower with 0% for bevacizumab, 22.2% for 

ranibizumab, and 28.6% for PDT + anti-VEGF. The visual outcome was worse in the 

intraretinal fluid group than in the subretinal fluid group, although both groups had a 

substantial portion of those who did not respond. 
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Kang et al. analyzed a total of 40 eyes of 37 patients who completed 6-month 

follow-up after 3 monthly ranibizumab injections for wet AMD.130 Data were retrieved 

from medical records, and included best-corrected visual acuity (BCVA). Subfoveal 

choroidal thickness was measured at baseline, 3 months, and 6 months by enhanced depth 

imaging OCT. Responders were defined as a > 100 µm decrease or complete resolution 

of subretinal fluid, whereas non-responders were defined as changes < 100 µm or > 100 

µm increase of subretinal fluid by OCT. Eighteen eyes (45.0%) were considered to be 

non-responders. The responder group had thicker subfoveal choroid (257.2 + 08.3 µm) 

and smaller lesions (1.3 + 0.8 µm) at baseline than the non-responder group (167.1 + 

62.41 µm, P = 0.003; and 2.0 + 1.0 µm, P = 0.008). The responder group also had 

significantly better BCVA and thicker subfoveal choroid than the non-responder group at 

3 months and 6 months. The authors suggest that subfoveal choroidal thickness may be 

predictive for visual outcome and treatment response in exudative AMD after 

ranibizumab injections. 

Suzuki et al. reviewed medical charts of 141 eyes in 141 wet AMD patients, who 

received monthly ranibizumab for 3 months and thereafter as-needed injections for 9 

months as the first treatment for AMD.131 Patients whose BCVA worsened at month 12 

(and those with increased exudative fundus findings after ranibizumab, or an increased 

central retinal thickness of > 100 μm at month 12) were considered to be non-responders 

as judged by BCVA (and fundus findings), respectively. Logistic regression models were 

used to analyze non-responders’ initial characteristics. Of the patients reviewed, 14.9% of 

eyes were non-responders as judged by BCVA, and 17.0% were non-responders as 
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judged by fundus findings. Initial fibrovascular PED (OR 22.9, 95% CI 2.61-201) and 

serous PED (OR 4.12, 95% CI 1.08-15.8) were associated with non-response as judged 

by BCVA. Initial fibrovascular PED (OR 33.5, 95% CI 2.95-381) and type 1 CNV (OR 

6.46, 95% CI 1.39-30.0) were associated with non-response as judged by fundus findings.  

Using pooled data from the randomized controlled trials of aflibercept or 

ranibizumab, Lanzetta et al. identified characteristics associated with measures of 

suboptimal response to anti-VEGF therapy in patients with wet AMD.132 Response 

variables included change in visual acuity and fluid status at weeks 52 and 96. Stepwise 

logistic regression was used for categorical target variables (e.g., > 3-line loss, fluid 

status wet), and generalized linear modeling was used for continuous target variables 

(e.g., change in visual acuity from baseline to week 52). Suboptimal response was 

defined as a > 3-line loss from baseline to week 52, a > 3-line loss from baseline to week 

96, and VA worse than 20/200 at week 96, and wet fluid status. Variables significantly 

associated with suboptimal visual acuity response included age, visual acuity at baseline, 

lesion size at baseline, and lesion size change from baseline to endpoint. Variables 

significantly associated with suboptimal fluid response included week 12 fluid status, 

treatment, lesion size at baseline, lesion size change from baseline to endpoint, and 

central retinal thickness.   

Korb et al. conducted a retrospective analysis to identify risk factors for being a 

reduced responder to ranibizumab in a clinical setting in patients with wet AMD.133 

Patients (n = 165) with CNV secondary to wet AMD were treated with 3 intravitreal 

injections of ranibizumab, followed by as-needed dosing thereafter. All patients were 
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evaluated every 4 weeks, and then followed for 6 months. Reduced responders were 

defined as patients with a loss in visual acuity of at least 1-line at the last follow-up 

and/or persistent intraretinal or subretinal fluid or detectable CNV at the last follow-up 

compared to baseline. Overall, 35.2% of eyes were considered to be reduced responders 

at the end of follow-up. The initial CNV size at baseline was correlated with the risk of 

being a reduced responder at the end of follow-up. The authors suggested that patients 

with a large initial lesion size should be informed about the possible poorer response to 

treatment, but the exact size was not given.  

 

2.10 Latent Class Models 

Latent class (LC) models were first introduced by Lazarsfeld and Henry134 in the 1960s 

and later formalized by Goodman.135,136 Since then, LC models have been extended to 

include variables of mixed scale type (nominal, ordinal, continuous and counts). The 

most common use of this method is for identifying a set of unobserved (latent) groups 

(classes) of individuals based on their responses to a set of observed categorical variables. 

For example, Dunn et al. identified four groups of back pain—persistent mild, 

recovering, fluctuating, and severe chronic—in a sample of 342 primary care low back 

pain consulters.137 Hastings et al. identified five groups of health care use—low users, ED 

to supplement primary care provider users, specialist heavy users, high users, and ED and 

hospital as substitution care users—in a sample of older patients treated and released 

from an academic medical center emergency department.138  
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Compared to traditional clustering methods that are established on distance-based 

procedures (e.g., squared Euclidean distance), LC models utilize a probabilistic-based 

approach.139,140 This means that although each individual is assumed to belong to one 

group, LC models take into account that there is uncertainty about an individual’s class 

membership and assigns individuals to groups based on their posterior class membership 

probabilities. These probabilities are estimated from the model parameters and the 

individuals’ empirical data. To put it another way, LC models create groups of 

individuals that have something in common that may not be readily apparent and that 

must be identified later on. Once the number of latent classes emerges from the analysis, 

the resulting typology can be used to examine the variables that predict class 

membership. 

But why use a model that assumes a categorical latent variable as opposed to one 

that assumes a continuous latent variable? One reason for this is to organize a complex 

data set into smaller data sets so that valid meaning can be drawn.139 For example, say we 

want to identify potential groups among patients with low back pain. The empirical data 

may be too large and complex for the groups to be separated and unmixed. In such a case, 

LC models can be used to identify meaningfully homogenous groups. Another reason for 

selecting LC models is that a phenomenon is inherently categorical and therefore must be 

modeled in such a way.139 It is certainly debatable as to whether a phenomenon is 

inherently continuous or categorical, but for the purpose of this study we considered 

response to have categorical attributes, partly because a categorical latent variable can 

provide some practical benefits for physicians and researchers in the real world, as they 
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often need to make immediate decisions about whether a patient responds to the 

prescribed therapy.  

 

Model and Notation 

There are two types of model parameters: latent class probabilities and conditional item 

probabilities.139,140 The latent class probabilities represent the probability of membership 

in each class or the relative size of each class. Because the latent classes are assumed to 

be mutually exclusive, they sum to 1. The conditional item probabilities are specific to a 

particular class and provide information about the probability of choosing a response 

category to an indicator. Within each class, the probabilities of observed responses to an 

indicator sum to 1.  

For example, suppose a group of children are given two math problems to solve, 

and each of the math problems can be passed or failed.139 Let us also suppose that there 

are two latent classes: Below Grade Level and At Grade Level. Children in the Below 

Grade Level latent class do not have the necessary skills to solve the math problems, and 

thus are more likely to fail both problems. However, those in the At Grade Level latent 

class have the required skills, and thus are more likely to pass both problems. TABLE 1 

shows the latent class probabilities and conditional item probabilities. In this hypothetical 

example, 0.3 and 0.7 are the latent class probabilities, and 0.8 and 0.2 are the conditional 

item probabilities for each math problem in the Below Grade Level latent class. 

There are various types of latent class models. The most general form of the 

traditional LC model for categorical indicators is expressed below.141 Let X represent the 
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latent variable, and Yl represent one of the L indicators, where l = 1, 2, …, L. Let C 

represent the number of latent classes, and Dl represent the number of levels of Yl. Let Y 

refer to the entire set of responses, and y refer to a particular set of responses. A 

particular latent class model can be expressed by the index x, x = 1, 2, …, C, and a 

particular value of Yl by yl, yl = 1, 2, …, Dl. The probability of obtaining a particular set 

of responses y, P(Y = y), can be written as follows: 

 

 

 

Here, P(X = x) represents the probability of membership in latent class x. We can 

incorporate the assumption of local independence, such that L indicators are independent 

within each latent class, and write the probability of observing a particular set of 

responses y conditional on class membership as follows: 

 

 

 

Combining the two equations above, we have the following model for P(Y = y): 

 

 



 

 42

Parameter Estimation 

There are two methods for estimating the parameters of the LC model: Expectation-

Maximization and Newton-Raphson algorithms, both of which are estimated by 

maximum likelihood.139,140 The algorithms begin with a set of starting values and proceed 

with a series of iterations to estimate the parameters until some pre-specified criterion is 

reached. The stopping rule is usually defined by a convergence criterion; that is, when 

each additional iteration in the parameter estimation begins to approach some pre-

specified small change, the procedure stops. 

 

Model Selection 

There is no definitive method for determining the optimal number of clusters in a LC 

model. Thus, multiple criteria need to be considered to select the “best” model.  

First, the absolute fit of the model needs to be assessed. Absolute model fit refers 

to whether a specified latent class model provides an adequate representation of the data 

without reference to competing models.139,140 To test absolute model fit, one should 

evaluate the likelihood ratio chi-square statistic (L2), that is, how well a latent class model 

fits the observed data. The smaller the L2, the better the model fit, and a P value can be 

calculated to assess the goodness-of-fit. The “best” model gives an adequate fit (P > 0.05) 

and is most parsimonious (fewest number of parameters). However, when data are sparse, 

the chi-square distribution should not be used to determine the P value, and bootstrap P 

values should be used instead.142 Bootstrap P values relax the assumption that the L2 

follows a chi-square distribution and provide a more precise estimate. 
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Then, the relative fit of the model needs to be assessed. Relative model fit refers 

to comparing model fit and parsimony when choosing between competing models.139,140 

A common approach to assessing relative model fit involves comparing information 

criteria. The Akaike information criterion (AIC) and the Bayesian information criterion 

(BIC) are best known for comparing competing models. There are also other information 

criteria, including the Akaike information criterion 3 (AIC3) and the consistent AIC 

(CAIC). These criteria are called penalized fit statistics because they impose a penalty on 

the L2. The penalty is a function of the number of parameters estimated in the model and 

in some cases a function of the sample size. In other words, information criteria penalize 

more complex models for the number of parameters using different constants for model 

penalty, and the “best” model gives the minimum information criterion (i.e., value closest 

to zero).  

Lastly, the proportion of misclassified patients should be reported. The closer to 

zero it is, the better is the model fit. Bootstrap -2LL Diff statistics and P values should 

also be stated to assess whether a less restrictive model (e.g., one containing more 

classes) provides a significant improvement in fit over a more restrictive model.   
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CHAPTER 3 

METHODS 

 

3.1 Design 

This study was based on existing data from a prospective, observational, multicenter, 

open-label trial of 0.5 mg of ranibizumab administered by intravitreal injection in 267 

patients with wet AMD seen in 15 eye centers in Belgium and followed over 24 months, 

the HELIOS.143 The HELIOS was designed to assess practice patterns, clinical and 

quality of life outcomes, as well as safety, in the real-world clinical setting. The trial was 

conducted in accordance with the ethical principles laid down in the Declaration of 

Helsinki as subsequently amended. The protocol was reviewed and approved by the 

medical ethics committee at each participating center. Patients were only entered into the 

trial if they or their legal guardian had provided written informed consent. The University 

of Arizona Institutional Review Board approved this study. 

 

3.2 Patients 

Patients included were those for whom the treating physician decided, in his/her best 

clinical judgment, to prescribe ranibizumab in accordance with the product label and 

Belgian reimbursement criteria. Treatment decisions were left to the discretion of the 

prescribing physician. At the time of the study, the treatment recommendations in the 

product label were to deliver ranibizumab as three monthly 0.5 mg intravitreal loading 

injections, followed by a maintenance phase consisted of monthly visual acuity 



 

 45

monitoring. Retreatment was warranted if visual acuity declined by more than 5 ETDRS 

letters or by 1 Snellen line equivalent (see Csaky et al.13 for details on visual parameters). 

The product label specifies a minimum of 1 month between injections, during which no 

medication was provided to patients. 

Eligible patients were consenting male and female adults, with either a new or 

prior diagnosis of wet AMD, who were prescribed treatment with ranibizumab. Patients 

with a prior diagnosis had to show evidence of recent disease prognosis, but they may or 

may not have received prior treatment. Excluded patients were those concurrently 

participating in a controlled or observational clinical trial of other investigational drugs. 

Patients may have been receiving other medications, or undergoing other medical or 

surgical treatments during the study, which may have been discontinued or continued 

during the study period. Patients were screened, recruited, and consented by their treating 

physician.  

 

3.3 Data Collection 

Data collection was intended to be ad hoc at each routine patient visit. Physicians were 

asked to include follow-up visits at 6 months, 12 months, and 24 months after treatment 

from baseline. There was also a clinical follow-up visit at 2.5 + 1 months to coincide with 

the end of the loading phase of ranibizumab. Only data available from routine clinical 

practice were collected. There were no mandatory assessments, laboratory tests, or other 

evaluations. All patients treated with ranibizumab at baseline were followed regardless of 

interruption or discontinuation of treatment. Visual acuity data were collected by means 
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of the ETDRS chart. However, if the ETDRS chart was not available at the study site, the 

Snellen chart was used instead, and scores were converted using an ETDRS and Snellen 

equivalency chart. For patients who require treatment in both eyes, data from the worse 

eye were analyzed.  

