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Abstract

Background The Ranibizumab AMD Clinical Efficacy Study (RACER) conducted in treatment-naive adult Taiwanese
patients with neovascular age-related macular degeneration (NnAMD) suggested the importance of early and intensive
dosing of ranibizumab for optimal treatment outcomes. This subgroup analysis aims to provide clinical information

on treatment response that can potentially guide on maintaining the treatment or switching anti-VEGF agents in the
real-world setting.

Methods Visual acuity (VA) and central retinal thickness (CRT) were assessed in the RACER subgroup population.
Subgroup analysis sets were categorised based on: (1) baseline best-corrected VA (BCVA; <48 and > 48 letters); (2)
baseline CRT (<325 or>325 um); and (3) treatment response after three monthly initial injections: < or > 5-letter gain
in BCVA and reduction of <or > 50 um in CRT.

Results Patient age, sex, NAMD duration and number of ranibizumab injections did not differ significantly between
the treatment subgroups. Poor baseline BCVA (< 48 letters) and baseline CRT severity (>325 um) were predic-

tors of maximum BCVA gains (9.6 +12.9 letters [95%Cl: 6.3 to 12.9] and 5.1 +18.3 letters [95%Cl: — 0.5 to 10.8] at
Months 3 and 12, respectively) and better CRT reductions (— 127.6 £ 104.2 um and — 104.2 + 107.4 um at Months
3and 12, respectively; both P<0.001). For the subgroup showing favourable treatment improvement with BCVA
gains > 5 letters after three monthly initial injections, 75.6% of patients maintained follow-up at Month 12 with a
mean of 6.5+ 14.3 letter gains (95% Cl: 1.2 to 11.7). The BCVA gains < 5-letter subgroup nevertheless had stable BCVA
(044121 letter gains) and CRT (—41.9+61.2 um) at Month 12, respectively. In the subgroup with > 50 um CRT
reduction after three monthly initial injections, there are significantly higher BCVA improvements vs. the <50 um CRT
reduction subgroup at Month 3 (5.0 8.6 letter gains vs. 1.5+ 11.6 letter gains, respectively; intergroup P=0.005).

Conclusion Lower baseline BCVA and higher baseline CRT were associated with BCVA gains and CRT reductions
throughout the 12-month study period. Early CRT improvements after three monthly initial injections were associated
with BCVA gains as early as Month 3.
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Background

Age-related macular degeneration (AMD) is a chronic
progressive disease with a reported annual incidence
of 1.59 and 0.23 per 100 person-years for early and late
AMD, respectively [1]. Late AMD mainly affects the
elderly and progresses to neovascular AMD (nAMD) or
wet AMD [2]. nAMD is the leading cause of irreversible
vision loss affecting 0.46% — 1.81% of the global popula-
tion [3]. Late AMD affects approximately 1.9% — 7.3% of
individuals over the age of 65 years in Taiwan [4], and
with its increase in the aging population projected to sur-
pass the global numbers (36.7% vs. 12%) by 2050, nAMD
management becomes critical [5].

Intravitreal injections of anti-vascular endothelial
growth factor (anti-VEGF) agents, such as ranibizumab
and aflibercept, have been the cornerstone of first-line
therapies to suppress or halt disease progression in
nAMD [6-8]. Considering the significant disease burden,
in 2011 and 2014, the Taiwan government reimbursed
ranibizumab and aflibercept, respectively, in the National
Health Insurance (NHI) program for nAMD treatment
[9]. This program currently covers more than 99% of resi-
dents and health care utilities in Taiwan [9, 10]. However,
as a limited number of doses are allowed for reimburse-
ment per patient life, the clinical options of switching
between the drugs become a pressing issue, as it is not
available currently in Taiwan [11].

Treatment of nAMD with anti-VEGF therapies requires
multiple injections and can be long-term. Despite the
standardised anti-VEGF regimen, studies have shown
recurrent fluid exudation and gradual loss of efficacy
in a proportion of eyes [11]. Frequent dosing [12] and
switching to other anti-VEGFs, especially for the non-
responsive eyes, have shown benefits resulting in better
treatment outcomes [13, 14].

