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ABSTRACT
Purpose  Post hoc analysis of the phase III HAWK and 
HARRIER studies to compare the reductions in subretinal 
hyper-reflective material (SHRM) thickness following 
brolucizumab 6 mg or aflibercept 2 mg treatment and 
to assess SHRM thickness and thickness variability as a 
potential biomarker of visual outcomes in patients with 
neovascular age-related macular degeneration (nAMD).
Methods  Optical coherence tomography images from 
the brolucizumab (n=700) and aflibercept (n=696) 
arms were analysed for the maximum SHRM thickness 
across the macula over 96 weeks. In a pooled treatment-
agnostic analysis, the effect of week 12 SHRM thickness 
and SHRM thickness variability on best-corrected visual 
acuity (BCVA) through week 96 were also assessed.
Results  Brolucizumab was associated with numerically 
higher percentage reductions from baseline in SHRM 
thickness versus aflibercept in all patients (week 96: 
54.4% vs 47.6%, respectively) and also in the matched 
subgroups with disease activity at week 16 (week 96: 
51.6% vs 33.8%, respectively). In eyes with lower SHRM 
measurements at week 12, mean BCVA gains from 
baseline were higher at week 96 (<200 µm, +6.47 Early 
Treatment Diabetic Retinopathy Study letters; ≥200 µm, 
+3.10 letters). Eyes with the lowest SHRM thickness 
variability from week 12 to week 96 showed the greatest 
mean BCVA gains from baseline (week 96: <12 µm, 
+7.42 letters; >71 µm, −2.95 letters).
Conclusions  In HAWK and HARRIER, greater 
reductions in maximum SHRM thickness from baseline 
were observed with brolucizumab compared with 
aflibercept. Furthermore, the data suggest that SHRM 
thickness postloading and SHRM thickness variability 
over time are biomarkers for visual outcomes in patients 
with nAMD.

INTRODUCTION
Subretinal hyper-reflective material (SHRM), iden-
tified on optical coherence tomography (OCT) 
as hyper-reflective material located between the 
neurosensory retina and retinal pigment epithelium 
(RPE), is common in eyes with neovascular age-
related macular degeneration (nAMD) and often 
persists following antivascular endothelial growth 
factor (VEGF) treatment.1–4 SHRM components 
are poorly understood and assumed to vary both 

temporally and according to neovascular subtype, 
or location. The composition can alternately 
represent haemorrhage, fibrin, fibrous scar tissue, 
type 2 choroidal neovascularisation or vitelliform 
material.5–7 It is hypothesised that with increased 
SHRM thickness (or height), a mechanical barrier 
forms between the retina and RPE, interfering with 
metabolic exchange and photoreceptor function, 
and thus the normal visual cycle.1 2 8 9 The presence 
of SHRM and subsequent development of fibrous 
scarring is considered a major risk factor associated 
with sustained visual acuity (VA) loss in nAMD, 
despite continued treatment.10 11

An early study of SHRM (previously labelled as 
subretinal tissue) noted that increased thickness at 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Subretinal hyper-reflective material (SHRM) 
often persists following antivascular endothelial 
growth factor treatment and may have a 
detrimental effect on visual outcomes in 
patients with neovascular age-related macular 
degeneration (nAMD).

	⇒ Brolucizumab has been shown to provide 
robust vision gains and superior fluid resolution 
compared with aflibercept but its impact on 
SHRM is not known.

WHAT THIS STUDY ADDS
	⇒ In HAWK and HARRIER, brolucizumab 6 mg 
resulted in greater reductions in maximum 
SHRM thickness from baseline than aflibercept 
2 mg over the 96-week study period.