 

3.4 Measures 

Three types of variable measures were used in the LCGA: (1) indicator (dependent 

variable), (2) predictors, and (3) covariates. 

 

Indicator 

The indicator is used directly in the estimation process to define the latent classes. The 

following indicator was selected: 

• An ordinal variable documenting change in visual acuity (as measured by 

ETDRS change from baseline) at each follow-up visit (month 3, 6, 12, and 24): 

o Bad (-15 letters < difference) = 1 

o Stabilization (-15 letters < difference <0 letters) = 2 

o Improvement (0 letters < difference <15 letters) = 3 

o Large improvement (15 letters < difference) = 4. 

 

Predictors 
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The predictors are used to predict the repeatedly observed indicator. In other words, the 

value of a predictor may change across replications of a particular patient over time. The 

following predictors were selected: 

• A nominal variable documenting the presence of intraretinal fluid at each follow-

up visit (month 3, 6, 12, and 24):  

o Yes = 1 

o No = 0; 

• A nominal variable documenting the presence of subretinal fluid at each follow-

up visit (month 3, 6, 12, and 24): 

o Yes = 1 

o No = 0; 

• A nominal variable documenting the presence of pigment epithelium tear at each 

follow-up visit (month 3, 6, 12, and 24): 

o Yes = 1 

o No = 0; 

• A nominal variable documenting the presence of active CNV at each follow-up 

visit (month 3, 6, 12, and 24): 

o Yes = 1 

o No = 0; 

• A nominal variable documenting the presence of increase in lesion size at each 

follow-up visit (month 3, 6, 12, and 24): 

o Yes = 1 
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o No = 0; and 

• A nominal variable documenting the presence of new growth of CNV at each 

follow-up visit (month 3, 6, 12, and 24): 

o Yes = 1 

o No = 0. 

 

Covariates 

The covariates are not involved in the estimation process. These variables are used for 

profiling the latent classes and involve demographic and clinical variables (at baseline) as 

well as resource utilization (at month 24). The following covariates were selected: 

1. Age in years, coded as a continuous variable; 

2. Gender, coded as a categorical variable:  

a. Male = 1 

b. Female = 2; 

3. Race, coded as a categorical variable:  

a. White = 1 

b. Other = 2; 

4. Eye involvement, coded as a categorical variable:  

a. One eye = 1 

b. Both eyes = 2; 

5. Occult lesion, coded as a nominal variable: 

a. Yes = 1 
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b. No = 0; 

6. Serous pigment epithelium detachment (PED) lesion, coded as nominal variable: 

a. Yes = 1 

b. No = 0;  

7. Predominantly classic lesion, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

8. Retinal angiomatous proliferation (RAP) lesion, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

9. Minimally classic lesion, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

10. Polypoidal choroidal vasculopathy (PCV) lesion, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

11. Subfoveal CNV location, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

12. Juxtafoveal CNV location, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 
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13. Extrafoveal CNV location, coded as a nominal variable:  

a. Yes = 1 

b. No = 0; 

14. Prior bevacizumab, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

15. Prior photodynamic therapy (PDT), coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

16. Prior ranibizumab, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

17. Prior pegaptanib, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

18. Prior laser photocoagulation, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

19. Prior corticosteroids, coded as a nominal variable: 

a. Yes = 1 

b. No = 0; 

20. Family history of AMD, coded as a nominal variable:  
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a. Yes = 1 

b. No = 0; 

21. Ocular diseases, coded as a nominal variable: 

a. Yes = 1 

b. No = 0 

c. Note: Ocular diseases included vitrectomy, blepharospasm, cataract, 

eyelid surgery, glaucoma, keratitis, retinal tear detachment, chorioretinitis, 

and vitreomacular traction syndrome. 

22. Cardiovascular diseases, coded as a nominal variable: 

a. Yes = 1 

b. No = 0 

c. Note: Cardiovascular diseases included coronary artery disease, 

cerebrovascular disease, peripheral vascular disease, hypertension, 

diabetes, and hyperlipidemia. 

23. Current or former smoker, coded as a nominal variable:  

a. Yes = 1 

b. No = 0;  

24. Total number of ranibizumab, coded as a continuous variable; 

25. Total number of fundus exam, coded as a continuous variable; 

26. Total number of optical coherence tomography (OCT), coded as a variable; 

27. Total number of fluorescein angiography (FA), coded as a continuous variable; 

and 



 

 52

28. Total number of indocyanine green angiography (IGA), coded as a continuous 

variable. 

 

3.5 Statistical Analysis 

There are several statistical software packages that can be used to develop LCGA. For 

this study, we used Latent GOLD 5.0 (Statistical Innovations Inc., Belmont, MA, 

2008).144,145 Specifically, we applied a latent class growth model. The latent class growth 

model includes a K-category latent variable, with each category representing a 

homogenous group.146 The latent class growth model allows each patient to contain 

multiple observations and thus is appropriate for assessing repeated measures data. The 

appropriate model is estimated according to the dependent variable scale type by 

specifying a generalized linear model, where parameters may differ across latent classes. 

The form of the latent class growth model can be expressed as follows: 

 

 

 

where yi is a vector of the indicator variable, zi
pred a vector of predictors, and x represents 

a single nominal latent variable. f (•|•)  denotes conditional density function, and P (•|•) 

conditional probability. yit denotes the value of the dependent variable for patient i at 

replication t, and Ti the total number of replications.  
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LCGA assumes that there exists a certain number of distinct patterns of response 

and that patients can be grouped into a small number of distinct clusters based on their 

response profile over time, with each patient belonging to one cluster.139,140 In other 

words, LCGA aims to obtain the smallest number of clusters that accounts for all the 

associations between the variables. Thus, local independence exists within clusters, 

because the probability of a particular response pattern for any visit is assumed to be 

independent of the response pattern for any other visit within clusters. The posterior 

probability of belonging to each cluster can be obtained for each patient, with patients 

assigned to the cluster for which this probability is the largest (modal assignment). The 

cluster-specific probabilities of having each response pattern for each visit given class 

membership can be used to define the response profiles for patients in each cluster.  

A difficulty in LC modeling is determining the optimal number of clusters. 

Because there is no definitive method for determining the optimal number of clusters in 

LCGA, we relied on multiple criteria to select the “best” model.139,140 One of the most 

common methods is to examine the likelihood ratio chi-square statistic (L2), that is, the 

amount of relation between the latent classes that remains to be explained. The larger the 

L2, the worse the model fit, and a P value can be calculated to assess the goodness-of-

fit.142 However, the chi-squared distribution should not be used to determine the P value 

when data are sparse, and bootstrap P values should be used instead.142 Thus, the optimal 

number of clusters is where the bootstrap P value becomes non-significant at the desired 

significance level (P > 0.05).  
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Other particularly useful methods include comparing information criteria, such as 

the Akaike’s information criterion (AIC), the Bayesian information criterion (BIC), the 

Akaike’s information criterion 3 (AIC3) and the Consistent Akaike’s information 

criterion (CAIC), which take into account the parsimony of the model. These criteria are 

called penalized fit statistics because they impose a penalty on the L2. The penalty is a 

function of the number of parameters estimated in the model and in some cases a function 

of the sample size. In other words, information criteria penalize more complex models for 

the number of parameters using different constants for model penalty. The optimal 

number of clusters occurs when the information criterion value is at its minimum (i.e., 

value closest to zero).  

Latent GOLD uses both the Estimation-Maximization and the Newton-Raphson 

algorithms to estimate the model parameters. A problem that sometimes occurs in LCGA 

is that a local maximum, rather than the global solution, is obtained. To avoid this 

problem, we performed 500 repeated runs using random start values. Because this 

process is data driven, we made no initial assumptions about the number of classes. 

Instead, we fitted latent class models successively, starting with a 1-class model (whereby 

it is assumed that all patients have the same type of response pattern) and then adding 

another cluster for each successive mode. For each cluster, the goodness-of-fit statistics 

and classification error as well as bootstrap -2LL Diff statistics and P values were 

obtained. 

Although patients do not have to have complete data (i.e., data for all 24 months) 

to be included in this study, when patients whose data are missing are included, the 
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overall goodness-of-fit statistics should be interpreted with caution. See APPENDIX 1 

for a summary of the raw data set. For handling missing data, we took multiple 

approaches. First, we performed pairwise correlations between the predictors to 

determine whether a subset could be combined to make the most use of the data 

(APPENDICES 2a-2c). However, all pairwise correlations were weak (< 0.7), leading us 

to not combine any set of predictors. Then, we performed two imputation methods: (1) 

last observation carried forward in the past 90 days (APPENDIX 3), and (2) nearest 

neighbor within 90 days (APPENDIX 4). Based on a comparison of the summary output, 

we selected the nearest neighbor data set for our analyses because it made the most use of 

the data. However, the last observation carried forward data set was analyzed as a 

sensitivity analysis to see if we could derive the same number of cluster models. 

 

3.6 Additional Analyses 

To determine predictors of cluster membership, we specified a multinomial logistic 

regression model. The dependent variable was the cluster status, and the testable 

predictors were the aforementioned covariates. Model fit was determined using standard 

likelihood ratio chi-square tests, while the impact of individual predictors was determined 

by evaluating log-likelihood ratio tests and calculating ORs and 95% CI. To compare 

resource utilization across latent classes, we first plotted the resource variables to 

determine if they were normally distributed. As shown in APPENDICES 5a-5e, most if 

not all of the resource variables were positively skewed. When we stratified the resource 

variable by cluster model, we noticed that the distribution remained positively skewed. 
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Therefore, to compare resource utilization across clusters, we ran bivariate descriptive 

analyses using Kruskal-Wallis test for non-normally distributed continuous variables. For 

pairwise comparisons, we used Mann-Whitney U test for non-normally distributed 

continuous variables. Bonferroni corrections were used whenever multiple pairwise 

comparisons were made. All statistical tests were two-tailed, and a P value of less than 

0.05 was considered statistically significant. All additional statistical analyses were 

performed in R version 3.1.1 (R Foundation for Statistical Computing, Vienna, Austria, 

2014).
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CHAPTER 4 

RESULTS 

 

4.1 Patients 

There were a total of 267 eligible patients enrolled in the HELIOS trial. Twelve patients 

had missing enrollment (baseline) data, and 38 patients had missing ETDRS (dependent 

variable) or predictor data. These patients were excluded, resulting in an evaluable 

sample of 217 patients (TABLE 3).  

Patients were predominantly white (96.8%) and female (61.8%) and had a mean 

age of 78.6 years (SD 6.9 years). A quarter (25.9%) of patients had been diagnosed at 

baseline and half (53.3%) within the past 2 months. The mean visual acuity was 56.8 

ETDRS letters (SD 14.3 letters), and 73.7% of patients had a Snellen visual acuity of > 

20/200. One-third (30.9%) of patients had CNV involvement in both eyes, with the 

majority being one eye (65.0%). Occult wet AMD was the most common lesion type 

(58.1%), and subfoveal was the most common lesion location (88.5%). Three-quarters 

(76.5%) of patients were treatment naïve. Among the 51 patients who had at least one 

prior treatment, 25 had received bevacizumab, 20 had received PDT, and 11 had received 

ranibizumab, among others. Thirty-two patients (14.7%) had a family history of AMD, 

and 86 (39.6%) were current or former smokers. Rates for ocular diseases were low 

(13.8%), but 29.5% of patients had a known cardiovascular disease.  

 

4.2 Model Selection 
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TABLES 4a-4c present the goodness-of-fit statistics for 1- through 6- cluster models. All 

of our models provided good absolute fit based on the bootstrap P values for the L2 

statistics (TABLE 4a). That is, all models showed a bootstrap P value of > 0.05, 

indicating that the observed data are not far from what is expected under the null 

hypothesis. Based on the BIC and the CAIC, the 3-cluster model provided the best fit to 

the data relative to other models (TABLE 4b). That is, the BIC and the CAIC had the 

minimum value (i.e., value closest to zero). Although the AIC was the lowest for the 6-

cluster model and the AIC3 was the lowest for the 4-cluster model, we selected the 3-

cluster model as optimal because the 5- and the 6-cluster models had smaller class sizes 

and because the additional clusters could be considered subsets of the three clusters. 

TABLE 4c provides the classification precision as well as the difference between nested 

models. The proportion of patients misclassified by the 3-cluster model was low (9.0%), 

indicating adequate cluster separation and classification precision. The proportion of the 

variance explained by the 3-cluster model was 60.5%, and adding an additional cluster 

did not improve the model fit substantially (R2 = 64.3%). The bootstrap P values for the -

2LL Diff statistics suggested that the addition of a cluster was significant through three 

clusters, whereas adding a fourth cluster was not significant at P < 0.01. Based on these 

results, the 3-cluster model was selected as the final model. 