The Ranibizumab AMD Clinical Efficacy in Real-world
practice (RACER) study was designed to evaluate the
real-world effectiveness and safety of ranibizumab over
12 months in treatment-naive patients with nAMD who
were eligible for the NHI 3 +4 reimbursement scheme.
The study primarily showed that early treatment and fre-
quent dosing can lead to better outcomes [15]. Herein we
present the subgroup analysis of the RACER study popu-
lation, analysing the nAMD treatment outcomes at 3 and
12 months based on baseline best-corrected visual acuity
(BCVA), central retinal thickness (CRT), and treatment
response.

Materials and methods

Study design and reimbursement criteria

RACER was an observational study conducted between
May 2014 and May 2017 at seven centres in Taiwan.
Eligible patients with nAMD were treated with ranibi-
zumab as per the approved labelling dosage, and eli-
gibility criteria for treatment reimbursement are
described in the RACER primary study [15]. NHI reim-
bursement policy did not allow a switch in anti-VEGF
therapy after treatment initiation. The study protocol
and amendments were approved by the independent
ethics committee (IEC) or institutional review board
(IRB) for each site.

Study population

Treatment-naive adult Taiwanese patients recently
diagnosed with visual impairment attributable to
nAMD (and no other causes), for whom intravitreal
treatment with ranibizumab 0.5 mg was prescribed
during routine medical practice, were included in the
study. According to the local labeling described in Wu
WC et al., 2020 [15], ranibizumab is administered once
a month for 3 consecutive months and the patients
should be followed up regularly on their visual acuity
and disease reactivation, thereafter, with a predomi-
nantly PRN retreatment regimen. Previously treated
patients or those with concomitant conditions in the
study eye that would interfere with treatment out-
comes, patients with reported allergies/hypersensitiv-
ity to the study drug, and pregnant or lactating women
were all excluded from the study [15].

Study analysis sets included: (1) intent-to-treat (ITT)
population — all patients who received at least one dose
of observational drug (anti-VEGF) and had at least one
post-baseline assessment of study variables, and (2)
3M3D population — a subset of the ITT population who
received all three doses of anti-VEGF within 3 months
without protocol deviation.

For the subgroup analyses, patients were categorised
based on (1) baseline BCVA in the ITT population (<48
and >48 letters); (2) baseline CRT in the ITT population
(<325 or>325 um); and (3) treatment response in the
3M3D population: < or > 5 letter gain in BCVA (BCVA<5
letters or BCVA>5 letters) after the three injections,
and reduction<or>50 pm in CRT (CRT<50 pm or
CRT > 50 um) after the three injections.
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Study endpoints and assessments

The objective of the RACER subgroup analysis was
to evaluate the secondary effectiveness endpoints
(mean change from baseline in BCVA and CRT at 3
and 12 months) of ranibizumab 0.5 mg treatment in
patients with nAMD. As described above, endpoints
were assessed based on the patients’ (1) baseline BCVA;
(2) baseline severity of CRT and (3) treatment response.
Treatment response was defined as a gain of > 5 letters
and >50 pm CRT reduction after three injections in
3 months. BCVA was assessed using the ETDRS score
chart at a testing distance of 4 m. Retinal thickness
was assessed using the optical coherence tomography
(OCT) and characterization of the lesion was assessed
using color fundus photography and fluorescein angi-
ography. Protocols for OCT, colour fundus, and fluo-
rescein angiography were described in detail in the
study by Wu WC et al., 2020 [15]. Adverse events (AEs)
and serious AEs (SAEs) over the 12-month observa-
tional period were monitored.

Statistical analyses

A sample size of 160 patients was predicted to achieve
80% power to test superiority with a 20% dropout
rate. For continuous variables, descriptive statistics
including number of observations, mean, median,
standard deviation, minimum, maximum and 95% con-
fidence intervals were presented; for categorical vari-
ables, count and percentages were used to summarise
descriptively. Detailed statistical methods are provided
in the Statistical Analysis Plan. The mean dosing and
the time to the first retreatment were summarised
descriptively. In addition, the efficacies of BCVA at
Month 12 and CRT at Months 3 and 12 were evaluated
after the initial treatment with ranibizumab. Each effi-
cacy endpoint was analysed by duration and severity of
nAMD subgroup at baseline. Criteria for sample size,
power calculations and details of statistical analysis
have been previously described [15].