	⇒ A treatment-agnostic analysis also showed that 
vision outcomes were better in eyes with lower 
SHRM thickness at 12 weeks postloading and in 
eyes with less SHRM thickness variability.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study highlights that by more effectively 
reducing SHRM thickness, brolucizumab may 
provide greater disease control and that SHRM 
thickness postloading and thickness variability 
may be potential biomarkers for 2 year visual 
outcomes in patients with nAMD.
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the foveal centre, and increased volume were correlated with 
decreased VA.8 Subsequently, in the comparison of Age-related 
Macular Degeneration Treatments Trial (the CATT study), 77% 
of eyes with nAMD showed SHRM at the time of enrolment, 
which decreased to 54% 2 years post-treatment with either 
ranibizumab or bevacizumab.1 A cohort study of CATT found 
that sustained VA loss in patients was rare; however, at 2 year 
follow-up in eyes with sustained VA loss, SHRM was typically 
present or had newly developed.12 SHRM was especially asso-
ciated with poorer VA outcomes and scar tissue with thicker 
or wider lesions involving the fovea. It was hypothesised that 
SHRM thickness rapidly decreases in response to anti-VEGF 
therapy induction; however, as treatment continues, the pace of 
SHRM reduction declines due to an increased fibrotic compo-
nent rendering therapy less effective.1

Brolucizumab is a single-chain variable fragment with a high 
affinity for VEGF. Its low molecular weight of 26 kDa allows the 
delivery of more drug per dose compared with other currently 
available anti-VEGF treatments, and offers the potential for 
more effective tissue penetration and increased duration of 
action.13 In the HAWK and HARRIER clinical trials in patients 
with nAMD, brolucizumab 6 mg demonstrated non-inferiority 
versus aflibercept in mean change in best-corrected VA (BCVA) 
at week 48 and week 96 with more than 50% of patients on 
a q12w dosing interval through year 1.14 15 In addition, brolu-
cizumab 6 mg was associated with greater reductions in intra-
retinal fluid (IRF), subretinal fluid and sub-RPE fluid through 
week 96; however, the effect of brolucizumab on SHRM and the 
association between SHRM and visual outcomes in HAWK and 
HARRIER have not been evaluated.

In this post hoc analysis of the HAWK and HARRIER study 
populations, we compared reductions in SHRM thickness in the 
brolucizumab 6 mg and aflibercept 2 mg treatment arms, first in 
all patients as well as in patients with disease activity identified at 
week 16 (disease activity was determined by the investigator but 
guidance provided in the study protocol included a decrease in 
BCVA≥5 letters compared with baseline; decrease in BCVA≥3 
letters and central subfield thickness (CST) increase ≥75 µm 
compared with week 12; decrease in BCVA≥5 letters due to 
nAMD disease activity compared with week 12; new or worse 
IRF compared with week 12). As brolucizumab-treated patients 
with disease activity were adjusted to a every 8 weeks interval 
until the end of the study, these patients matched aflibercept-
treated patients in terms of number of injections and treatment 
interval. Through a pooled, treatment-agnostic analysis of these 
two large study cohorts, we also investigated the impact of 
SHRM thickness and thickness fluctuations on visual outcomes.

Study design and population
HAWK (NCT02307682) and HARRIER (NCT02434328) were 
two phase III, 96-week, prospective, randomised, double-masked 
and multicentre clinical studies. Inclusion and exclusion criteria, 
detailed trial protocol, statistical analyses, randomisation, and 
oversight have been previously published.14 15 Patients were 
randomised 1:1:1 to receive either brolucizumab 3 mg, brolu-
cizumab 6 mg or aflibercept 2 mg (in HAWK), or 1:1 to receive 
brolucizumab 6 mg or aflibercept 2 mg (in HARRIER). Following 
3 monthly loading doses at weeks 0, 4 and 8, brolucizumab 
study eyes were given an intravitreal injection every 12 weeks 
and the dose was adjusted to every 8 weeks for the remainder 
of the study period if disease activity was detected at any of 
the predefined assessment visits; aflibercept was dosed every 8 
weeks following 3 monthly loading doses, as per label at study 

initiation. The data set for this analysis includes all randomised 
and treated patients from both HAWK and HARRIER with at 
least two evaluable postbaseline OCT images, analysed by the 
Doheny Image Reading and Research Laboratory, Los Angeles, 
California, USA.