 

4.3 Response Clusters 

TABLE 5 shows the parameter estimates for the final (3-cluster) model. Two Wald 

statistics (Wald, Wald(=)) are provided in the table to assess the statistical significance of 
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a set of parameter estimates. The Wald statistic tests the restriction that each estimate in 

the set of beta parameter estimates associated with each predictor equals zero. A non-

significant P value associated with this Wald statistics means that the predictor does not 

discriminate between the clusters in a statistically significant way. For predictors 

specified as nominal, the set includes parameters for each category of the variable. The 

Wald(=) statistic considers the subset associated with each cluster and tests the restriction 

that each parameter in that subset equals the corresponding parameter in the subsets 

associated with each of the other clusters. That is, the Wald(=) statistic tests the equality 

of each set of regression effects across clusters. The Intercept, Visit (month 3, 6, 12, and 

24) and New growth of CNV were the only variables that had a significant influence on 

visual acuity change within cluster (Wald = 121.1988, P < 0.0001; Wald = 54.0794, P < 

0.0001; Wald = 8.9711, P = 0.0300; respectively) and across clusters (Wald(=) = 

39.1705, P < 0.0001; Wald(=) = 27.2650, P = 0.0001; Wald(=) = 8.6092, P = 0.0140; 

respectively).  

Longitudinal response patterns were revealed using graphical visualization. 

FIGURE 1 shows the course of visual acuity as measured by mean ETDRS letters over 

24 months for the evaluable sample. It appears that the evaluable sample had a slight 

improvement, particularly during the loading phase (i.e., first 3 months), and then 

gradually diminished over time. However, much of the variation between patients was 

masked by a single response pattern. When patients were stratified by cluster model, they 

seemed to follow differential response patterns (FIGURE 2). Specifically, cluster 1 

showed stable improvement in visual acuity that plateaued at month 3 and then gradually 
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diminished over time. We labeled cluster 1 as partial responders. Cluster 2 had the best 

performing course over 24 months. This group showed progressive improvement in 

visual acuity that plateaued at month 6 and then remained stable over time. We labeled 

cluster 2 as optimal responders. Cluster 3 had the worst performing course in visual 

acuity over 24 months. This group showed drastic decline for the first 12 months that 

tapered off. We labeled cluster 3 as non-responders. 

The raw scores (i.e., ETDRS letters) can be difficult to interpret without 

additional information, because some patients may start ranibizumab at a higher baseline 

vision than others. In order to assess whether the patient responded to ranibizumab, we 

assessed change in visual acuity over time. FIGURE 3 shows the course of change in 

visual acuity over 24 months for the evaluable sample. Similar to FIGURE 1, there is a 

slight improvement that plateaued at month 3 and then gradually diminished over time. 

Again, much of the treatment effect variation was masked by a single response pattern. 

When patients were stratified by cluster model, they seemed to follow differential 

response patterns (FIGURE 4). Specifically, cluster 1 (partial responders) showed stable 

improvement that plateaued at month 3 and then gradually diminished over time. Cluster 2 

(optimal responders) showed progressive improvement that plateaued at month 12 and 

then remained stable over time. Cluster 3 (non-responders) showed drastic decline for the 

first 12 months that tapered off.  

To understand variation in the data, we provided several plots of ETDRS change 

over 24 months (FIGURES 5a-5c). FIGURE 5a is a scatter plot, where each dot 

represents a raw change score (i.e., ETDRS change from baseline). Smoothed trendlines 
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(best-fit lines) are provided for each cluster model. Optimal responders seem to dominate 

the upper region (i.e., improvement of visual acuity), whereas partial responders seem to 

dominate the middle region (i.e., stabilization of visual acuity) and non-responders seem 

to dominate the lower region (i.e., deterioration of visual acuity). FIGURE 5b is identical 

to FIGURE 5a, but it is stratified by cluster model for better visualization. FIGURE 5c is 

a box plot, where each dot represents a raw change score (i.e., ETDRS change from 

baseline). Box plots are useful for identifying outliers and for comparing distributions. 

The ends of the box are the upper and lower quartiles and the box spans the interquartile 

range. The bold line inside the box is the median, and the whiskers are the two lines 

outside the box that extend to the highest and lowest observations (1.5 times the 

interquartile range above the upper and lower quartiles). The dots located outside the 

whiskers of the box plot are the outliers. Despite significant variation, all three plots show 

very similar response trends. 

Patient profile for the final (3-cluster model) is presented in TABLE 6. Cluster 1 

(partial responders) was the most common (n = 123, 56.68%) and consisted mainly of 

those with “stabilization” and “improvement” in visual acuity change. Patients were 

predominantly white (97.6%) and female (68.3%) and had a mean age of 79.5 years (SD 

6.4 years). The mean visual acuity was 59.0 ETDRS letters (SD 13.4 letters). One-third 

(34.2%) of patients had CNV involvement in both eyes, with the majority being one eye 

(61.0%). Occult was the most common lesion type (60.2%). Subfoveal was the most 

common lesion location (87.0%), followed by juxtafoveal (7.3%). Among those who had 

at least one prior treatment, 14.6% had received bevacizumab, 10.6% had received prior 
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PDT, and 5.7% had received ranibizumab, among others. 13.8% had a family history of 

AMD. 16.3% had a known ocular disease, and 30.1% had a known cardiovascular 

disease. 38.2% of patients were current or former smokers. 

Fifty-one patients (23.50%) were classified into cluster 2 (optimal responders) 

and consisted mainly of those with “improvement” and “large improvement” in visual 

acuity change. Patients were predominantly white (96.1%) and female (49.0%) and had a 

mean age of 78.8 years (SD 7.8 years). The mean visual acuity was 48.9 ETDRS letters 

(SD 13.4 letters). 17.7% of patients had CNV involvement in both eyes, with the majority 

being one eye (76.5%). Occult was the most common lesion type (52.9%), although 

25.5% had a predominantly classic lesion. Subfoveal was the most common lesion 

location (90.2%). Among those who had at least one prior treatment, only 5.9% had 

received bevacizumab, 2.0% had received PDT, and 0.0% had received ranibizumab, 

among others. 11.8% had a family history of AMD. 9.8% had a known ocular disease, 

and 35.3% had a known cardiovascular disease. 43.1% of patients were current or former 

smokers.  

Cluster 3 (non-responders, n = 43, 19.82%) included mainly of those with 

deterioration of visual acuity (“bad” and “stabilization”). Patients were predominantly 

white (95.4%) and female (58.1%) and had a mean age of 79.7 years (SD 7.2 years). The 

mean visual acuity was 60.1 (SD 14.6 letters). 62.8% of patients had CNV involvement 

in one eye, and 37.2% had both eyes. Occult was the most common lesion type (58.1%), 

although serous PED (25.6%), RAP (16.3%), and minimally classic (11.6%) were also 

frequent. Subfoveal was the most common lesion location (90.7%), followed by 
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extrafoveal (2.3%). Among those who had at least one prior treatment, 9.3% had received 

bevacizumab, 14.0% had received PDT, and 9.3% had received ranibizumab, among 

others. 11.8% had a family history of AMD. 9.8% had a known ocular disease, and 

35.3% had a known cardiovascular disease. 43.1% of patients were current or former 

smokers.  

 

4.5 Response Predictors 

TABLE 7 shows the results of the multinomial logistic regression for determining 

predictors of cluster membership. The likelihood ratio chi-square statistic of 84.46 with a 

P value of 0.0005 suggests that our model as a whole performed significantly better than 

an empty model. Compared to optimal responders, partial responders were more likely to 

have higher baseline visual acuity (OR 1.07, 95% CI 1.03-1.11, P < 0.01), more likely to 

have serous PED lesion (OR 4.11, 95% CI 1.11-15.17, P = 0.03), more likely to have 

RAP lesion (OR 21.46, 95% CI 1.45-317.81, P = 0.03), and more likely to have 

minimally classic lesion (OR 21.28, 95% CI 1.62-279.09, P = 0.02). Marginal differences 

were seen for occult lesion (OR 5.24, 95% CI 0.84-32.73, P = 0.08) and predominantly 

classic lesion (OR 7.24, 95% CI 1.62-279.09, P = 0.06). Between non-responders and 

optimal responders, non-responders were on average older (OR 1.08, 95% CI 1.00-1.16, 

P = 0.04), more likely to have higher baseline visual acuity (OR 1.08, 95% CI 1.04-1.13, 

P < 0.01), more likely to have serous PED lesion (OR 4.52, 95% CI 1.03-19.76, P = 

0.04), and more likely to have RAP lesion (OR 25.15, 95% CI 1.35-467.64, P = 0.03). 

Marginal differences were seen for minimally classic lesion (OR 12.50, 95% CI 0.68-
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231.52, P = 0.09) and cardiovascular diseases (OR 0.35, 95% CI 0.10-1.20, P = 0.09). No 

significant differences were noted between non-responders and partial responders for any 

of the covariates. Marginal differences were seen for family history of AMD (OR 2.71, 

95% CI 0.94-7.86, P = 0.07). 

 

4.6 Resource Utilization 

A comparison of resource utilization across clusters is provided in TABLE 8 and 

similarly illustrated in FIGURE 6. The total number of units over the 24-month treatment 

period for each resource variable was calculated and then averaged across the number of 

patients in each cluster. The mean total number of ranibizumab per patient was the 

highest for partial responders and the lowest for non-responders (8.3 vs. 6.3, 

respectively). The mean total number of fundus exam per patient was the highest for 

partial responders and the lowest for non-responders (13.6 vs. 11.4, respectively). The 

mean total number of OCT per patient was the highest for optimal responders and the 

lowest for non-responders (12.5 vs. 10.6, respectively). The mean total number of FA per 

patient was the highest for non-responders and the lowest for the optimal responders (5.0 

vs. 4.0, respectively). The mean total number of IGA per patient was the highest for non-

responders and the lowest for both partial responders and optimal responders (0.3 vs. 0.5, 

respectively). Results revealed significant differences across clusters in the mean total 

number of ranibizumab per patient (3-way, P = 0.0092), with partial responders having 

significantly more ranibizumab than non-responders (1 vs. 3, P = 0.0021) and optimal 

responders having marginally more ranibizumab than non-responders (2 vs. 3, P = 
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0.0663). Interestingly, no significant differences were detected between partial 

responders and optimal responders (1 vs. 2, P = 0.3731).  

 

4.7 Sensitivity Analysis 

We analyzed the last observation carried forward data set as a sensitivity analysis to see if 

the same number of cluster models could be derived. The goodness-of-fit statistics for 1- 

through 6-cluster models with the last observation carried forward data set are shown in 

APPENDICES 7a-7c. All of our models provided good absolute fit (APPENDIX 7a). The 

3-cluster model also provided the best relative fit (APPENDIX 7b). The AIC was the 

lowest for the 6-cluster model, but the AIC3 was the lowest for the 5-cluster model. The 

proportion of patients misclassified by the 3-cluster model was 9.3%. The proportion of 

the variance explained by the 3-cluster model was 62.1%. The -2LL Diff statistics 

suggested that the addition of a cluster was significant through three clusters, and adding 

a fourth cluster was not significant at P < 0.01. Parameter estimates for the final (3-

cluster) model with the last observation carried forward data set are presented in 

APPENDIX 8. Minor differences were noted, but the results did not materially change in 

the sensitivity analysis. Therefore, the 3-cluster model remained the optimal solution. 
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CHAPTER 5 

DISCUSSION 

 

5.1 Key Findings 

In this study, we classified wet AMD patients into distinct patterns of response by using a 

data-driven statistical method, LCGA. To our knowledge, this is the first time that this 

has been done. LCGA was applied to longitudinal data on wet AMD patients treated with 

ranibizumab, and three differential response patterns were identified: partial responders 

(cluster 1), optimal responders (cluster 2), and non-responders (cluster 3). These clusters 

support the well-established notion that variability in response to treatment is common in 

real-world settings. Further evaluation of these clusters established that they differed with 

respect to age, baseline visual acuity, and specific lesion types. That is, older age, higher 

baseline visual acuity, presence of PED lesion, presence of RAP lesion, and presence of 

minimally classic lesion were significantly associated with worse visual outcomes. In 

addition, resource utilization at the end of treatment varied significantly across clusters, 

with non-responders on average receiving the lowest total number of ranibizumab per 

patient. Because identifying differential responders has obvious advantages for 

understanding treatment effect, our findings may have valuable implications for future 

intervention and research.  

 

5.2 Interpretations  
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Identifying differential response patterns in wet AMD is important for detecting critical 

periods for a treatment switch. Prior studies have found that only the course of visual 

acuity in the first 3 months seems to be of value for estimating the response to 

treatment.127,128 Our results also showed that changes in visual acuity early in the course 

of treatment could be used to predict visual outcome late in the course. As shown in 

FIGURE 2, partial responders showed stable improvement that gradually diminished over 

time; optimal responders showed progressive improvement that plateaued at month 6; 

and non-responders showed drastic decline that tapered off around month 12. These 

findings suggest that the first 6 months may provide some indication of visual acuity at 

months 6, 12, and 24. Furthermore, we added some details to this finding and, rather than 

simply dichotomizing the sample as good or bad responders, we established that three 

groups of patients with distinctive response pathways and characteristics that could be 

identified during a 24-month period. This information is important because it can help 

physicians determine when to switch non-responders to another medication. 

In this study, non-responders were significantly older at baseline than optimal 

responders. This finding is not surprising, as there is ample evidence generated in the 

pivotal clinical trials that support a relationship between age and treatment outcomes.147-

149 In the MARINA trial, increasing age was significantly associated with greater loss of 

letters in the sham group or less gain of letters in the ranibizumab groups.147 In the 

ANCHOR trial, younger baseline age was significantly associated with greater gain of 

letters with ranibizumab and less loss of letters with PDT.148 This is also reflected by 

studies assessing treatment outcomes in the real-world clinical setting.150,151 Yamashiro et 
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al. reviewed medical records of 105 eyes with AMD treated with ranibizumab and found 

that older age was significantly associated with poor visual prognosis.150 Ying et al. also 

showed that older age was associated with worse visual acuity using data from the CATT 

trial.151 It appears then that the predominant causes of non-response to ranibizumab 

change with age, and recognizing this pattern may be fundamental to early prognosis and 

effective management. 