Results

Patient disposition

A total of 161 patients with signed informed consent
were enrolled in the study. The safety analysis set com-
prised all the enrolled patients who received at least
one dose of anti-VEGF (ranibizumab) and had at least
one post-baseline safety assessment (N=161, 100%).
The ITT population (n=152, 94.4%) consisted of all
patients who received at least one dose of ranibizumab
and at least one post-baseline assessment of effective-
ness variables, while the 3M3D population (=118
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patients; 73.3%) comprised a subset of ITT who
received three anti-VEGF injections within the first
3 months without any protocol deviations.

Overall, patient baseline demographics and ocular and
disease characteristics have been published previously
[15].

Subgroup analysis by baseline characteristics
By baseline BCVA
Patients were categorised into two subgroups based
on their VA at baseline: (1) BCVA <48 letters and (2)
BCVA >48 letters. The patient subgroup with baseline
BCVA >48 letters was significantly younger than those
with baseline BCVA <48 (intergroup P=0.014) (Table 1)
for the ITT population. There was no significant dif-
ference in the total number of ranibizumab injections
between the subgroups intergroup (P=0.985) (Table 1).
VA (mean=£SD) improvements at Month 3 were
9.61+12.9 letters in the BCVA <48 letters group and
1.5+10.3 letters with BCVA >48 letters group (inter-
group P<0.001). The BCVA >48 letters subgroup main-
tained significantly better final VA than the BCVA
subgroup <48 letters throughout the study period
(intergroup P<0.001 at 3 and 12 months) (Fig. 1A). Fur-
thermore, patients with BCVA <48 letters had higher
baseline CRT than patients with BCVA>48 letters
(420.3£156.0 vs. 353.6+£96.7; intergroup P=0.007),
which was sustained across the study period (intergroup
P=0.023 at Month 3 and 0.020 at Month 12) (Fig. 1B).
The number of injections and nAMD duration did not
differ based on the baseline BCVA.

By baseline CRT
Patients were classified into two subgroups based on
severity of CRT at baseline: (1) CRT <325 pum and (2)
CRT > 325 um. CRT severity at baseline showed no corre-
lation with the age of the patient (Table 1). No significant
difference in the number of ranibizumab injections was
observed between the two baseline CRT groups (inter-
group P=0.463) in the ITT population (Table 1).
Significantly higher reductions of CRT were observed
across the study period in the subgroup with base-
line CRT>325 pm (all P<0.001), with reductions of
127.6£104.2 pm at Month 3 and 104.2+£107.4 pm at
Month 12. In the baseline CRT <325 um subgroup,
CRT reductions were 28.6+65.6 pum at Month 3 and
29.9+46.8 pm at Month 12 (all P<0.001). The base-
line CRT <325 um subgroup reached almost a 250 pm
threshold in terms of final CRT at both Months 3 and
12 (255.5£66.5 pm and 260.5+£45.0 pum, respectively)
(Fig. 2A, grey line). Changes in BCVA in this subgroup
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Table 1 Patient characteristics for subgroups by baseline BCVA (ITT?), baseline CRT (ITT%) and treatment response in BCVA and CRT at

Month 3 3M3DY)

Characteristics

Patient sub-groups

ITT?
BCVA <48 letters, BCVA > 48 letters, P value'
N=72 N=80
Age (years), mean £ SD 740492 69.6+11.7 0.014*
Male, n (%) 44 (61.1) 54 (67.5) 0411
NAMD duration (months), mean £ SD 6.6%213 464+12.7 0.832
No. of ranibizumab injections, mean =+ SD 43416 44418 0.985
CRT <325 um, CRT>325 um, Pvalue’
N=61 N=91
Age (years), mean £ SD 724+119 71.1+£100 0.430
Male, n (%) 44 (72.1) 54 (59.3) 0.106
nAMD duration (months), mean = SD 544119 574202 0.015*%
No. of ranibizumab injections, mean 4= SD 45+£18 43+16 0463
3m3DP
Gain <5 letters, Gain > 5 letters, P value’
N=65 N=41
Age (years), mean £ SD 719+11.2 694+11.2 0.271
Male, n (%) 41 (63.1) 31 (75.6) 0.085
Baseline BCVA (letters), mean 4= SD 50.74+21.3 4574182 0.081
Baseline CRT (um), mean £ SD 360.14+1159 402.84151.7¢ 0.067
NAMD duration (months), mean = SD 76+232 444134 0335
No. of ranibizumab injections, mean £ SD 484+16 47416 0.662
Reduce <50 pm, Reduce > 50 pm, Pvalue’
N=34 N=65
Age (years), mean =+ SD 703+£96 721£118 0461
Male, n (%) 22 (64.7) 49 (75.4) 0.263
Baseline BCVA (letters), mean & SD 5114232 49941769 0.781
Baseline CRT (um), mean £ SD 31584762 400441197 <0.001*
nAMD duration (months), mean £ SD 69+146 6.4+£23.1 0.022%
No. of ranibizumab injections, mean 4= SD 51+16 484+16 0.857