Study assessments
In this retrospective analysis, OCT images from patients treated 
with brolucizumab 6 mg (n=700) or aflibercept 2 mg (n=696) 
were assessed in a masked, subcompartment analysis. SHRM 
was identified in the subretinal space and measured from the 
inner surface of the hyper-reflective material to the inner surface 
of the RPE (if present) or to the Bruch’s membrane if RPE was 
absent. Graders reviewed all B-scans to determine and measure 
the maximum SHRM thickness across the entire macula (OCT 
scan area 6 mm×6 mm). The graders were masked to treatment 
assignments for the patients. Maximum SHRM thickness was 
measured at baseline, and at weeks 4, 8, 12, 16, 20, 24, 32, 68 
and 96.

The reduction in SHRM thickness across the entire macula in 
the brolucizumab and aflibercept treatment arms from baseline 
to week 96 was compared in the overall HAWK and HARRIER 
study population. Additionally, SHRM thickness reduction was 
also assessed in the subgroup of patients with disease activity at 
week 16 in both treatment arms (the first assessment visit post-
loading phase).

In a pooled, treatment-agnostic analysis, the 2-year BCVA 
outcomes were compared in patients with different SHRM 
thickness cut-off thresholds (100 µm and 200 µm) at week 12, 
when the full impact of the loading phase (3 monthly loading 
doses) is observed. An analysis of the association between SHRM 
thickness variability and visual outcomes was also performed 
using the pooled treatment-agnostic data. The SD of a patient’s 
maximum SHRM thickness (SD (SHRM)) during the mainte-
nance phase (weeks 12–96) was used as a metric of individual 
SHRM variability/stability. Patients were grouped into quartiles 
of increasing SD (SHRM thickness), designated as Q1 (lowest 
variability) to Q4 (highest variability) and the BCVA outcomes 
in each of these quartiles compared.

VA assessments were conducted at baseline and every 4 weeks 
thereafter by masked investigators. BCVA was measured using 
Early Treatment Diabetic Retinopathy Study charts.

Statistical analysis
Maximum SHRM thickness across the macula and BCVA change 
from baseline were analysed using the analysis of covariance 
model with treatment and age category (<75, ≥75) as fixed 
effects and the baseline value of the corresponding endpoint as 
a covariate. Missing values were imputed using the last obser-
vation carried forward method. P values were two sided, non-
adjusted for multiplicity and considered statistically significant 
below 0.05.

RESULTS
In this post hoc analysis of the HAWK and HARRIER studies, 
the total analysis set included 96% of randomised patients 
(n=1396/1459) treated with either brolucizumab 6 mg or afliber-
cept 2 mg and with at least two evaluable OCT images from 
postbaseline. The baseline characteristics of the analysis popu-
lation were well balanced across both treatment arms (table 1). 
Of the overall data set, 79.3% of patients exhibited SHRM at 
baseline in HAWK and HARRIER (brolucizumab 6 mg: 79.4%; 
aflibercept 2 mg: 79.3%).
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Absolute reduction in SHRM thickness through week 96
In the pooled dataset from HAWK and HARRIER studies, the 
least square mean (LSM)±SE SHRM thickness (adjusted for 
baseline) for the brolucizumab 6 mg group was 162.6 (0.00) µm, 
81.0 (2.95) µm, 75.8 (3.22) µm and 72.7 (3.32) µm at baseline, 
weeks 16, 48 and 96, respectively. The corresponding SHRM 
thickness in the aflibercept 2 mg group was 162.6 (0.00) µm, 
91.7 (2.97) µm, 85.2 (3.24) µm and 82.3 (3.38) µm at baseline, 
weeks 16, 48 and 96, respectively (figure  1A). Similar trends 
were observed when each study was analysed separately (online 
supplemental figure 1). The LSM differences (95% CI) in SHRM 
thickness between brolucizumab 6 mg and aflibercept 2 mg 
group at weeks 16, 48 and 96 were: −10.64 (−22.1, 0.8) µm, 
−9.43 (−22.2, 3.4) µm and −13.19 (−27.2, 0.8) µm for the 

HAWK study; and −10.89 (−22.7, 0.9) µm, −9.76 (−22.4, 2.8) 
µm and −7.08 (−19.6, 5.4) µm for the HARRIER study, respec-
tively. Overall, brolucizumab-treated patients had greater reduc-
tions in SHRM thickness versus aflibercept-treated patients. 
Furthermore, SHRM thickness decreased rapidly from baseline 
following initiation of anti-VEGF treatment and this decrease 
was maintained up to week 96 in both treatment groups.