We found that the emerging clusters were significantly different in terms of 

baseline visual acuity. Partial responders had on average significantly higher baseline 

ETDRS letters than optimal responders (OR = 1.07, P < 0.01), and similarly non-

responders had on average significantly higher baseline ETDRS letters than optimal 

responders (OR = 1.08, P < 0.01). Studies have reported this phenomenon in the past. In 

the MARINA trial, a higher baseline visual acuity score was significantly associated with 

greater loss of letters in the sham group or less gain of letters in the ranibizumab 

groups.147 In the ANCHOR trial, a lower baseline visual acuity score was significantly 

associated with greater gain of letters with ranibizumab and less loss of letters with 

PDT.148 These findings may seem counterintuitive, but Kaiser et al. argued that it might 

be due to ceiling and floor effects (i.e., patients with the least impaired baseline visual 

acuity had less room to gain during the study period and more room to lose [ceiling 

effect], while those with the most impaired baseline visual acuity had less room for 

further loss and more room for gain [floor effect]).148 Future studies are needed to verify 

this finding in a large sample size. 
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A PED at baseline has been reported to confer a higher risk of vision loss. In a 

retrospective study, Suzuki et al. found that serous PED (OR 4.12, 95% CI 1.08-15.8) and 

fibrovascular PED (OR 22.9, 95% CI 2.61-201) were significantly associated with non-

response as judged by BCVA.131 Mariani et al. also detected a correlation between 

secondary loss of visual acuity and the presence of PED at baseline during the 

maintenance phase (after month 3) of a 40-month prospective observational study.152 Our 

results are in line with these findings. Specifically, we observed that patients with 

baseline serous PED were 4.11 times more likely to be partial responders and 4.52 times 

more likely to be non-responders than optimal responders. In other words, patients with 

serous PED have a higher risk of losing vision despite VEGF suppression. However, we 

do not know how serous PED is correlated with visual outcome because the current study 

does not provide detailed anatomical information. Additional basic science studies are 

needed to explain the pathogenesis of PED as well as how it affects vision at the 

molecular level.  

RAP is another CNV lesion type, characterized by an abnormal communication 

between the retinal and choroidal vessels.153 Treatment of RAP has been promising since 

the introduction of anti-VEGF therapy as shown by the short-term results of 

pegaptanib,154 ranibizumab,155,156 and bevacizumab.157 However, different CNV types 

may respond differently to anti-VEGF therapy. In this study, patients with an initial 

presentation of RAP were 21.46 times more likely to be partial responders and 25.15 

times more likely to be non-responders than optimal responders. That is, patients with 

RAP responded poorly to ranibizumab than those without such lesion. This finding seems 
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to contradict with previous research. Ying et al. evaluated baseline predictors of visual 

outcomes with ranibizumab or bevacizumab for wet AMD using patients from the CATT 

trial. At 1 year, RAP was significantly associated with more gain in visual acuity (10 vs. 

7 letters, P = 0.03) and a higher proportion gaining > 3-lines (OR 1.9, 95% CI 1.2-3.1).151 

Unfortunately, the authors did not provide any explanation so we cannot further elaborate 

why such phenomenon was seen. Given that we found only one study that addressed the 

influence of baseline RAP on visual prognosis, this point remains elusive. 

 Another interesting finding was that compared to optimal responders, partial 

responders were 21.28 times more likely to have minimally classic lesion at baseline. 

While a marginal difference was seen between non-responders and optimal responders, 

none was seen between non-responders and partial responders. Some literature has 

supported our findings but not all. Ying et al. found that predominantly classic (> 50% 

classic CNV) or minimally classic (< 50% classic CNV) lesions were correlated with 

worse visual acuity than occult (no classic CNV) lesions.151 However, others did not 

observe this association,15,158 and in fact some reported patients with classic CNVs 

(predominantly and/or minimally) to gain more vision.159,160 Adding to this dilemma, 

predominantly classic lesion was not significantly different across clusters in this study 

and showed a smaller odds ratio relative to minimally classic lesion (OR 7.24, 95% CI, 

0.96-54.47, P = 0.06). This finding contradicts our hypothesis that patients with larger 

lesions have worse visual outcomes. Clearly, CNV morphology and its types play an 

important role in how patients respond to treatment, but for now this finding is difficult to 

interpret because further investigation at the histopathological level is required. 
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  The pathogenesis responsible for AMD involves environmental factors and 

varying susceptibilities to these external factors based upon different genetic makeup. For 

example, race is a component of genetic makeup, which explains why AMD is more 

prevalent in people with less pigmentation (i.e., whites).57 There has also been 

compelling evidence that heredity plays a role in AMD. Several studies have found that 

approximately 20% of AMD patients have a positive family history.161-163 Recently, a 

group in Switzerland searched for genetic factors that associate with response to 

ranibizumab in patients with wet AMD.164 They found that patients with genotype CC of 

p.Y402H in CFH had a decreased chance of positive treatment outcome compared with 

those with the CT and TT genotypes. The genotype combination of AG at CFH with CT 

at FZD4 also promised an increased chance of positive treatment outcome. Furthermore, 

the association with the known genetic susceptibility loci CFH, HTRA1, and AMRS2 

were confirmed, and a risk-conferring polymorphism in one new locus, LRP5, was 

identified. Given that genetic predisposition may account for the variability in response to 

anti-VEGF treatment, further genetic data are needed to understand response to 

treatment. 

  In this study, patients were allocated to the cluster for which they had the highest 

probability of membership. Most patients (56.7%) responded adequately but showed 

diminishing efficacy after 12 months (partial responders). A quarter of patients (23.5%) 

had an optimal response to ranibizumab (optimal responders), while a fifth (19.8%) 

experienced a poor visual prognosis (non-responders). The lowest probability of 

belonging to the cluster to which the patient was allocated was 50.25%, and only 15 
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patients had a probability of less than 70%. But for 67.28% of patients, the probability of 

belonging to their cluster was 90% or higher. Since there is no one preferred method for 

determining the optimal number of clusters, the 3-cluster model may not reflect the 

precise number of response patterns of visual acuity to ranibizumab in wet AMD. 

Although the 6-cluster model suggests that the existing groups could be further divided, 

the extra groups were small and not dissimilar to the existing groups; hence, there was 

little benefit to be gained from assessing a 6-cluster model. Our findings suggest that the 

majority of patients were clearly allocated to their cluster and closely followed the 

response pathway to ranibizumab by the cluster to which they belonged.  

 The utilization of anti-VEGF therapy has been widely studied. Fong et al. 

reported a mean of 4.4 and 6.2 injections among bevacizumab- and ranibizumab-treated 

patients, respectively, in a single integrated health plan setting in the US.165 Holekamp et 

al. found consistently fewer bevacizumab (2006-2007: 4.7; 2008-2010: 4.6, 5.1, and 5.5) 

or ranibizumab injections (2006-2007: 5.0; 2008-2010: 6.1, 6.6, and 6.9) as well as the 

number of ophthalmologist visits and OCT exams among wet AMD patients.166 We 

observed similar results in this study. Specifically, partial responders and optimal 

responders had on average 8.3 and 7.9 ranibizumab injections, respectively, whereas non-

responders had on average considerably less ranibizumab (6.3 injections). These findings 

suggest that frequent treatment with ranibizumab in routine clinical practice were not 

generally practiced, and this is not surprising as a lot of patients end up dropping out. 

Furthermore, although the difference across clusters was marginally significant, we found 

that non-responders had on average lower number of fundus exams and OCT exams than 
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both partial and optimal responders. Factors contributing to this lower injection frequency 

and visual outcomes associated with reduced utilization need to be further researched. 

 

5.3 Limitations 

Several limitations warrant comment. First, although others have successfully used 

sample sizes consistent with ours,167-169 the evaluable sample was of modest size (217 

patients) and might have overfitted the model, leading to potentially biased estimates. 

Second, our data represent patients with wet AMD in Belgium treated with 0.5 mg 

ranibizumab; thus, our results may not be generalizable to patients seen in other countries 

treated with other anti-VEGF agents. Third, this study examined only demographic and 

clinical factors affecting response patterns. However, psychosocial and genetic factors, 

such as depression and genetic variants,164,170 may also predict the course and the 

response to treatment. Fourth, anatomical outcomes (e.g., central retinal thickness) were 

not measured in this study. These variables should be incorporated into future analyses to 

better understand response to treatment at the histopathological level. Fifth, we modeled 

the clusters based on change in visual acuity as opposed to the absolute values. Modeling 

the absolute values may yield different clusters and should be assessed. Sixth, for patients 

who require treatment in both eyes, data from the worst eye were used in this study. 

Future work should analyze better eye and worse eye separately, as they may answer 

different research questions. Seventh, missing data are common in real-world studies and 

made no exception in this study. Perhaps analyzing complete cases as a sensitivity 

analysis may help understand the results better. Finally, we used the nearest neighbor 
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imputation method within 90 days for handling missing data. This technique might have 

biased the temporal relationship between exposure and outcome and exaggerated some 

effects. Future studies should take a more conservative approach. 

 

5.4 Recommendations 

We recommend that physicians use this information to better manage non-responsive 

patients. That is, for patients with characteristics of non-response to ranibizumab, such as 

older age, higher baseline visual acuity, presence of PED lesion, presence of RAP lesion, 

and presence of minimally classic lesion, one may consider using other anti-VEGF agents 

or combination therapy at an earlier time point, which may improve visual prognosis 

since they can avoid inefficient and unnecessary treatment. We recommend that 

researchers use this information to better evaluate treatment effects. In real-world 

settings, patients come from different backgrounds with different genetic makeups, life 

situations, experiences, and stressors. Therefore, not all patients respond to treatment in 

the same way or to the same extent, and this can disguise treatment effects and potentially 

mask the value of therapies for certain patients. Being able to parse out differential 

responders can result in a more accurate understanding of treatment effects. We 

recommend that policymakers fund more basic science research to better understand the 

different morphological and genetic markers that correlate with non-response to 

treatment. The heterogeneity of genetic factors seems to influence the observed response 

to treatment. Although several of the proteins have been identified to respond to systemic 

and local inflammation, much still remains unknown. Therefore, further support must be 
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obtained to expand this field of research. We recommend that payers establish a national 

payment code for differential responders and educate physicians about the clinical and 

payment issues related to differential response patterns. Regular monitoring of treatment 

response may be necessary, with formulary guidelines put into place for non-responders. 

Such information can be used to treat the most responsive patients, minimize exposure of 

those who are the least likely to respond, and reduce the cost and burden of administering 

unnecessary treatment. 

 

5.5 Conclusions 

In conclusion, using a data-driven statistical method, LCGA, we identified three distinct 

clusters of patients with differential response patterns to ranibizumab and detected 

significant differences across clusters in a range of important variables. This knowledge 

improves our understanding of the differential response patterns to ranibizumab and 

provides valuable implications for future intervention and research. With non-response 

posing a significant burden on both the patients and the healthcare system, understanding 

which patients are more, or less, likely to benefit from treatment will be important to 

ensure that medicine is administered optimally. Simply put, identifying patients for 

whom treatment is effective can aid the development of personalized medicine. 
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TABLE 1. A hypothetical example with two latent classes and two indicators 

      Below Grade 
Level 

At Grade 
Level       

Latent class probabilities 0.3 0.7 
Conditional item probabilities       

Math Problem 1 
Fail 0.8 0.1 
Pass 0.2 0.9 

Math Problem 2 
Fail 0.8 0.1 

    Pass 0.2 0.9 
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TABLE 2. Literature review on the definitions of non-response to anti-VEGF  
 

 
Authors 

 
Objective 

 
Definition 

 
Outcomes 

 
Results 

Lux et al. 
2007 

To determine the 
characteristics of 
non-responders 
(43 patients, 44 
eyes) to 
bevacizumab 

Reduced or 
stable visual 
acuity at the last 
follow-up (after 
2, 3 or 6 
months) 

BCVA and 
reading ability 
at baseline and 
last follow-up 

(1) 45% of 
patients were 
non-responders 
(having a 
reduction or no 
change in either 
visual acuity or 
reading ability). 
(2) Initial CNV 
size, measured on 
angiography, was 
significantly 
larger in non-
responders: 2.88 
mm in non-
responders vs. 
1.88 mm in 
responders. 
(3) Initial reading 
ability was 
significantly 
lower in non-
responders: 0.814 
logRAD in non-
responders vs. 
0.604 logRAD in 
responders. 
(4) Gains in mean 
visual acuity and 
reading ability 
were independent 
of lesion type. 
(5) Proportion of 
non-responders to 
responders in the 
different lesion 
types was equally 
distributed. 
(6) Only patients 
with classic CNV 
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Authors 

 
Objective 

 
Definition 

 
Outcomes 

 
Results 

seemed to 
respond better. 
 