BCVA best-corrected visual acuity, CRT central retinal thickness, ITT intent-to-treat, N total number of patients, n number of patients, nAMD neovascular age-related
macular degeneration, SD standard deviation, VEGF vascular endothelial growth factors

The difference of continuous variables between treatment groups was compared by independent t test at a statistical significance level of 0.05. If the data had not
been well modelled by a normal distribution, the Mann-Whitney U test would be used

* Statistically significant

2ITT population is defined as all patients who received at least one dose of observational drug (anti-VEGF) and had at least one post-baseline assessment of the study

variables

b 3M3D population is defined as a subset of ITT population that received all three doses of anti-VEGF within 3 months without protocol deviation

¢ Baseline CRT values among patients with > 5 letters BCVA gain were available only for 40 patients

d Baseline BCVA values among patients with > 50 um CRT reduction were available only for 64 patients

were comparable among patients with different sever-
ity of baseline CRT (intergroup P=0.203 and 0.280 at
Month 3 and 12, respectively) with 5.4+12.4 letters
(95%CI: 2.7 to 8.2 letters) vs. 4.8 =11.9 letters (95%CI: 1.6
to 8.0 letters) at Month 3 and 4.3+ 15.1 letters (95%CI:
0.2 to 8.4 letters) vs. 2.2+ 15.8 letters (95%CI: —-3.0 to
7.4 letters) at Month 12, for baseline CRT>325 pm
and < 325 um, respectively (Fig. 2B).

Subgroup analysis by treatment response

Patient subgroups were further analysed to correlate the
treatment response at Month 3 in terms of BCVA and CRT
improvements. Those receiving three ranibizumab injections
in the first 3 months (3M3D population) were considered for
this analysis; the regimen of three loading doses was guided
by the Taiwan-approved Ranibizumab Label and the NHI
nAMD reimbursement criteria during the study period.
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Fig. 1 Change from baseline in BCVA and CRT by baseline BCVA (ITT; <48 letters and > 48 letters). A Mean BCVA and mean change in BCVA are
presented in adjacent graphs; B Mean CRT and mean change in CRT are presented in adjacent graphs. Subgroup with baseline BCVA <48 letters

is represented in grey line; > 48 letter subgroup is represented in blue line. BCVA, best-corrected visual acuity; CRT, central retinal thickness; ITT,
intent-to-treat; N, number of patients; VEGF, vascular endothelial growth factors. *Statistical significance. ITT population, all patients who received at
least one dose of observational drug (anti-VEGF) and had at least one post-baseline assessment of the study variables.

By treatment response at month 3 (BCVA)

Forty-one patients (38.7%) showed favourable treat-
ment improvement in terms of BCVA gains>5 letters
at Month 3, while 65 patients (61.3%) gained <5 letters
at Month 3. Patient characteristics among the subgroups
of treatment response (gains<5 letters or>5 letters)
are summarised in Table 1 (3M3D population). No sig-
nificant differences were observed in age, gender, nAMD
duration and number of ranibizumab injections between
the treatment response subgroups. Baseline BCVA
was also comparable between the subgroups; however,
baseline CRT was numerically higher in the> 5-letter
gain subgroup with borderline significance (P=0.067)
(Table 1).

BCVA gains were significantly higher for the subgroup
with > 5-letter gain at Month 3. These gains at Month 3
(14.2 8.7 letters [95%CI: 11.4 to 16.9 letters]) were fol-
lowed by a decline in the magnitude of gain at Month
12 (6.5+14.3 letters [95%CIL: 1.2 to 11.7 letters]). Nev-
ertheless, the BCVA remained increased at Month 12
compared to baseline (55.8+21.4 vs. 45.7+18.2 letters;
Fig. 3A, blue line). A borderline significant difference in
BCVA changes remained consistent between the two
subgroups at Month 12 (P=0.056).