Percentage reduction in SHRM thickness through week 96
The percentage reduction in SHRM thickness also decreased 
to week 96 in both treatment arms. In the pooled dataset from 
HAWK and HARRIER (figure  1B), brolucizumab was associ-
ated with a numerically greater percentage reduction in SHRM 
thickness across the macula compared with aflibercept. A similar 
trend in percentage reduction was also observed when each 
study population was analysed separately (online supplemental 
figure 2). The mean percentage reduction in SHRM thickness in 
the pooled studies was: 50.1%, 52.3% and 54.4% at weeks 16, 
48 and 96, respectively, for brolucizumab; and 43.9%, 47.0% 
and 47.6%, respectively, for aflibercept.

Absolute and percentage reduction in SHRM thickness 
through week 96 in patients with disease activity at week 16
In the matched subgroup of patients with disease activity at week 
16, the brolucizumab 6 mg group had LSM (±SE) SHRM thick-
ness (adjusted for baseline) of 183.7 (0.00) µm, 113.7 (7.54) µm, 
97.1 (8.15) µm and 88.7 (8.49) µm at baseline, weeks 16, 48 
and 96, respectively. The aflibercept group SHRM thickness was 
183.7 (0.00) µm, 125.1 (6.34) µm, 123.7 (6.82) µm and 119.0 
(7.09) µm at baseline, weeks 16, 48 and 96, respectively. There 
was a marked difference in SHRM thickness reduction between 
the two treatment groups and the brolucizumab cohort was asso-
ciated with statistically significant reductions in SHRM thickness 
compared with the aflibercept group at week 48 (p=0.0132) 
and week 96 (p=0.0067) (figure 2A).

Mean percentage reductions in SHRM thickness were numer-
ically greater for brolucizumab-treated patients with disease 
activity at week 16, with 35.5%, 43.6% and 51.6% at weeks 
16, 48 and 96, respectively, compared with 31.5%, 33.5% and 
33.8%, respectively, for aflibercept (figure 2B).

Table 1  Demographic and baseline ocular characteristics of 
patients included in this post hoc analysis

Brolucizumab 6 mg 
(n=700)

Aflibercept 2 mg 
(n=696)

Age, mean (SD), years 75.7 (8.8) 75.7 (8.3)

Females, n (%) 393 (56.1) 387 (55.6)

Ethnicity, n (%)

 � White 597 (85.3) 595 (85.5)

 � Asian 81 (11.6) 76 (10.9)

BCVA, mean (SD), letters 61.2 (13.1) 60.4 (13.3)

CST, mean (SD), μm 468.2 (168.6) 461.8 (149.4)

Type of CNV, n (%)

 � Predominantly classic 252 (36.0) 249 (36.0)

 � Minimally classic 71 (10.1) 67 (9.7)

 � Occult 377 (53.9) 375 (54.3)

Lesion area associated with CNV, mean 
(SD), mm2

3.6 (3.6) 3.7 (3.9)

Presence of fluid, n (%)

 � SRF 485 (69.3) 492 (70.7)

 � IRF 329 (47.0) 316 (45.4)

 � Sub-RPE fluid 282 (40.3) 274 (39.4)

BCVA, best-corrected visual acuity; CNV, choroidal neovascularisation; CST, central 
subfield thickness; IRF, intraretinal fluid; RPE, retinal pigment epithelium; SRF, 
subretinal fluid.