Menghini  
et al. 
2010 

To compare the 
course of visual 
acuity between 
the 10th (bad 
responders, 30 
patients) and the 
90th percentiles 
(good responders, 
30 patients) with 

respect to 128 

characteristics 
(demographics, 
lesion type, 
lesion size) and 
average 
injections and 
number of visits; 
and to test 
whether there are 
baseline 
characteristics 
that predict visual 
outcome 

Visual acuity at 
the 10th 
percentiles at 3, 
12 and 24 
months 
compared from 
baseline 

Visual acuity 
using logMAR 
charts 

(1) Marked 
differences in 
visual acuity 
between good 
responders and 
bad responders 
are observed at 3 
months from 
baseline. 
(2) Good 
responders 
showed a gain in 
visual acuity after 
3, 12 and 24 
months were 15.7 
+ 9 ETDRS 
letters, 25.3 + 7 
and 14.0 + 14. 
(3) Bad 
responders 
showed a 
deterioration of 
8.3 + 11 ETDRS 
letters after 3 
months, 22.1 + 8 
after 12 months, 
and 23.6 + 13 
after 24 months. 
(4) Gender 
distribution was 
equal, with a 
higher percentage 
of female patients 
(64% in bad and 
66% in good 
responders). 
(5) Baseline 
visual acuity was 
significantly 
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Authors 

 
Objective 

 
Definition 

 
Outcomes 

 
Results 

lower in good 
(45.7 + 10 vs. 
55.4 + 11) than in 
bad responders. 
 

Hariprasad 
et al. 
2012 

To examine 
temporal patterns 
of visual acuity 
response to 
ranibizumab 
(pooled 0.3 mg or 
0.5 mg) and to 
identify potential 
baseline 
predictors of 
response in 
patients with wet 
AMD (n = 1,824) 

Gained >15 
letters from 
baseline at 
month 3 (early 
responders) and 
did not gain > 
15 letters from 
baseline at 
month 3 but 
gained > 15 
letters from 
baseline at 
month 12 
(delayed 
responders) 

BCVA using 
ETDRS chart 

(1) At month 3, 
14.9% to 29.4% 
of patients had 
gained > 15 
letters (early 
responders). 
(2) At month 12, 
there were 14.7% 
to 16.1% delayed 
responders. 
(3) Monthly 
dosing resulted in 
more patients 
maintaining 
visual acuity 
gains at later time 
points. 
(4) Early 
responders had 
lower baseline 
mean visual 
acuity than 
delayed 
responders.  
 

Shin et al. 
2013 

To describe OCT 
characteristics of 
neovascular 
AMD patients (n 
= 267) refractory 
to ranibizumab or 
bevacizumab and 
their responses to 
other subsequent 
treatments 

Showed 
stationary or 
increased 
intraretinal or 
subretinal 
exudation 
despite 3 or 
more monthly 
injections, even 
if an initial 
partial response 
could be 

BCVA and 
initial OCT 
findings 

(1) In the 
intraretinal fluid 
group, response 
rates were 0% for 
bevacizumab, 
50% for 
ranibizumab, and 
50% for PDT + 
anti-VEGF. 
(2) In the 
subretinal fluid 
group, response 
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Authors 

 
Objective 

 
Definition 

 
Outcomes 

 
Results 

observed 
temporarily 

rates were lower 
with 0% for 
bevacizumab, 
22.2% for 
ranibizumab, and 
28.6% for PDT + 
anti-VEGF. 
(3) 1 out of 4 
bevacizumab-
refractory 
patients 
responded to 
ranibizumab. 
(4) Visual 
outcome was 
worse in the 
intraretinal fluid 
group (median 
20/1,000) than in 
the subretinal 
fluid group 
(median 20/100). 
 

Kang et al. 
2014 

To investigate the 
prognostic 
implication of 
subfoveal 
choroidal 
thickness on 
treatment 
outcome after 
ranibizumab for 
typical exudative 
AMD (40 eyes of 
37 patients) 

Changes less 
than 100 μm or 
more than 100 
μm increase of 
subretinal fluid 
by OCT 

BCVA and 
subfoveal 
choroidal 
thickness at 
baseline, 3 
months, and 6 
months 
measured by 
enhanced depth 
imaging OCT 

(1) Responders 
had thicker 
subfoveal choroid 
(257.2 + 108.3 
μm) and smaller 
lesions (1.3 + 0.8 
μm) at baseline 
than non-
responders (167.1 
+ 62.4) μm, P = 
0.003 and 2.0 + 
1.0 μm, P = 
0.008). 
(2) Responders 
showed 
significantly 
better BCVA and 
thicker subfoveal 
choroid than non-
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Authors 

 
Objective 

 
Definition 

 
Outcomes 

 
Results 

responders at 3 
months (P = 
0.002 and P = 
0.023) and 6 
months (P = 
0.004 and P = 
0.031). 
 

Suzuki et al. 
2014 

To study the 
initial 
characteristics 
and response to 
ranibizumab 
treatment of 
AMD (141 eyes 
in 141 patients) 

BCVA 
worsened at 
month 12 and 
increased 
exudative 
fundus findings 
or an increased 
CRT of more 
than 100 μm at 
month 12 

BCVA and 
fundus findings 

(1) 14.9% of eyes 
were non-
responders as 
judged by 
BCVA. 
(2) 17.0% of eyes 
were non-
responders as 
judged by fundus 
findings. 
(3) Initial 
fibrovascular 
PED (OR 22.9, 
95% CI 1.08-
15.8) were 
associated with 
non-response as 
judged by 
BCVA. 
(4) Initial 
fibrovascular 
PED (OR 33.5, 
95% CI 2.95-
381) and type 1 
CNV (OR 6.46, 
95% 1.39-30.0). 
 

Lanzetta  
et al. 
2014 

To identify 
characteristics 
associated with 
measures of 
suboptimal 
response to anti-
VEGF therapy in 

A >3-line loss 
from baseline to 
week 52; a > 3-
line loss from 
baseline to 
week 96; and 
visual acuity 

Visual acuity 
(ETDRS 
letters) and 
fluid status at 
weeks 52 and 
96 

(1) When defined 
as a > 3-line loss 
from baseline to 
week 52, 
associated 
variables 
included baseline 
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Authors 

 
Objective 

 
Definition 

 
Outcomes 

 
Results 

patients with wet 
AMD (n = 2,412) 

worse than 
20/200 at week 
96 

lesion size, lesion 
size change from 
baseline to week 
52, age, and 
visual acuity at 
baseline. 
(2) When defined 
as a > 3-line loss 
from baseline to 
week 96, 
associated 
variables 
included baseline 
lesion size, lesion 
size change from 
baseline to week 
96, age, and 
visual acuity at 
baseline. 
(3) When defined 
as visual acuity 
worse than 
20/200 at week 
96, associated 
variables 
included age, 
baseline visual 
acuity, baseline 
lesion size, lesion 
size change from 
baseline to week 
96, week 52 fluid 
status, and CRT 
change from 
baseline to week 
52. 
 

Korb et al. 
2013 

To identify risk 
factors for being 
a reduced 
responder to 
ranibizumab 

A loss in visual 
acuity of at least 
1 line at the last 
follow-up 
and/or 

A reduction in 
visual acuity; 
intraretinal or 
subretinal fluid 
or CNV  

(1) 35.2% of eyes 
were considered 
reduced 
responders at the 
end of follow-up. 
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Authors 

 
Objective 

 
Definition 

 
Outcomes 

 
Results 

treatment in 
patients with 
neovascular 
AMD (165 eyes 
of 165 patients) 

persistent 
intraretinal or 
subretinal fluid 
or detectable 
CNV at the last 
follow-up, 
compared to 
baseline 

(2) Initial CNV 
size at baseline 
was correlated 
with the risk of 
being a reduced 
responder at the 
end of follow-up. 
OR was 0.964 per 
100 μm increase 
of the initial 
CNV size (95% 
CI 0.936-0.993, P 
= 0.017). 

 
Abbreviations: VEGF, vascular endothelial growth factor; CNV, choroidal 
neovascularization; BCVA, best-corrected visual acuity; logRAD, logarithm of reading 
acuity determination; logMAR, logarithm of minimum angle of resolution; ETDRS, 
Early Treatment Diabetic Retinopathy Study; AMD, age-related macular degeneration; 
PDT, photodynamic therapy; CRT, central retinal thickness; OCT, optical coherence 
tomography; PED, pigment epithelium detachment; OR, odds ratio; CI, confidence 
interval. 
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TABLE 3. Patient characteristics at baseline 

      No. of    

Variable patients % 

Age, y, mean (SD) 78.6 (6.9) 
Gender 

Male 83 38.2% 

Female 134 61.8% 
Race 

White 210 96.8% 

Other 1 0.5% 
Missing 6 2.8% 

Diagnosis of wet AMD 

At baseline 56 25.9% 
<2 months prior to baseline 116 53.3% 

>2 months prior to baseline 4 2.0% 

Missing 41 18.8% 
Visual acuity 

ETDRS letters, mean (SD) 56.8 (14.3) 

Snellen equivalent 20/80 
Snellen <20/200 

Yes 20 9.2% 

No 160 73.7% 
Missing 37 17.1% 

Eye involvement 

Single eye 141 65.0% 
Both eyes 67 30.9% 

Missing 9 4.1% 

Lesion type a 
Occult 126 58.1% 

Serous PED 45 20.7% 

Predominantly classic 42 19.4% 
RAP 23 10.6% 

Minimally classic 20 9.2% 

PCV 1 0.5% 
CNV location 

Subfoveal 192 88.5% 

Juxtafoveal 13 6.0% 
Extrafoveal 1 0.5% 

Missing 11 5.1% 

Previous treatment 
No previous treatment 166 76.5% 

At least one previous treatment b 51 23.5% 
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Bevacizumab 25 11.5% 
PDT 20 9.2% 

Ranibizumab 11 5.1% 

Pegaptanib 5 2.3% 
Laser photocoagulation 5 2.3% 

Corticosteroids 4 1.8% 

Other 2 0.9% 
Family history of AMD 32 14.7% 

Ocular diseases c 30 13.8% 

Cardiovascular diseases d 64 29.5% 
Current or former smoker 86 39.6% 

Abbreviations: SD, standard deviation; AMD, age-related macular 
degeneration; ETDRS, Early Treatment Diabetic Retinopathy 
Study; PED, pigment epithelium detachment; RAP, retinal 
angiomatous proliferation; PCV, polypoidal choroidal vasculopathy; 
CNV, choroidal neovascularization; PDT, photodynamic therapy. 
a Categories are not mutually exclusive and do not sum to 100%. 

b A combination of therapies was possible. 
c Ocular diseases includes history of vitrectomy, blepharospasm, 
cataract, eye lid surgery, glaucoma, keratitis, retinal tear 
detachment, chorioretinitis, and vitreomacular traction syndrome. 
d Cardiovascular diseases includes coronary artery disease, 
cerebrovascular disease, peripheral vascular disease, diabetes, 
hypertension, and hyperlipidemia. 
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TABLE 4a. Goodness-of-fit statistics for 1- through 
6-cluster models 

Model L2 df Bootstrap  

      P value 

1-cluster 1540.2321 234 0.0500 

2-cluster 1342.9254 221 0.1500 

3-cluster 1234.5496 208 0.1940 
4-cluster 1192.5193 195 0.1520 

5-cluster 1155.9489 182 0.1720 

6-cluster 1135.3129 169 0.1400 

        

Abbreviations: L2, likelihood ratio chi-square 
statistic; df, degrees of freedom. 
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TABLE 4b. Goodness-of-fit statistics for 1- through 6-cluster models 

Model BIC(LL) AIC(LL) AIC3(LL) CAIC(LL) Npar 
            

1-cluster 2127.5450 2085.4810 2097.4810 2139.5450 12 
2-cluster 2001.8075 1914.1743 1939.1743 2026.8075 25 
3-cluster 1965.0010 1831.7984 1869.7984 2003.0010 38 
4-cluster 1994.5400 1815.7681 1866.7681 2045.5400 51 
5-cluster 2029.5389 1805.1977 1869.1977 2093.5389 64 
6-cluster 2080.4723 1810.5618 1887.5618 2157.4723 77 

Abbreviations: LL, log-likelihood; BIC, Bayesian information criterion; AIC, 
Akaike's information criterion; AIC3, Akaike's information criterion 3; CAIC, 
consistent Akaike's information criterion. 
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TABLE 4c. Goodness-of-fit statistics for 1- through 6-cluster 
models 

Model Class Err R2 -2LL Diff Bootstrap 
        P value 

1-cluster 0.0000 0.0350 
2-cluster 0.0677 0.4162 197.3067 <0.0001 
3-cluster 0.0904 0.6051 108.3758 <0.0001 
4-cluster 0.1057 0.6434 42.0303 0.0200 
5-cluster 0.1385 0.7190 36.5704 0.0420 
6-cluster 0.2170 0.7329 20.636 0.1280 

Abbreviations: Npar, number of parameters; Class Err, 
classification error; R2, proportion of variance explained by the 
model; -2LL Diff, -2 log-likelihood difference test comparing 
nested models. 
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TABLE 5. Parameter estimates for the final (3-cluster) model 

    
1 

(Partial) 
2 

(Optimal) 
3 

(Non-) 
Wald a 

 
P value 

 
Wald(=) b 

 
P value 

 