Similar reductions in CRT were observed in the sub-
group with BCVA >5 letters compared to the<5 letter
subgroup (intergroup P=0.524 and P=0.623 at Month
3 and Month 12, respectively), indicating that treatment
response in BCVA might be weakly associated with the
changes in CRT. CRT at baseline, although numeri-
cally higher in the subgroup with BCVA>5 letters,
was comparable at Month 12 in the<5 letter subgroup
(Fig. 3B). The final CRT at Month 12 was 3124+79.8 pm
and 325+144.7 um in the BCVA >5 letter and <5 letter
subgroup, respectively (P=0.623). In the subgroup gain-
ing<5 letters, final CRT at Month 12 was maintained
reduced from baseline with 41.94+61.2 um in CRT reduc-
tion at Month 12 (P<0.001); the BCVA remained stable
(Fig. 3A, grey line), consistent with no numerical increase
of >50 um in CRT at Month 12 compared with Month 3
(Fig. 3B, grey line).

By treatment response at month 3 (CRT)

At Month 3, 65 patients (65.7%) in the 3M3D analysis
set responded with a>50 um reduction in CRT, while
34 patients (34.3%) exhibited CRT reductions <50 um.
Patient characteristics among subgroups of treatment
response in CRT at Month 3 are summarised in Table 1
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intent-to-treat; N, number of patients; VEGF, vascular endothelial growth factors. *Statistical significance. ITT population, as all patients who received
at least one dose of observational drug (anti-VEGF) and had at least one post-baseline assessment of the study variables

(3M3D population). Patients in both the subgroups
were comparable in baseline characteristics (age, gen-
der distribution, nAMD duration, baseline BCVA) and
number of ranibizumab injections. However, base-
line CRT was significantly higher in the CRT reduc-
tion > 50 um subgroup compared to <50 um subgroup
(P<0.001) (Table 1).

CRT reductions were significantly higher for the
CRT > 50 pum subgroup compared with the<50 pum sub-
group at Month 3 (intergroup P<0.001). The significant
difference was sustained until Month 12, with a reduction
of 87.0£73.0 um for the patients with > 50 pm reduction
and only 8.7+59.8 um for those with <50 pm reduction
(intergroup P<0.001). Improvement in CRT at Month 3
is associated with the changes in BCVA in terms of sig-
nificant BCVA improvements over the study period in
patients with > 50 pm reduction, with a significant inter-
group difference noted at Month 3 (5.0 £ 8.6 letter gains
vs. 1.5+11.6 letter gains in the>50 pm and<50 pm
CRT reduction subgroups, respectively; P=0.005) and
a numerically higher BCVA gain at Month 12 (Fig. 4B).
The BCVA improvements were maintained at Month 12
in the CRT > 50 um subgroup with 4.4411.7 letter gains
(95%CI: 0.6 to 8.2 letters; Fig. 4B, blue lines), despite a

trend of numerical CRT rebound at Month 12 compared
with Month 3 (Fig. 4A, blue lines).

In patients with CRT <50 um reduction, no fur-
ther CRT reduction and no BCVA gains were observed
throughout the study period; both of which maintained
stable compared to the baseline (Fig. 4 A and B, grey
lines).

Ophthalmic observations

Colour fundus photography was used to evaluate the
findings in the patients’ eyes during the study period. As
previously described, around half of the ITT population
at baseline recorded haemorrhage (58.0%), subretinal
fluid (SRF; 51.3%), while 36.7% patients reported pigment
epithelial detachment (PED) and16.0% had scar [15].
For most symptoms except scar, the majority of patients
(>92%) showed improvement or stable conditions over
time. Overall, haemorrhage (42% at Month 3 and 46% at
Month 12) and SRF (39% at Month 3 and 37% at Month
12) showed significant improvements at Months 3 and 12
on fundus (P <0.001 at all visits; Table S1). In the patient
subgroup with baseline CRT >325 pm, the presence of
haemorrhage (65%) and scar (21%) was higher com-
pared with their counterparts. In addition, a significant
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progression was observed for the natural course in scar-
ring (20.5%) at Month 12 (Table S2).