Figure 1  (A) Maximum SHRM thickness and (B) percentage reduction in maximum SHRM thickness in the macula up to week 96 among patients in 
the brolucizumab and aflibercept arms of the pooled HAWK and HARRIER studies. SHRM, subretinal hyper-reflective material.

https://dx.doi.org/10.1136/bjo-2023-323577
https://dx.doi.org/10.1136/bjo-2023-323577
https://dx.doi.org/10.1136/bjo-2023-323577
https://dx.doi.org/10.1136/bjo-2023-323577
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Visual outcomes according to SHRM presence/absence and 
SHRM thickness cut-offs at week 12
In a pooled, treatment-agnostic analysis of the HAWK and 
HARRIER data, SHRM was present in 780 (57.4%) eyes post-
loading at week 12 and absent in 578 (42.6%) eyes. The absence 
of SHRM at week 12 was associated with better visual outcomes 
through week 96 (figure  3A). At weeks 16, 48 and 96, those 
patients without SHRM at week 12 had an LSM (±SE) gain 
of +7.54 (0.43), +7.83 (0.53) and +6.89 (0.61), respectively, 
compared with +5.35 (0.37) letters, +6.68 (0.45) letters and 
+5.60 (0.52) letters, respectively, in those with SHRM present 
at week 12.

BCVA through week 96 was also compared in patients with 
SHRM thickness cut-offs of 100 µm and 200 µm at week 12 
(figure 3B,C). An association between SHRM thickness and visual 
outcomes was identified, where greater SHRM thickness at week 
12 resulted in worse BCVA outcomes at week 96 (SHRM<100 
µm: 6.84 (0.50) letters; SHRM≥100 µm: 5.01 (0.64) letters; 
SHRM<200 µm: 6.47 (0.41) letters and SHRM≥200 µm: 3.10 
(1.28) letters).

Visual outcomes by quartiles of SHRM thickness variability 
over time
Finally, the overall patient population was divided into four 
quartiles based on the SD of their maximum SHRM thickness 
between week 12 and week 96. A comparison of mean BCVA 
through week 96 in these various quartiles (figure 4A) showed 
that higher fluctuations in SHRM thickness led to worse visual 
outcomes at week 96. In particular, after an initial LSM (±SE) 
gain of +6.17 (0.53) letters postloading at week 12, mean BCVA 
change from baseline in the quartile with highest variability (Q4, 
>27 µm) decreased to +3.71 (0.77) letters at week 96.

To investigate the impact of even higher SHRM fluctua-
tions on visual outcomes, the quartile with the highest vari-
ability was split into further quintiles based on SD of SHRM 
thickness from week 12 to week 96 (figure 4B). This analysis 
showed a clear threshold where patients with SHRM fluctua-
tions of >71 µm between week 12 and week 96 lost vision at 
week 96 (LSM (SE), −2.95 (1.74) letters). A representative 

case with large fluctuations in SHRM can be seen in online 
supplemental figure 3.

DISCUSSION
This post hoc analysis identified reductions in SHRM thick-
ness following treatment with brolucizumab or aflibercept, and 
assessed its association with VA using pooled data from the 
HAWK and HARRIER studies. The current study identified the 
presence of SHRM at baseline in 79.3% of eyes with nAMD 
and the rapid decline in SHRM thickness from baseline up to 
week 96 following initiation of anti-VEGF treatment, which is 
consistent with the CATT study.1 Moreover, we observed that 
brolucizumab treatment resulted in significant reductions in 
absolute SHRM thickness and numerically greater reductions in 
percent thickness across the macula compared with aflibercept. 
These findings were also replicated in the matched subgroup of 
patients with disease activity at week 16. By more effectively 
reducing SHRM thickness, brolucizumab could offer the poten-
tial for greater disease control in patients with nAMD. We also 
observed a transient rise in SHRM thickness in both treatment 
groups following the matched loading phase. However, in the 
brolucizumab-treated group, the rise in SHRM thickness was 
notably smaller and delayed by 4 weeks, reaching a peak at week 
20. This prolonged effect is suggestive of a greater durability of 
the anti-VEGF effect in suppressing disease activity, and reducing 
SHRM in patients with nAMD.