Intercept 

Bad -1.6880 -0.5180 3.6280 121.1988 <0.0001 39.1705 <0.0001 

Stabilization 0.7871 -0.3518 3.2264 

Improvement 2.0114 0.8260 0.5736 

Large improvement -1.1104 0.0438 -7.4280 

Visit 

Month 3 0.5871 -0.4128 1.0636 54.0794 <0.0001 27.2650 <0.0001 

Month 6 0.2972 0.0707 0.8256 

Month 12 -0.1290 0.3373 -0.6306 

Month 24 -0.7552 0.0048 -1.2587 

Subretinal fluid 

No 0.0896 -0.1234 0.4886 1.3488 0.7200 1.1408 0.5700 

Yes -0.0896 0.1234 -0.4886 

Intraretinal fluid 

No -0.0101 0.2216 -0.3304 2.1831 0.5400 2.1012 0.3500 

Yes 0.0101 -0.2216 0.3304 

Pigment epithelium tear 

No -0.0117 -1.1139 -0.7127 0.8869 0.8300 0.6577 0.7200 

Yes 0.0117 1.1139 0.7127 

Active CNV 

No 0.0812 0.2169 0.4921 6.4551 0.0910 2.8159 0.2400 

Yes -0.0812 -0.2169 -0.4921 

Increase in lesion size 

No -0.5632 1.1841 2.5623 4.4546 0.2200 4.2755 0.1200 

Yes 0.5632 -1.1841 -2.5623 
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New growth of CNV 

No 0.2331 1.0231 -1.6866 8.9711 0.0300 8.6092 0.0140 

  Yes -0.2331 -1.0231 1.6866 

Abbreviations: SD, standard deviation; CNV, choroidal neovascularization. 
a Wald statistic tests the restriction that each estimate in the set of beta parameter estimates 
associated with that variable equals zero. 
b Wald(=) statistic tests the restriction that each parameter in that subset equals the corresponding 
parameter in the subsets associated with each of the other clusters. That is, the Wald(=) statistic tests 
the equality of each set of regression effects across clusters. 
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TABLE 6. Patient profile for the final (3-cluster) model  
 

1 
(Partial) 

2 
(Optimal) 

3 
(Non-) 

    No. %   No. %   No. % 

Cluster size 123 56.68% 51 23.50% 43 19.82% 
Bad 4 3.64% 1 2.85% 19 43.62% 

Stabilization 31 25.52% 2 4.35% 19 44.24% 

Improvement 83 67.85% 19 36.85% 5 12.12% 
Large improvement 4 2.98% 29 55.94% 0 0.03% 

Age, y, mean (SD) 79.5 (6.4) 78.8 (7.8) 79.7 (7.2) 

Gender 
Male 39 31.71% 26 50.98% 18 41.86% 

Female 84 68.29% 25 49.02% 25 58.14% 

Race a 
White 120 97.56% 49 96.08% 41 95.35% 

Other 0 0.00% 1 1.96% 0 0.00% 

Visual acuity 
ETDRS letters, mean 
(SD) 59.0 (13.4) 48.9 (13.4) 60.1 (14.6) 

Eye involvement a 

Single eye 75 60.98% 39 76.47% 27 62.79% 

Both eyes 42 34.15% 9 17.65% 16 37.21% 
Occult  

No 49 39.84% 24 47.06% 18 41.86% 

Yes 74 60.16% 27 52.94% 25 58.14% 
Serous PED 

No 96 78.05% 44 86.27% 32 74.42% 

Yes 27 21.95% 7 13.73% 11 25.58% 
Predominantly classic 

No 99 80.49% 38 74.51% 38 88.37% 

Yes 24 19.51% 13 25.49% 5 11.63% 
RAP 

No 110 89.43% 48 94.12% 36 83.72% 

Yes 3 2.44% 3 5.88% 7 16.28% 
Minimally classic 

No 110 89.43% 49 96.08% 38 88.37% 

Yes 13 10.57% 2 3.92% 5 11.63% 
PCV 

No 122 99.19% 51 100.00% 43 100.00% 

Yes 1 0.81% 0 0.00% 0 0.00% 
Subfoveal CNV  

No 16 13.01% 5 9.80% 4 9.30% 
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Yes 107 86.99% 46 90.20% 39 90.70% 
Juxtafoveal CNV  

No 114 92.68% 49 96.08% 41 95.35% 

Yes 9 7.32% 2 3.92% 2 4.65% 
Extrafoveal CNV  

No 123 100.00% 51 100.00% 42 97.67% 

Yes 0 0.00% 0 0.00% 1 2.33% 
Prior bevacizumab 

No 105 85.37% 48 94.12% 39 90.70% 

Yes 18 14.63% 3 5.88% 4 9.30% 
Prior PDT 

No 110 89.43% 50 98.04% 37 86.05% 

Yes 13 10.57% 1 1.96% 6 13.95% 
Prior ranibizumab 

No 116 94.31% 51 100.00% 39 90.70% 

Yes 7 5.69% 0 0.00% 4 9.30% 
Prior pegaptanib 

No 121 98.37% 49 96.08% 42 97.67% 

Yes 2 1.63% 2 3.92% 1 2.33% 
Prior laser photocoagulation 

No 119 96.75% 50 98.04% 43 100.00% 

Yes 4 3.25% 1 1.96% 0 0.00% 
Prior corticosteroids 

No 122 99.19% 50 98.04% 41 95.35% 

Yes 1 0.81% 1 1.96% 2 4.65% 
Family history of AMD 

No 106 86.18% 45 88.24% 34 79.07% 

Yes 17 13.82% 6 11.76% 9 20.93% 
Ocular diseases 

No 103 83.74% 46 90.20% 38 88.37% 

Yes 20 16.26% 5 9.80% 5 11.63% 
Cardiovascular diseases 

No 86 69.92% 32 62.75% 34 79.07% 

Yes 37 30.08% 18 35.29% 9 20.93% 
Current or former smoker 

No 76 61.79% 29 56.86% 26 60.47% 

  Yes 47 38.21%   22 43.14%   17 39.53% 

Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; PED, pigment epithelium 
detachment; RAP, retinal angiomatous proliferation; PCV, polypoidal choroidal vasculopathy; CNV, 
choroidal neovascularization; PDT, photodynamic therapy; AMD, age-related macular degeneration. 
a Numbers derived by percentages may not sum to 100% if missing data.         
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TABLE 7. Predictors of cluster membership 
 

    
1 vs. 2  

(Partial vs. Optimal)   
 3 vs. 2 

(Non- vs. Optimal)   
 3 vs. 1 

(Non- vs. Partial) 

    OR P value   OR P value   OR P value 

Age, y 1.05 0.14 1.08 0.04 1.03 0.34 
Gender (ref: male) 2.24 0.12 1.26 0.70 0.56 0.21 
Race (ref: white)  8.13e-09 1.00  5.06e-09 1.00 0.62 1.00 
Visual acuity, ETDRS letters 1.07 <0.01 1.08 <0.01 1.01 0.54 
Eye involvement (ref: single eye) 2.08 0.18 1.63 0.44 0.78 0.58 
Occult  5.24 0.08 3.63 0.24 0.69 0.66 
Serous PED  4.11 0.03 4.52 0.04 1.10 0.84 
Predominantly classic  7.24 0.06 2.75 0.42 0.38 0.33 
RAP  21.46 0.03 25.15 0.03 1.17 0.86 
Minimally classic  21.28 0.02 12.50 0.09 0.59 0.60 
PCV   3.31e+07 1.00 1.92 1.00 5.80e-08 1.00 
Subfoveal CNV  0.39 0.37 0.69 0.78 1.75 0.64 
Juxtafoveal CNV  0.99 1.00 1.03 0.99 1.04 0.98 
Extrafoveal CNV  omitted omitted omitted 
Prior bevacizumab 2.43 0.29 1.29 0.80 0.53 0.37 
Prior PDT 6.75e+06 0.99 8.17e+06 0.99 1.21 0.79 
Prior ranibizumab 8.47e+06 0.99  1.23e+07 0.99 1.46 0.64 
Prior pegaptanib 0.14 0.15 0.27 0.43 1.90 0.65 
Prior laser photocoagulation 0.13 0.19  1.37e-08 1.00 1.02e-07 1.00 
Prior corticosteroids  1.27e-08 0.99  1.22e-07 0.99 9.53 0.19 
Family history of AMD 1.03 0.97 2.79 0.20 2.71 0.07 
Ocular diseases 2.89 0.20 1.74 0.56 0.60 0.41 
Cardiovascular diseases 0.52 0.21 0.35 0.09 0.67 0.41 
Current or former smoker 0.82 0.71   0.80 0.72   0.97 0.96 

 
Abbreviations: ref, reference; PED, pigment epithelium detachment; RAP, retinal angiomatous proliferation; PCV, 
polypoidal choroidal vasculopathy; CNV, choroidal neovascularization; PDT, photodynamic therapy; AMD, age-
related macular degeneration; OCT, optical coherence tomography; FA, fluorescein angiography; IGA, indocyanine 
green angiography. 
Note: Likelihood ratio chi-square statistic = 84.46; P = 0.0005; pseudo R2 = 0.2136. 
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TABLE 8. Comparison of resource utilization across clusters 
 

1 
(Partial) 

2 
(Optimal) 

3 
(Non-) P valuea  P valueb P valueb P valueb 

    n = 123   n = 51   n = 43   3-way   1 vs. 2   2 vs. 3   1 vs. 3 

Total number of ranibizumab per 
patient 

Mean (SD) 8.3 (3.9) 7.9 (4.3) 6.3 (3.6) 0.0092 0.3731 0.0663 0.0021 
Median (IQR) 8 (6.0) 7 (6.0) 6 (5.5) 

Total number of fundus exam per 
patient 

Mean (SD) 13.6 (5.0) 13.4 (4.8) 11.4 (5.3) 0.0843 0.9406 0.0746 0.0315 
Median (IQR) 14 (7.0) 14 (7.0) 11 (8.0) 

Total number of OCT per patient 
Mean (SD) 12.3 (5.1) 12.5 (4.7) 10.6 (4.8) 0.1039 0.7693 0.0419 0.0627 
Median (IQR) 12 (8.0) 11 (6.0) 9 (7.0) 

Total number of FA per patient 
Mean (SD) 4.4 (3.2) 4.0 (4.2) 5.0 (3.4) 0.0590 0.0418 0.0460 0.3634 
Median (IQR) 3 (4.0) 2 (4.5) 4 (5.5) 

Total number of IGA per patient 
Mean (SD) 0.3 (0.5) 0.3 (0.5) 0.5 (0.6) 0.2555 0.7258 0.2718 0.1016 

  Median (IQR) 0 (1.0)   0 (1.0)   0 (1.0)                 

Abbreviations: SD, standard deviation; IQR, interquartile range; OCT, optical coherence tomography; FA, fluorescein angiography; IGA, 
indocyanine green angiography. 
Note: The total number of units for the 24-month period was calculated for each patient and then averaged by the number of patients in 
each cluster. 
a Kruskal-Wallis test was used for non-normally distributed continuous variables. 
b Mann-Whitney U test was used for non-normally distributed continuous variables. 
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FIGURE 1. Course of visual acuity over 24 months among patients with wet AMD seen in Belgium for the evaluable sample. 
The y-axis represents mean ETDRS letters. The x-axis represents time in month. 
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FIGURE 2. Course of visual acuity over 24 months among patients with wet AMD seen in Belgium by cluster model. Red 
line represents mean ETDRS letters for partial responders (cluster 1). Green line represents mean ETDRS letters for optimal 
responders (cluster 2). Blue line represents mean ETDRS letters for non-responders (cluster 3). The y-axis represents mean 
ETDRS letters. The x-axis represents time in month. 
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FIGURE 3. Course of change in visual acuity over 24 months among patients with wet AMD seen in Belgium for the 
evaluable sample. The y-axis represents mean ETDRS change from baseline. The x-axis represents time in month. 
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FIGURE 4. Course of change in visual acuity over 24 months among patients with wet AMD seen in Belgium by cluster 
model. Red line represents mean ETDRS change from baseline for partial responders (cluster 1). Green line represents mean 
ETDRS change from baseline for optimal responders (cluster 2). Blue line represents mean ETDRS change from baseline for 
non-responders (cluster 3). The y-axis represents mean ETDRS change from baseline. The x-axis represents time in month. 



 

 99

FIGURE 5a. Scatter plot of change in visual acuity over 24 months among patients with wet AMD seen in Belgium. Each dot 
represents a raw change score (i.e., ETDRS change baseline). Red line represents smoothed trendline for partial responders 
(cluster 1). Green line represents smoothed trendline for optimal responders (cluster 2). Blue line represents smoothed 
trendline for non-responders (cluster 3). The y-axis represents ETDRS change from baseline. The x-axis represents time in 
month. 
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FIGURE 5b. Scatter plot of change in visual acuity over 24 months among patients with wet AMD seen in Belgium by cluster 
model. Each dot represents a raw change score (i.e., ETDRS change baseline). Red line represents smoothed trendline for 
partial responders (cluster 1). Green line represents smoothed trendline for optimal responders (cluster 2). Blue line represents 
smoothed trendline for non-responders (cluster 3). The y-axis represents ETDRS change from baseline. The x-axis represents 
time in month. 
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FIGURE 5c. Box plot of change in visual acuity over 24 months among patients with wet AMD seen in Belgium by cluster 
model. Each dot represents a raw change score (i.e., ETDRS change baseline). Each plot shows median (bold lines), first 
quartile (lower), third quartile (upper), and outliers (dots). Each box represents the interquartile range. Whiskers represent + 
1.5 times the interquartile range. Red plot represents ETDRS change from baseline for partial responders (cluster 1). Green 
plot represents ETDRS change from baseline for optimal responders (cluster 2). Blue plot represents ETDRS change from 
baseline for non-responders (cluster 3).  The y-axis represents ETDRS change from baseline. The x-axis represents time in 
month.  
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FIGURE 6. Comparison of resource utilization by cluster model. Red bars represent mean total number of resource units per 
patient for partial responders (cluster 1). Green bars represent mean total number of resource units per patient for optimal 
responders (cluster 2). Blue bars represent mean total number of resource units per patient for non-responders (cluster 3). The 
y-axis represents the mean total number of resource units per patient. The x-axis represents each resource category. 