At baseline, the presence of haemorrhage, SRF, PED or
scar was comparable between all the treatment response
subgroups (BCVA gain<5 letters and>5 letters, CRT
reduction<50 pm and >50 pm, annual injections of 3
and > 3; Table S2). Significant improvement in haemor-
rhage (67%) was observed at Month 12 in patients with
BCVA gains>5 letters (P=0.009); Table S3. None of
the ophthalmic outcomes worsened in any of the sub-
groups at Month 12 (Table S3). The SRF improvement
rate showed a significant difference in the BCVA gain>5
letter subgroup compared with the BCVA gain<5 let-
ter subgroup at Month 3 (53.1% vs. 29.2%, respectively;
P=0.036). The SRF improvement rate showed a border-
line significant difference in the CRT reduction>50 um
subgroup compared with the CRT reduction<50 pm
subgroup at Month 3 (42.6% vs. 19.2%, respectively;
P=0.078; Table S3).

Safety

A total of 94 patients reported 254 AEs, the majority (240
of 254; 94.4%) of which were mild to moderate in sever-
ity, with allergic conjunctivitis being the ocular AE with

highest incidence (5%); serious AEs were reported in
11.8% of patients [15].

Discussion

In this subgroup analysis, the RACER study population
treated with ranibizumab 0.5 mg was assessed for BCVA
and CRT improvements based on patient baseline char-
acteristics (BCVA, CRT) and treatment response (BCVA
gains and CRT reduction).

Response to various anti-VEGF therapies is generally
dependent on patient characteristics such as age, baseline
BCVA, nAMD duration, lesion characteristics and geno-
type risk alleles. An optimal response to anti-VEGF can
be largely defined as a condition where there is resolution
of fluid (intraretinal fluid [IRF], subretinal fluid [SRF]),
reduction in CRT and/or improvement of >5 letters in
BCVA gain, which is subject to ceiling effect seen with
good baseline BCVA [16]. In the current RACER sub-
group analysis, we observed that as early as after three
monthly initial ranibizumab injections, 38.7% and 65.7%
of the patients showed favourable treatment improve-
ments in terms of BCVA gain (>5 letters) and CRT
reduction (> 50 pm) at Month 3, respectively.



Tsai et al. BMC Ophthalmology (2023) 23:39

550
£ 500
2450
400
350
300
250
200

of

CRT Reduction
—A—2 50 ym
—8— <50 ym

Mean (SD) CRT

Baseline  Month 3 Month 12

Patients, N

34 65

B
75

65 -
56.5
55 5

45 4

CRT Reduction
—A—2 50 pm
~8—<50 ym

50.0

35 4

Mean (SD) BCVA (letters)

0f

Baseline  Month 3 Month 12

34 55 39
Patients, N
64

55.9

Page 8 of 11

£ 100,
= 50 =
) 18.2 -8 '/l
0
£
o 50 - *
s 100
- 1 *
3 -87.0
o150 CRT Reduction
%.200 ] —A—250 ym
~8—<50 ym
3 -250 -
=
Baseline Month 3 Month 12
34 34 18
Patients, N
65 65 38
o
[0}
E 15,
< 10
3 5.0 44
[s1] 5 4
&= o *
g 0 R
g 1.5 0.5
5 5
5}
a -10 CRT Reduction
23 ig —&—250 ym
§ 7 —8—<50 ym
(]
=
Baseline Month 3 Month 12
64 55 39
Patients, N

Fig.4 Change from baseline in CRT and BCVA by treatment response in CRT (3M3D; < 50 pm and > 50 pum CRT reduction). A Mean CRT and mean
change in CRT are presented in adjacent graphs; B Mean BCVA and mean change in BCVA are presented in adjacent graphs. Subgroup with <50 um
CRT reduction is shown in grey line; > 50 um CRT reduction subgroup is shown in blue line. BCVA, best-corrected visual acuity; CRT, central retinal
thickness; ITT, intent-to-treat; N, number of patients; VEGF, vascular endothelial growth factors. *Statistical significance. 3M3D population, a subset of
ITT population that received all 3 doses of anti-VEGF within 3 months without protocol deviation