Greater SHRM thickness postloading at week 12 was asso-
ciated with poorer visual outcomes after 2 years, thus corrob-
orating results from previous studies, including CATT, about 
the long-term effects of this morphological feature in patients 
treated with anti-VEGF therapy.11 16 17 The link between thicker 
SHRM and poor visual outcomes indicates that SHRM may 
comprise fibrovascular or fibrocellular tissue that separates 
the RPE from the photoreceptors, eventually causing photore-
ceptor dysfunction and loss. Moreover, Casalino et al corrob-
orated the observations from the CATT analysis and revealed 
that SHRM on SD-OCT may represent fibrotic tissue or mature 
type 2 neovascular complexes.18 A more in-depth analysis of the 
HAWK and HARRIER OCT images may identify an association 

Figure 2  (A) Maximum SHRM thickness and (B) percentage reduction in maximum SHRM thickness in the macula up to week 96 among patients 
with disease activity at week 16 in the brolucizumab and aflibercept arms of the pooled HAWK and HARRIER studies. SHRM, subretinal hyper-
reflective material.

https://dx.doi.org/10.1136/bjo-2023-323577
https://dx.doi.org/10.1136/bjo-2023-323577
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Figure 3  BCVA change from baseline by week 12 SHRM (A) presence/absence, (B) thickness cut-off of 100 µm and (C) thickness cut-off of 200 µm 
(treatment-agnostic pooled data from HAWK and HARRIER). BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; 
LS, least square; SHRM subretinal hyper-reflective material.
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between SHRM morphology and location and the presence of 
fibrotic tissue, therefore, explaining the poorer visual outcomes 
of patients with persistent SHRM.19 In addition, identifying eyes 
with reductions in SHRM thickness specifically at the foveal 
centre may reveal an even greater impact on visual outcomes.1 
Nevertheless, this study clearly demonstrates the impact of 
SHRM on long-term visual outcomes irrespective of the location 
within the macula and emphasises the importance of reducing 
SHRM thickness as much as possible early in the course of anti-
VEGF treatment.

Greater fluctuations in SHRM thickness during the main-
tenance phase in HAWK and HARRIER were also associated 
with poorer visual outcomes through week 96, suggesting that 
the damage caused by the thickening SHRM separating (or 
replacing) photoreceptors from the residual RPE accumulates 
over time. This finding aligns with previous analyses demon-
strating that fluctuations in other nAMD parameters, such as 
retinal fluid volume and CST,20–22 also contribute to worse visual 
outcomes in patients.

A strength of the current analysis is the large population size 
captured from two phase III clinical trials investigating patients 
with nAMD. In addition, manual grading of the OCT images by 
masked, certified readers provided a robust analysis of SHRM 
thickness across the macula. The primary limitation is that this 
post hoc analysis is based on studies that were not specifically 
designed for evaluating the impact of SHRM. Therefore, it is 
not possible to definitively conclude that aggressive anti-VEGF 
treatment to eliminate SHRM leads to better visual outcomes. 
In addition, OCT is limited in differentiating the exact nature 
and composition of SHRM, which can vary from patient to 
patient and even from visit to visit. OCT angiography can be an 
important modality to clarify the nature of SHRM material23 24 
but was not performed in HAWK and HARRIER. Another limita-
tion is that neither the axial length nor the degree of myopia 
were accounted for in the treatment-specific analysis and these 
could have an impact on outcomes. However, with the relatively 
large sample size, we would expect these characteristics to be 
reasonably well balanced between the treatment arms.

In summary, brolucizumab achieved greater, clinically mean-
ingful reductions in SHRM thickness over time compared with 
aflibercept in the HAWK and HARRIER studies. Furthermore, 
this post hoc analysis indicates that reducing SHRM thickness 
and variability through anti-VEGF treatment could help to opti-
mise visual outcomes in patients with nAMD.
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