 
 
Abbreviations: FA, fluorescein angiography; IGA, indocyanine green angiography; OCT, optical coherence tomography.
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APPENDIX 1. Summary of the raw data set 

Baseline (n = 343 obs.) 
d_visit ETDRS 

Min 2008-02-06 17.00 
Median 2008-06-09 58.00 
Mean 2008-06-26 56.28 
Max 2008-12-25 90.00 
% NA's 26% 26% 

VAA_cat 
bad 0 
stabilization 0 
improvement 255 
large improvement 0 
% NA's 26% 

opxfe opxoc opxfa opxia neovs 
0 8 9 18 181 1 
1 247 246 237 74 254 
% NA's 26% 26% 26% 26% 26% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 209 234 101 199 227 252 255 34 236 254 
1 46 21 154 56 28 3 0 221 19 1 
% NA's 26% 26% 26% 26% 26% 26% 26% 26% 26% 26% 

poal pohem posbf poisf postf poatr popet 
0 57 143 128 90 243 237 255 
1 198 112 127 165 12 18 0 
% NA's 26% 26% 26% 26% 26% 26% 26% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 
% NA's 100% 100% 100% 100% 100% 100% 100% 100% 

Month 3 (n = 328 obs.) 
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d_visit ETDRS 
Min 2008-04-14 18.99 
Median 2008-08-25 64.11 
Mean 2008-09-08 61.65 
Max 2009-03-10 90.00 
% NA's 27% 44% 

VAA_cat 
bad 9 
stabilization 43 
improvement 110 
large improvement 23 
% NA's 44% 

opxfe opxoc opxfa opxia neovs 
0 62 85 178 238 129 
1 177 154 61 1 111 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 224 235 216 225 239 240 239 195 234 239 
1 16 5 24 15 1 0 1 45 6 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 227 218 219 204 229 233 239 
1 13 22 21 36 11 7 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 179 237 239 224 234 231 209 234 
1 61 3 1 16 6 9 31 6 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 

Month 6 (n = 330 obs.) 
d_visit ETDRS 

Min 2008-07-08 16.00 
Median 2008-12-05 63.50 
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Mean 2008-12-28 60.86 
Max 2009-07-28 96.00 
% NA's 27% 32% 

VAA_cat 
bad 13 
stabilization 56 
improvement 118 
large improvement 39 
% NA's 32% 

opxfe opxoc opxfa opxia neovs 
0 32 50 162 238 127 
1 209 191 79 3 114 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 224 207 231 238 231 241 240 190 235 241 
1 17 34 10 3 10 0 1 51 6 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 221 228 220 208 233 230 240 
1 20 13 21 33 8 11 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 134 237 237 210 199 219 214 227 
1 107 4 4 31 42 22 27 14 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 

Month 12 (n = 304 obs.) 
d_visit ETDRS 

Min 2009-01-08 8.79 
Median 2009-06-16 62.00 
Mean 2009-07-05 58.50 
Max 2010-01-19 88.00 
% NA's 29% 32% 
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VAA_cat 
bad 27 
stabilization 48 
improvement 100 
large improvement 31 
% NA's 32% 

opxfe opxoc opxfa opxia neovs 
0 12 24 145 215 144 
1 203 191 70 0 71 
% NA's 29% 29% 29% 29% 29% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 202 210 188 209 213 215 215 176 212 214 
1 13 5 27 6 2 0 0 39 3 1 
% NA's 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 

poal pohem posbf poisf postf poatr popet 
0 204 204 204 194 203 205 211 
1 11 11 11 21 12 10 4 
% NA's 29% 29% 29% 29% 29% 29% 29% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 130 211 211 191 179 198 194 203 
1 85 4 4 24 36 17 21 12 
% NA's 29% 29% 29% 29% 29% 29% 29% 29% 

Month 24 (n = 322 obs.) 
d_visit ETDRS 

Min 2010-01-19 10.00 
Median 2010-06-15 59.05 
Mean 2010-06-27 55.25 
Max 2011-01-24 97.00 
% NA's 27% 43% 

VAA_cat 
bad 34 
stabilization 53 
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improvement 71 
large improvement 26 
% NA's 43% 

opxfe opxoc opxfa opxia neovs 
0 45 44 161 234 166 
1 189 190 73 0 68 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 223 234 220 226 234 234 234 210 233 234 
1 11 0 14 8 0 0 0 24 1 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 225 231 223 214 223 225 234 
1 9 3 11 20 11 9 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 154 234 231 218 202 216 219 224 
1 80 0 3 16 32 18 15 10 
% NA's 27% 27% 27% 27% 27% 27% 27% 27%     

Abbreviations: d_visit, date of visit; ETDRS, number of letters read; VAA_cat, category of ETDRS difference 
with baseline; opxfe, fundus examination; opxoc, optical coherence tomography; opxfa, fluorescein angiography; 
opxia, indocyanine green angiography; neovs, neovascularization; lspc, predominantly classic lesion; lsmc, 
minimally classic lesion; lsoc, occult lesion; lspd, serous PED lesion; clsub, subfoveal location; cljux, juxtafoveal 
location; clext, extrafoveal location; poal, presence of active leakage; pohem, presence of hemorrhage; poisf, 
presence of intraretinal fluid; posbf, presence of subretinal fluid; postf, presence of scar tissue/fibrosis; poatr, 
presence of atrophy; popet, presence of pigment epithelium tear; ac, active CNV: acils, increase in total lesion size; 
acngc, active CNV new growth of CNV: acalk, active leakage; acrfo, recurrence of fluid on OCT; acafo, 
aggravation of fluid on OCT; acsfo,  stabilization of fluid on OCT; acnh, new hemorrhage. 
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APPENDIX 2a. Pairwise correlations between the predictors (exam 
variables) 

  opxfe opxoc opxfa opxia neovs 
opxfe 1.0000 0.6833 0.1992 0.0439 0.2700 
opxoc 0.6833 1.0000 0.1282 0.0766 0.2935 
opxfa 0.1992 0.1282 1.0000 0.2163 0.0455 
opxia 0.0439 0.0766 0.2163 1.0000 0.1724 
neovs 0.2700 0.2935 0.0455 0.1724 1.0000 

Abbreviations: opxfe, fundus exam; opxoc, OCT; opxia, IGA; neovs, 
neovascularization. 
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APPENDIX 2b. Pairwise correlations between the predictors (presence 
variables) 

  poal pohem posbf poisf postf poatr popet 

poal 1.0000 0.3625 0.3867 0.4125 0.0918 0.0551 0.0914 

pohem 0.3625 1.0000 0.2049 0.2976 0.0193 -0.0157 0.0294 

posbf 0.3867 0.2049 1.0000 0.3455 0.0351 -0.0102 0.0624 

poisf 0.4125 0.2976 0.3455 1.0000 0.0165 0.0115 0.0373 

postf 0.0918 0.0193 0.0351 0.0165 1.0000 0.2599 0.1762 

poatr 0.0551 -0.0157 -0.0102 0.0115 0.2599 1.0000 0.1184 

popet 0.0914 0.0294 0.0624 0.0373 0.1762 0.1184 1.0000 

Abbreviations: poal, presence of active leakage; pohem, presence of hemorrhage; poisf, 
presence of intraretinal fluid; posbf, presence of subretinal fluid; postf, presence of scar 
tissue/fibrosis; poatr, presence of atrophy; popet, presence of pigment epithelium tear. 
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APPENDIX 2c. Pairwise correlations between the predictors (CNV variables) 

  ac acils acngc acalk acrfo acafo acsfo acnh 

ac 1.0000 0.1214 0.0925 0.3989 0.5001 0.3763 0.4370 0.2645 

acils 0.1214 1.0000 0.1083 0.1049 0.0199 0.1112 -0.0005 0.0935 

acngc 0.0925 0.1083 1.0000 0.1602 0.0904 0.0184 -0.0261 0.0983 

acalk 0.3989 0.1049 0.1602 1.0000 0.1199 0.1342 0.0818 0.1047 

acrfo 0.5001 0.0199 0.0904 0.1199 1.0000 -0.0712 -0.1240 0.1117 

acafo 0.3763 0.1112 0.0184 0.1342 -0.0712 1.0000 -0.0941 0.0627 

acsfo 0.4370 -0.0005 -0.0261 0.0818 -0.1240 -0.0941 1.0000 -0.0349 

acnh 0.2645 0.0935 0.0983 0.1047 0.1117 0.0627 -0.0349 1.0000 

Abbreviations: ac, active CNV: acils, increase in total lesion size; acngc, new growth of CNV: acalk, 
active leakage; acrfo, recurrence of fluid on OCT; acafo, aggravation of fluid on OCT; acsfo, stabilization 
of fluid on OCT; acnh, new hemorrhage. 
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APPENDIX 3. Summary of the imputed last observation carried forward data set 

Baseline (n = 343 obs.) 
d_visit ETDRS 

Min 2008-02-06 17.00 
Median 2008-06-09 58.00 
Mean 2008-06-26 56.28 
Max 2008-12-25 90.00 
% NA's 26% 26% 

VAA_cat 
bad 0 
stabilization 0 
improvement 255 
large improvement 0 
% NA's 26% 

opxfe opxoc opxfa opxia neovs 
0 8 9 18 181 1 
1 247 246 237 74 254 
% NA's 26% 26% 26% 26% 26% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 209 234 101 199 227 252 255 34 236 254 
1 46 21 154 56 28 3 0 221 19 1 
% NA's 26% 26% 26% 26% 26% 26% 26% 26% 26% 26% 

poal pohem posbf poisf postf poatr popet 
0 57 143 128 90 243 237 255 
1 198 112 127 165 12 18 0 
% NA's 26% 26% 26% 26% 26% 26% 26% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 
% NA's 100% 100% 100% 100% 100% 100% 100% 100% 

Month 3 (n = 328 obs.) 
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d_visit ETDRS 
Min 2008-04-14 11.00 
Median 2008-08-25 61.00 
Mean 2008-09-08 59.51 
Max 2009-03-10 90.00 
% NA's 27% 27% 

VAA_cat 
bad 10 
stabilization 44 
improvement 160 
large improvement 24 
% NA's 27% 

opxfe opxoc opxfa opxia neovs 
0 62 85 179 239 129 
1 178 155 61 1 111 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 224 235 216 225 239 240 239 195 234 239 
1 16 5 24 15 1 0 1 45 6 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 222 229 221 209 234 231 241 
1 20 13 21 33 8 11 1 
% NA's 26% 26% 26% 26% 26% 26% 26% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 134 238 238 211 200 220 215 227 
1 108 4 4 31 42 22 27 15 
% NA's 26% 26% 26% 26% 26% 26% 26% 26% 

Month 6 (n = 330 obs.) 
d_visit ETDRS 

Min 2008-07-08 16.00 
Median 2008-12-05 63.00 
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Mean 2008-12-28 60.45 
Max 2009-07-28 96.00 
% NA's 27% 29% 

VAA_cat 
bad 14 
stabilization 58 
improvement 123 
large improvement 39 
% NA's 29% 

opxfe opxoc opxfa opxia neovs 
0 32 50 163 239 128 
1 210 192 79 3 114 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 225 234 208 232 239 242 241 191 236 242 
1 17 8 34 10 3 0 1 51 6 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 221 228 220 208 233 230 240 
1 20 13 21 33 8 11 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 134 237 237 210 199 219 214 227 
1 107 4 4 31 42 22 27 14 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 

Month 12 (n = 304 obs.) 
d_visit ETDRS 

Min 2009-01-08 8.79 
Median 2009-06-16 62.00 
Mean 2009-07-05 58.49 
Max 2010-01-19 88.00 
% NA's 29% 32% 
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VAA_cat 
bad 27 
stabilization 49 
improvement 101 
large improvement 31 
% NA's 32% 

opxfe opxoc opxfa opxia neovs 
0 12 24 145 215 144 
1 203 191 70 0 71 
% NA's 29% 29% 29% 29% 29% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 202 210 188 209 213 215 215 176 212 214 
1 13 5 27 6 2 0 0 39 3 1 
% NA's 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 

poal pohem posbf poisf postf poatr popet 
0 204 204 204 194 203 205 211 
1 11 11 11 21 12 10 4 
% NA's 29% 29% 29% 29% 29% 29% 29% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 130 211 211 191 179 198 194 203 
1 85 4 4 24 36 17 21 12 
% NA's 29% 29% 29% 29% 29% 29% 29% 29% 

Month 24 (n = 322 obs.) 
d_visit ETDRS 

Min 2010-01-19 10.00 
Median 2010-06-15 59.00 
Mean 2010-06-27 54.76 
Max 2011-01-24 97.00 
% NA's 27% 42% 

VAA_cat 
bad 37 
stabilization 53 
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improvement 71 
large improvement 26 
% NA's 42% 

opxfe opxoc opxfa opxia neovs 
0 45 44 161 234 166 
1 189 190 73 0 68 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 223 234 220 226 234 234 234 210 233 234 
1 11 0 14 8 0 0 0 24 1 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 225 231 223 214 223 225 234 
1 9 3 11 20 11 9 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 154 234 231 218 202 216 219 224 
1 80 0 3 16 32 18 15 10 
% NA's 27% 27% 27% 27% 27% 27% 27% 27%     