The RACER subgroup result is consistent with the
RENOWNED study, a 12-month observational study
with ranibizumab use for nAMD in Taiwan [17]. In
RENOWNED, 49.3% of the patients gained>5 letters
in BCVA at Month 3 with an overall 71.4% complet-
ing the three loading doses during the study period.
The CRT reduction, however, was not sustained in the
RENOWNED study period due to the limited annual
ranibizumab injection number of 3.1 [17], compared to
the 4.8 —5.1 annual injections in the RACER CRT sub-
groups. The RACER result is also consistent with the
AMD-MANAGE study [18], a 24-month observational
study with both ranibizumab and aflibercept use for
nAMD in Spain. In AMD-MANAGE, a mean number
of 5.5 anti-VEGF injections in the initial 12-month study
period was administered; 41.9% of the patients gained > 5
letters in BCVA at Month 3 with an overall 84.1% com-
pleting the loading dose, and the BCVA gain at Month 3
was only sustained until Month 12 in patients, who have
received >5 annual injections, but not<5 annual injec-
tions [18].

Considering the baseline, the patient subgroup with
baseline BCVA >48 letters in RACER showed signifi-
cantly less improvement in BCVA compared to the

BCVA <48 letter subgroup throughout the study period.
This observation is in alignment with previous studies
that reported an inverse relation between baseline BCVA
and mean vision gains [19, 20]. In RACER, the subgroup
with better baseline BCVA maintained significantly
higher absolute BCVA throughout the study period, indi-
cating a ceiling effect despite the lower BCVA gain. Nota-
bly, in the BCVA <48 letter subgroup, the initial BCVA
improvements observed decline by the end of the study
due to the limited injection number in real life. Similar
results were shown by Lo et al. in a 3-year study from
Taiwan: the BCVA gain peaked at Month 3 and declined
throughout the study period due to limited annual anti-
VEGF injection number (4.63) in the first 12 months
[21]. In comparison, AMD-MANAGE study showed a
sustained BCVA gain that improved continuously in the
patient subgroup receiving > 5 annual injections [18].
BCVA gains appeared to be independent of baseline
CRT severity (<325 pum and>325 pm) as the BCVA
gains were comparable between the two baseline CRT
subgroups (intergroup P=0.203 and 0.280 at Month 3
and 12, respectively). This observation needs to be inter-
preted in the light of the previously reported Compari-
son of AMD Treatment Trials (CATT) sub-analysis that
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showed greater baseline CRT to be one of the factors
associated with reduced visual outcomes [22, 23]. A floor
effect may provide an explanation in the patient sub-
group with baseline CRT <325 um; as the mean change
in CRT was comparatively smaller, they attained a final
CRT level of<300 pm, which was sustained throughout
the study period. In contrast, a trend of CRT rebound at
Month 12 was observed in the subgroup with baseline
CRT > 325 um due to the limited injection number in real
life. Similar observations were noted in previous studies
where patients with treatment-naive eyes with nAMD
may fail to show sustained CRT improvements, unless
with continuous treatment [24, 25].

Regarding the treatment response, the 3M3D popula-
tion comprised those who have received all three doses of
anti-VEGF within 3 months; the regimen of three loading
doses was guided by the Taiwan-approved Ranibizumab
Label and the NHI nAMD reimbursement criteria dur-
ing the study period. In the subgroup showing a favour-
able treatment improvement of>5 letter gains in BCVA
at Month 3, the magnitude of gain showed a numerical
decline at Month 12 after its peak at Month 3 due to the
limited number of injections in the clinical practice setting.
The CRT at baseline was not significantly different, and the
final CRT at Month 12 was comparable (312.04+79.8 um
and 325.0+144 pm, respectively; intergroup P=0.623)
between the subgroups with > 5 letter and <5 letter gains in
BCVA. This indicates that the treatment response in BCVA
may be weakly associated with CRT in our findings.

Favourable treatment improvement in terms of CRT
reduction (>50 pm) at Month 3 was seen in 65.7% of
patients. Despite the trend of numerical CRT rebound at
Month 12 in the>50 pm CRT reduction subgroup, the
BCVA gains remained stable with 4.4 +11.7 letter gains
at Month 12. Notably, in the CRT reduction < 50 pm sub-
group at Month 3, the final CRT was still maintained
below the level of 300 um at Month 12. This explained
the response of anti-VEGF treatment for nAMD with the
floor effect in CRT should consider whether the annual
results were maintained at a controlled disease activity
level for the final CRT <300 um at Month 12.