Abbreviations: d_visit, date of visit; ETDRS, number of letters read; VAA_cat, category of ETDRS difference with 
baseline; opxfe, fundus examination; opxoc, optical coherence tomography; opxfa, fluorescein angiography; opxia, 
indocyanine green angiography; neovs, neovascularization; lspc, predominantly classic lesion; lsmc, minimally 
classic lesion; lsoc, occult lesion; lspd, serous PED lesion; clsub, subfoveal location; cljux, juxtafoveal location; 
clext, extrafoveal location; poal, presence of active leakage; pohem, presence of hemorrhage; poisf, presence of 
intraretinal fluid; posbf, presence of subretinal fluid; postf, presence of scar tissue/fibrosis; poatr, presence of 
atrophy; popet, presence of pigment epithelium tear; ac, active CNV: acils, increase in total lesion size; acngc, 
active CNV new growth of CNV: acalk, active leakage; acrfo, recurrence of fluid on OCT; acafo, aggravation of 
fluid on OCT; acsfo,  stabilization of fluid on OCT; acnh, new hemorrhage.  
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APPENDIX 4. Summary of the imputed nearest neighbor data set 

Baseline (n = 343 obs.) 
d_visit ETDRS 

Min 2008-02-06 17.00 
Median 2008-06-09 58.00 
Mean 2008-06-26 56.28 
Max 2008-12-25 90.00 
% NA's 26% 26% 

VAA_cat 
bad 0 
stabilization 0 
improvement 255 
large improvement 0 
% NA's 26% 

opxfe opxoc opxfa opxia neovs 
0 8 9 18 181 1 
1 247 246 237 74 254 
% NA's 26% 26% 26% 26% 26% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 209 234 101 199 227 252 255 34 236 254 
1 46 21 154 56 28 3 0 221 19 1 
% NA's 26% 26% 26% 26% 26% 26% 26% 26% 26% 26% 

poal pohem posbf poisf postf poatr popet 
0 57 143 128 90 243 237 255 
1 198 112 127 165 12 18 0 
% NA's 26% 26% 26% 26% 26% 26% 26% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 174 249 250 228 246 248 212 241 
1 76 1 0 22 4 2 38 9 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 
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Month 3 (n = 328 obs.) 
d_visit ETDRS 

Min 2008-04-14 11.00 
Median 2008-08-25 62.50 
Mean 2008-09-08 60.32 
Max 2009-03-10 90.00 
% NA's 27% 27% 

VAA_cat 
bad 12 
stabilization 50 
improvement 147 
large improvement 31 
% NA's 27% 

opxfe opxoc opxfa opxia neovs 
0 62 85 179 239 129 
1 178 155 61 1 111 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 224 235 216 225 239 240 239 195 234 239 
1 16 5 24 15 1 0 1 45 6 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 227 218 219 204 229 233 239 
1 13 22 21 36 11 7 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 179 237 239 224 234 231 209 234 
1 61 3 1 16 6 9 31 6 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 

Month 6 (n = 330 obs.) 
d_visit ETDRS 

Min 2008-07-08 16.00 
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Median 2008-12-05 63.00 
Mean 2008-12-28 60.43 
Max 2009-07-28 96.00 
% NA's 27% 29% 

VAA_cat Percent 
bad 14 4% 
stabilization 59 18% 
improvement 123 37% 
large improvement 39 12% 
% NA's 29% 

opxfe opxoc opxfa opxia neovs 
0 32 50 163 239 127 
1 210 192 79 3 114 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 225 234 208 232 239 242 241 191 236 242 
1 17 8 34 10 3 0 1 51 6 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 222 229 221 209 234 231 241 
1 20 13 21 33 8 11 1 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 134 238 238 211 200 220 215 227 
1 108 4 4 31 42 22 27 15 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 

Month 12 (n = 304 obs.) 
d_visit ETDRS 

Min 2009-01-08 8.79 
Median 2009-06-16 62.00 
Mean 2009-07-05 58.50 
Max 2010-01-19 88.00 
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% NA's 29% 32% 
VAA_cat 

bad 27 
stabilization 49 
improvement 101 
large improvement 31 
% NA's 32% 

opxfe opxoc opxfa opxia neovs 
0 12 24 145 215 144 
1 203 191 70 0 71 
% NA's 29% 29% 29% 29% 29% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 202 210 188 209 213 215 215 176 212 214 
1 13 5 27 6 2 0 0 39 3 1 
% NA's 29% 29% 29% 29% 29% 29% 29% 29% 29% 29% 

poal pohem posbf poisf postf poatr popet 
0 204 204 204 194 203 205 211 
1 11 11 11 21 12 10 4 
% NA's 29% 29% 29% 29% 29% 29% 29% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 130 211 211 191 179 198 194 203 
1 85 4 4 24 36 17 21 12 
% NA's 29% 29% 29% 29% 29% 29% 29% 29% 

Month 24 (n = 322 obs.) 
d_visit ETDRS 

Min 2010-01-19 10.00 
Median 2010-06-15 59.00 
Mean 2010-06-27 54.85 
Max 2011-01-24 97.00 
% NA's 27% 42% 

VAA_cat 
bad 36 
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stabilization 54 
improvement 71 
large improvement 26 
% NA's 42% 

opxfe opxoc opxfa opxia neovs 
0 45 44 161 234 166 
1 189 190 73 0 68 
% NA's 27% 27% 27% 27% 27% 

lspc lsmc lsoc lspd lsrp lspv lsot clsub cljux clext 
0 223 234 220 226 234 234 234 210 233 234 
1 11 0 14 8 0 0 0 24 1 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 27% 27% 27% 

poal pohem posbf poisf postf poatr popet 
0 225 231 223 214 223 225 234 
1 9 3 11 20 11 9 0 
% NA's 27% 27% 27% 27% 27% 27% 27% 

ac acils acngc acalk acrfo acafo acsfo acnh 
0 154 234 231 218 202 216 219 224 
1 80 0 3 16 32 18 15 10 
% NA's 27% 27% 27% 27% 27% 27% 27% 27%     

Abbreviations: d_visit, date of visit; ETDRS, number of letters read; VAA_cat, category of ETDRS difference 
with baseline; opxfe, fundus examination; opxoc, optical coherence tomography; opxfa, fluorescein angiography; 
opxia, indocyanine green angiography; neovs, neovascularization; lspc, predominantly classic lesion; lsmc, 
minimally classic lesion; lsoc, occult lesion; lspd, serous PED lesion; clsub, subfoveal location; cljux, juxtafoveal 
location; clext, extrafoveal location; poal, presence of active leakage; pohem, presence of hemorrhage; poisf, 
presence of intraretinal fluid; posbf, presence of subretinal fluid; postf, presence of scar tissue/fibrosis; poatr, 
presence of atrophy; popet, presence of pigment epithelium tear; ac, active CNV: acils, increase in total lesion 
size; acngc, active CNV new growth of CNV: acalk, active leakage; acrfo, recurrence of fluid on OCT; acafo, 
aggravation of fluid on OCT; acsfo,  stabilization of fluid on OCT; acnh, new hemorrhage. 
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APPENDIX 5a. Distribution of the total number of ranibizumab over 24 months. 
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APPENDIX 5b. Distribution of the total number of fundus exam over 24 months. 
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APPENDIX 5c. Distribution of the total number of OCT over 24 months.

 
Abbreviation: OCT, optical coherence tomography.
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APPENDIX 5d. Distribution of the total number of FA over 24 months.

 
Abbreviation: FA, fluorescein angiography. 
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APPENDIX 5e. Distribution of the total number IGA over 24 months. 

 
Abbreviation: IGA, indocyanine green angiography. 
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APPENDIX 6a. Distribution of the total number of ranibizumab over 24 months by 
cluster model. Cluster 1 represents partial responders. Cluster 2 represents optimal 
responders. Cluster 3 represents non-responders. 
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APPENDIX 6b. Distribution of the total number of fundus exam over 24 months by 
cluster model. Cluster 1 represents partial responders. Cluster 2 represents optimal 
responders. Cluster 3 represents non-responders. 
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APPENDIX 6c. Distribution of the total number of OCT over 24 months by cluster 
model. Cluster 1 represents partial responders. Cluster 2 represents optimal responders. 
Cluster 3 represents non-responders.

 
Abbreviation: OCT, optical coherence tomography. 
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APPENDIX 6d. Distribution of the total number of FA over 24 months by cluster model 
Cluster 1 represents partial responders. Cluster 2 represents optimal responders. Cluster 3 
represents non-responders.  

 
Abbreviation: FA, fluorescein angiography. 
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APPENDIX 6e. Distribution of the total number of IGA over 24 months by cluster 
model. Cluster 1 represents partial responders. Cluster 2 represents optimal responders. 
Cluster 3 represents non-responders.  

 
Abbreviation: IGA, indocyanine green angiography. 
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APPENDIX 7a. Goodness-of-fit statistics for 1- 
through 6-cluster models with the last observation 
carried forward data set 

Model L2 df Bootstrap  

      P value 

1-cluster 1510.8843 234 0.0720 

2-cluster 1306.3205 221 0.1620 
3-cluster 1209.6366 208 0.1540 

4-cluster 1166.2763 195 0.1140 

5-cluster 1125.9480 182 0.1700 
6-cluster 1102.9225 169 0.1460 

        

Abbreviations: L2, likelihood ratio chi-square 
statistic; df, degrees of freedom. 
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APPENDIX 7b. Goodness-of-fit statistics for 1- through 6-cluster models with 
the last observation carried forward data set 

Model BIC(LL) AIC(LL) AIC3(LL) CAIC(LL) Npar 
            

1-cluster 2087.1426 2045.0786 2057.0786 2099.1426 12 
2-cluster 1954.1481 1866.5148 1891.5148 1979.1481 25 
3-cluster 1929.0335 1795.8309 1833.8309 1967.0335 38 
4-cluster 1957.2425 1778.4706 1829.4706 2008.2425 51 
5-cluster 1988.4835 1764.1423 1828.1423 2052.4835 64 
6-cluster 2037.0274 1767.1168 1844.1168 2114.0274 77 

Abbreviations: LL, log-likelihood; BIC, Bayesian information criterion; AIC, 
Akaike's information criterion; AIC3, Akaike's information criterion 3; CAIC, 
consistent Akaike's information criterion. 
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APPENDIX 7c. Goodness-of-fit statistics for 1- through 6-cluster 
models with the last observation carried forward data set 

Model Class Err R2 -2LL Diff Bootstrap 
        P value 

1-cluster 0.0000 0.0384 
2-cluster 0.0632 0.4344 204.5638 <0.0001 
3-cluster 0.0927 0.6214 96.6839 <0.0001 
4-cluster 0.1095 0.6627 43.3603 0.0100 
5-cluster 0.1378 0.7392 40.3283 0.0120 
6-cluster 0.1512 0.7631 23.0255 0.0600 

Abbreviations: Npar, number of parameters; Class Err, 
classification error; R2, proportion of variance explained by the 
model; -2LL Diff, -2 log-likelihood difference test comparing 
nested models. 
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APPENDIX 8. Parameter estimates for the final (3-cluster) model with the last observation carried 
forward data set 

                  

    
Cluster 1 
(Partial) 

Cluster 2 
(Optimal) 

Cluster 3 
(Non-) 

Wald a 
 

P value 
 

Wald(=) b 
 

P value 
 

Intercept 

Bad -0.8113 -5.1373 3.6709 213.8672 <0.0001 4.6157 0.5900 

Stabilization 0.9773 1.833 3.1286 

Improvement 1.6688 2.9267 0.5802 

Large improvement -1.8347 0.3776 -7.3797 

Visit 

Month 3 0.4914 -0.7670 1.2917 62.1871 <0.0001 34.2337 <0.0001 

Month 6 0.3214 0.1488 0.7713 

Month 12 -0.0910 0.3443 -0.6644 

Month 24 -0.7217 0.2739 -1.3986 

Subretinal fluid 

No 0.0924 -0.1199 0.6058 1.7825 0.6200 1.2525 0.5300 

Yes -0.0924 0.1199 -0.6058 

Intraretinal fluid 

No -0.0267 0.5704 -0.2423 4.6302 0.2000 4.3655 0.1100 

Yes 0.0267 -0.5704 0.2423 

Pigment epithelium tear 

No -0.0144 -1.2062 -0.6958 0.8862 0.8300 0.6634 0.7200 

Yes 0.0144 1.2062 0.6958 

Active CNV 

No 0.1195 0.2586 0.4977 6.6700 0.0830 2.4226 0.3000 

Yes -0.1195 -0.2586 -0.4977 

Increase in lesion size 
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No -0.0299 0.6001 2.4092 2.3261 0.5100 2.1610 0.3400 

Yes 0.0299 -0.6001 -2.4092 

New growth of CNV 

No 0.2024 2.9848 -1.6708 7.2406 0.0650 7.2395 0.0270 

  Yes -0.2024 -2.9848 1.6708         

Abbreviations: SD, standard deviation; CNV, choroidal neovascularization. 
a Wald statistic tests the restriction that each estimate in the set of beta parameter estimates 
associated with that variable equals zero. 
b Wald(=) statistic tests the restriction that each parameter in that subset equals the corresponding 
parameter in the subsets associated with each of the other clusters. That is, the Wald(=) statistic tests 
the equality of each set of regression effects across clusters. 
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