Observed ophthalmic/anatomical changes revealed
that patients with better BCVA response at Month 3
showed greater improvement in SRF at Month 3 infer-
ring that the BCVA gains at Month 3 might be associ-
ated with SRF change at Month 3 (P =0.036). By contrast,
the CRT response at Month 12 did not show consistent
finding compared with Month 3 and the improvement in
SRF was inversely better in the CRT reduction<50 pm
subgroup at Month 12 despite being numerically insig-
nificant. This could be affected by the limited number of
cases and/or disease course, such as CRT rebound in the
CRT reduction > 50 subgroup.

Page 9 of 11

As per the current Taiwan NHI scheme, nAMD
patients eligible for anti-VEGF reimbursement are
granted a lifetime of 14 injections per eye [26]; however,
the policy does not allow treatment switch [26, 27] and
patients are mandated to continue the therapy initially
approved regardless of the functional and anatomical
response. Therefore, it is not possible to see the outcomes
if the suboptimal patient subgroups had been switched
in the RACER study period. Benefits of treatment switch
were elaborated in a pooled meta-analysis that presented
results from 28 studies including 2254 eyes of patients
with nAMD. Patients were followed up for 6—24 months
after anti-VEGF switch; visual and anatomical outcomes
such as BCVA changes/stability and CRT changes were
evaluated. Overall, visual function remained stable with
no considerable improvements after treatment switch,
while significant improvements in anatomical outcomes
(CRT reduction) were observed [28]. Earlier studies
revealed that at 12 months after treatment switch in a
clinical practice setting, patients displayed anatomic
improvements in fluid and significant CRT reduc-
tions and stabilised the visual acuity that was otherwise
trending towards vision loss (prior to switch) along with
anatomical improvements [29, 30]. Some studies also
reported significant visual and anatomic improvements
(CRT reduction) in patients with nAMD at 12 months
after anti-VEGF conversion in patients with initial sub-
optimal response [31, 32]. Considering the available clini-
cal evidence on the benefits of switching, nAMD patients
without early favourable treatment response may require
long-term anti-VEGF therapy, and the benefit of switch
in anti-VEGF agents for better clinical outcomes remains
to be investigated in Taiwan with the evolution of the
reimbursement policy.

This subgroup analysis considered majority of the
disease confounding factors (haemorrhage, SRF, PED,
scar) known to impact treatment outcomes with anti-
VEGF therapies, providing a comprehensive and quali-
tative analysis of the treatment response in patients
with nAMD, although the IRF data were not docu-
mented in RACER due to the design of reporting by
investigator discretion instead of implementing a
reading centre. The small sample size of the patients
analyzed, missing data/loss to follow-up, as in any
observational study and no common standard estab-
lished for the OCT imaging are some of the limita-
tions. In addition, as patients were not randomised
and treated as per investigators’ discretion, this could
have influenced the treatment response. The subgroup
analysis was pre-defined in the Statistical Analysis Plan
before the database lock, while the expansion of the
reimbursed injection number took place from a previ-
ous 3 to 3+ 4 injections for nAMD in Taiwan in August
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2014, being in effect during the RACER study period
and enabling the subgroup analysis reported herein.
The high external validity associated with observational
studies serves as a strength as they reflect the current
real-world clinical practice scenario. Furthermore, the
study does not overestimate the therapeutic efficacy
compared to the results of randomised trials.

Conclusion

In conclusion, the results of our subgroup analysis reit-
erate the importance of early and intensive treatment in
both the optimal and suboptimal response subgroups,
for different aspects of sustaining the initial good
response or stabilizing the final outcomes to be main-
tained above the baseline disease control level. The
ceiling effect and floor effect were the key drivers for
the prognosis in terms of BCVA gains and CRT reduc-
tions throughout the study period. While the BCVA
improvements cannot be predicted based on baseline
CRT severity, the initial improvements in CRT were
associated with BCVA gains as early as Month 3. These
results demonstrate a potential for treatment guidance,
and the unexplored outcomes of switch in anti-VEGF
agents for better clinical outcomes remain to be investi-
gated in Taiwan in the suboptimal response groups.
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